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PREFACE TO THE THIRD ENGLISH EDITION 


This is the sixth edition in the English language of Richter’s “ Organic 
Chemistry,” three American Editions preceding the first English one. 
It follows 15 years after the first English Edition and includes all the 
new and revised matter of the 12th German Edition, and a good deal 
of further matter which it was felt desirable to insert. 

The arrangement of the matter in the introduction is a character- 
istic feature of the book, which has been preserved in this edition. It 
is realized that with the great advances which are now taking place 
on the theoretical side of organic chemistry, some subjects may 
appear inadequately dealt with, and in places the presentation may 
appear somewhat old-fashioned, but without entirely rewriting and 
rearranging the introductory section, which would entirely alter the 
individuality of the book, this is largely inevitable. Short articles 
on the Electronic Theory of Valency and the Parachor have, however, 
been included, on account of their importance in the understanding 
of some problems of a stereochemical and constitutional nature. 

It was suggested in several reviews of the last edition that the 
replacement of the numerous “ Centralblatt ” references by their 
originals was desirable. This has been done as regards the majority 
of the references from 1910 onwards : in addition, a number of further 
references have been included. 

Many minor amendments and additions have been made through- 
out the book. 

In matter of nomenclature, where the English and German usage 
varies, English custom has been followed. Thus the substance 
originally described as ‘ y-glucose ’ is referred to as glucofuranose 
rather than heteroglucose. The use of Greek letters for indicating 
position in open chains has been continued with the exception of sugar 
derivatives, where the use of arabic numerals has become more or less 
universal. 

My thanks are due to Dr. W. H. Hurt ley, who kindly read certain 
portions of the manuscript, and to the publishers and printers for 
their co-operation in producing a very difficult piece of typography. 
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A TEXT-BOOK 


OF 

ORGANIC CHEMISTRY 


INTRODUCTION 

Whilst inorganic chemistry was developed primarily through the 
investigation of minerals, and was in consequence termed mineral 
chemistry, it may be said that the development of organic chemistry 
was due to the study of products resulting from the alteration of plant 
and animal substances. About the close of the eighteenth century 
Lavoisier demonstrated that, when the organic substances present in 
vegetable and animal organisms were burned, carbon dioxide and 
water were always formed. He also showed that the component 
elements of these bodies, so different in properties, were generally car- 
bon, hydrogen, oxygen, and, especially in animal substances, nitrogen. 
Lavoisier further gave utterance to the opinion that peculiarly con- 
stituted atomic groups, or radicals, were to be accepted as present 
in organic; substances ; whilst the mineral substances were regarded 
hj him as the direct combinations of single elements. 

As it seemed impossible, for a long time, to prepare organic bodies 
synthetically from the elements, the opinion prevailed that there 
existed an essential difference between organic and inorganic sub- 
stances, which led to the use of the names Organic Chemistry and 
Inorganic Chemistry. The prevalent opinion was, that the chemical 
elements in the living bodies were subject to other laws than those in 
the so-called inanimate nature, and that the organic substances were 
formed in the organism only by the intervention of a peculiar vital 
force, and that they could not possibly be prepared in an artificial 
way. 

One fact sufficed to prove these views to be unfounded. The 
first organic substance artificially prepared was urea {Wohler, 1828). 
By this synthesis chiefly, to which others were soon added, the idea 
of a peculiar force necessary to the formation of organic compounds 
was contradicted. All further attempts to separate organic substances 
from the inorganic (the chemistry of the simple and the chemistry 
of the compound radicals, p. 21) were futile. At present we know 
that these do not differ essentially from each other ; that the pecu- 
harities of organic compounds are dependent solely on the nature of 
their essential constituent. Carbon ; and that all substances belonging 
VOL. I. 1 B 
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to plants and animals can be prepared artificially from the elements. 
Organic Chemistry is, therefore, the chemistry of the carbon compounds. 
Its separation from the chemistry of the other elements is necessitated 
only by practical considerations, on account of the very great number 
of carbon compounds (about 180,000 : see M. M. Richter’s Lexikon 
der Kohlenstoffverbindungen : Annual increase, some 5000 new com- 
pounds), which far exceeds those of all other elements put together. 
No other possesses in the same degree the abihty of the carbon atoms 
to unite with one another to form open and closed rings or chains. 
The numerous existing carbon nuclei in which atoms or atomic groups 
of other elements have entered in the formation of organic derivatives 
have arisen in this manner. 

The impetus given to the study of the compounds of carbon has 
not only brought new industries into existence, but it has caused the 
rapid development of others of like importaiu^e to the growth and 
welfare of the nation. 

The advances of organic chemistry are equally important to the 
investigation of the chemical processes in vegetable and animal 
organisms, a section of the subject known as Physiological Chemistry 
or Biochemistry . 

DETERMINATION OF THE COMPOSITION OF CARBON 

COMPOUNDS 

ELEMENTARY ORGANIC ANALYSIS 

Most carbon compounds occurring in the animal and vegetable 
kingdoms consist of carbon, hydrogen, and oxygen, as was demon- 
strated by Lavoisier, the founder of organic elementary analysis. 
Many, also, contain nitrogen, whilst sulphur and phosphorus are often 
present. Almost all the elements, non-metals and metals, may be 
artificially introduced as constituents of carbon compounds in direct 
union with carbon. The number of known carbon compounds is ex- 
ceedingly great. A general method, therefore, of isolating the several 
compounds of a mixture, as is done in inorganic chemistry in the 
separation of bases from acids, is impracticable, and special methods 
have to be devised.* The Ittsk of elementary organic analysis is to 
determine, qualitatively and quantitatively, the elements of a carbon 
compound after it has been obtained in a pure state and characterized 
by definite physical properties, such as crystalline form, specific 
gravity, melting point, and boiling point. Simple practical methods 
for the direct determination of oxygen do not exist ; its quantity is 
usually calculated by difference, after the other constituents have been 
found. 


DETERMINATION OF CARBON AND HYDROGEN 
The presence of carbon in a substance is shown by its charring when 
ignited out of contact ’v^dth air. In general its quantity, as also that of 
the hydrogen, is ascertained by combustion. The substance is mixed 
in a glass tube with copper oxide and heated, or the vapour of the 

* Systematic separation of mixtures of carbon compounds, see H. Staudinger, 
Anleitung zur organischen qualitativen Analyse (Berlin, 1923, Springer). 
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substance is passed over red-hot copper oxide. The cupric oxide gives 
up its oxygen and is reduced to metallic copper, whilst the carbon burns 
to carbon dioxide, and the hydrogen to water. In quantitative 
analysis, these products are colle(;ted separately in special apparatus, 
and the increase in the weight of the latter determined. Carbon and 
hydrogen are always simultaneously determined in one operation. 
The details of the quantitative analysis are fully described in the text- 
books of analytical chemistry.* It is only necessary here, therefore, 
to outhne the methods employed. Liebig’s name is especially associ- 
ated with the elaboration of these methods (Pogg. Ann. 1831, 21 , 1). 

Usually the combustion is effected by the aid of c(jpper oxide or fused and 
granulated lead chromate in a tube of hard glass, fifty to seventy centimetres long 
(depending upon the greater or less volatility of the organic body). Substances 
which burn with difficulty should be mixed with finely divided cupric oxide, 
finely divided lead chromate, or with cupric oxide to which potassium bichromate 
has boon added, or the combustion is carried out in a stream of oxygon. (Use 
of moist oxygon, see Ber. 46 , 949.) 

The tube is usually open at both ends {(rlatfrr, Ann. 8uppl. 7, 213) but Liebig 
employed a tube drawn to a point. For many reasons tubes of fused silica 
are preferablt' (r/. Ber. 41 , 604 : Ann. 358, 232). An iron tube has also been 
used (('/oec, Z. anal. C^ienn. 2, 413). 

The tube is placed in a suitable furnace, charcoal being originally used as 
a heating agent, but gas or electrical heating (see Ber. 39 , 2203) is usually em- 
ployed. A particularly economical gas furnace was devised by Frerichs and 
Normann (Z. angow. Chern. 29, 3()7 (1910)), the tube being enclosed by large 
slabs of kioselguhr of special shape. (Early references, .1. IT. Hojtnann, Ann. 
90 , 235 : 107 , 37 : Kih tuniif, r .stn.y Ann. 139 , 70 ; (Jhtsu r, loc. cit. : Ansrhuti 
and Kvkulcy Ann. 228, 30l : Fuchs, Ber. 25, 2723.) 

When the tube has been filled, the open end is attached to an apparatus 
designed to collect the water produced in the combustion, 'the subslances used 
to retain the moisture ai'e : 

1. A U-tube filled with carefully puritied calcium chloride, which has been 
dried at 180° C. 

2. Pure, concentrated sulphuric acid contained in a specially designed tube, 
or pumice fragments, dipped in the acid, and placed in a U-tube {Mathesius, 
Z. anal. Chem. 23, 345). 

3. Pellets of glacial phosphoric acid, contained in a U-tube. The vessel 
intended to receive the water is in aii’-tight comiection with the apparatus 
designed to absorb the carbon dioxide. For the latter purpose a Liebig potash 
bulb was formerly employed, but later that of Geissler came into use ; and very 
many other forms have been recommended (Ber. 24 , 271 : C. 1900, 1. 1240). 
U -tubes, filled with granulated soda-lime, are substituted for the customary 
bulbs {Mulder, Z. anal. Chem. 1 , 2). 

When the combustion is finished, oxygen free from carbon dioxide is forced 
into or drawn through the combustion-tube, air being substituted for it later, with 
the precaution that the pieces of apparatus servmig to dry the oxygon and air are 
filled with the same material which was used for absorbing the water produced 
by the combustion. As soon as the entire system is filled with air, the pieces of 
apparatus employed for absorbing the water and carbon dioxide are disconnected 
and v^oighed separately. The increase in weight of the apparatus in which the 
water is collected represents the water resulting from the combustion of the 
vvoighed substance, and the increase in the other the quantity of carbon dioxide. 
Knowing the composition of water and carbon dioxiile the quantity of carbon 

* J. Liebig, Anleitung zur Analyse organischcr Kbrper, 2. Aufl. 1853; 
li. Fresenius, Quantitative chernische Analyse, 0. Aufl., Bd. 2 : Vortmann, 
Chemische Analyse organischer Stoffe : M. Deniisledt, Die Entwicklung der 
orgaiiischen Elemontaranalyse, 1899 : Meyer, Analyse und Konstitutions- 
ermittelimg organischer Verbindungen, 4. Aufl. (Springer, 1922) ; Houben, Die 
Methoden der organischen Chemie, Bd. I, S. 20-90 (Leipzig, 1921, Thieme). 
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and hydrogen contained in the burnt substance can readily be calculated in 
percentage. 

Fig. 1 represents one end of a combustion furnace of the type devised by 
Kekul^ and Anschiitz (Ann. 228, 301 ). In it lies the combustion tube V. This is 
coimected with a Klinger calcium chloride tube, A ; 2^ is a Geissler potash*bulb, 
joined to a U-tube, G, one limb of which is filled with pieces of stick potash, and 
the other with calcium chloride. G represents mica plates, which permit of a 
careful observation of tlie flame. E is a> section of the iron tube (Modification, 
C. 1903, I. 609) in which the combustion tube V rests ; T a side clay cover 
placed over the mica strips ; D a clay cover for the top. R is the gutter into 
which the gas-pipe, bearing the burners, is placed, and from which it can be 
removed for repair, etc. 

Fig. 1 also shows, above the combustion tube, the anterior portion of a similar 
tube provided with a Bredt and Posth (Ann. 285, 385) calcium chloride tube 
A in which the movement of a drop of water enables the analyst to determine 



Fig. 1. 

the rapidity of the combustion. is a U-tube filled with soda-lime and pro- 

vided with gi'ound-glass stoppers, t'* is a similar tube, filled one-half with 
.soda -lime and one-half with calcium chloride. 

Instead of oxidizing the organic substance with the combined oxygen of cupric 
oxide or lead chromate, the method of Kopfer may be employed, in which plati- 
num black is made to carry free oxygen to the vapours of the substance. A 
simpler combustion furnace may then be employed. 

This method has been perfected by Dennstedt * and his co-workers. In his 
“ rapid combustion method ” the substance is introduced into a small tube and 
vaporized therefrom into a slow stream of oxygen. At the same time a more 
rapid current of the gas is sent rounrl the small containing tube and over the 
heated contact substance (platinized quartz, thin strips of platinum foil or 
platinum gauze), so that the vapour of the compound to be combusted is always 
in the presence of a large excess of oxygen. The accompanying illustration 
(Fig. 2) indicates clearly the arrangement (Ber. 38, 3729 : 39, 1623 : 41 , 600 : 
Chem. Ztg. 33, 769). 

♦ Dennstedtf Anleitung zur vereinfachten Elemontar-analyse, 3. Aufl. 
Hamburg, 1910. 
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Cerium dioxide has been used as a contact substance (Ber. 46 , 2574). 

Hempel and others have worked out methods for the combustion of solid 
organic substances with oxygen under pressure in the autoclave (Ber. . 30 , 202, 
380, 605). 

Gaseous bodies can be analysed according to the usual gas analysis methods, 
either with Bunsen’s * apparatus, or with Hempel’s,! when great accuracy is not 
required. The volume of the gas or mixture of gases is hieasured after each 
successive reaction with potassium hydroxide solution, fuming sulphuric acid, 
alkaline pyrogallic acid and ammoniacal cuprous chloride. These reagents absorb 
respectively carbon dioxide, the so-called heavy hydrocarbons (olefines, acetylene, 
aromatic hydrocarbons of the C«H 2 „-.r> series), oxygen and carbon monoxide. 
The gaseous residue, which may consist of nitrogen, hydrogen and methane, is 
either exploded with oxygen and the contraction in volume measured both before 
and after absorption of the carbon dioxide formed ; or else the two combustible 
gases may bo separately dealt with, the hydrogen being absorbed by palladium 
black and tlie methane being led over incandescent platinum. A complete 
separation of the (Ethylene hydrocarbons from those of the benzene series has 
been successfully carried out by the employment of activated charcoal (Ber/, 
Z. angew. Chem. 34, 125 : 37, 205 ; Chern. Ztg. 50, 332). 



When nitrogen is present in the substances burned, its oxides are sometimes 
f)roduced, which have to bo reduced to nitrogen. This may be effected by con- 
ducting the gases of the combustion over a layer of metallic copper filings, or a 
roll of copper gauze placed in the front portion of the combustion tube. The 
latter, in such eases, should be a little longer than usual. The copper, which has 
been previously reduced in a current of hydrogen, often includes some of the gas 
which, on subsequent combustion, would yield water. To remedy this, the copper 
after reduction is heated in an air-bath or, better, in a current of carbon dioxide 
or to 200° in a \'acuum. Its reduction by the vapours of formic acid or methyl 
alcohol is more advantageous ; this may be done by pouring a small quantity of 
t hese liquids into a dry test tube and then suspending in them the roll of copper 
heated to redness ; copper thus reduced is perfectly free from hydrogen. 

It is generally unnecessary to use a copper spiral when the combustions are 
carried out in open tubes. 

If the substance contains chlorine, bromine or iodine, copper halides are 
formed, which, being volatile, would pass into the calcium chloride tube. In 
order to avoid this a spiral of thin copper, or better, silver foil is introduced 
into the front part of the tube. When the organic compound contains sulphur 

* Bunsen^ Gasometrische Methoden, 2. And. Braunschweig, 1877. 

t Hempel^ Gasometrische Methoden, Braunschweig, 1913 : W inkier , Gas- 
analyze, Freiberg, 1901 : Zaigrnoridy vnd J under y Kurzer Leitfaden der teohnis- 
ohen Gasanalyse, Vieweg, Braimschweig, 1920. 
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a portion of the latter will be converted into sulphur dioxide (during the com- 
bustion with cupric oxide), which may be prevented from escaping by introducing 
a layer of lead peroxide (Z. anal. Chem. 17, 1). Or load chromate may be sub- 
stituted for the cupric oxide, which would convert the sulphur into non-volatile 
lead sulphate. In the combustion of organic salts of the alkalis or alkaline 
earths, a portion of the carbon dioxide is retained by the base. To prevent 
this and to expel the CO 2 , the substance in the boat is mixed with potassium 
bichromate or chromic oxide (Ber. 13, 1041). 

An organic substance, containing nitrogen, sulphur, chlorine or bromine, can 
be analysed by Dennstedt’s method (see above. Fig. 1). It is mixed with lead 
peroxide and placed in a boat of special shape in the front part of the tube. The 
temperature is then raised to about 320°. The nitrogen, sulphur, and halogens 
are held back in the form of lead compounds, whilst the carbon and hydrogen 
pass away as carbon dioxide and water, and are estimated in the usual way. 

\Mien carbon alone is to be determined this can be effected, in many instances, 
in the wet wav, by oxidation with chromic acid and sulphuric acid {M cssingerf 
Ber. 21, 2910‘: compare Ann. 273, 151 : Ber. 42, 1305: C. 1909, II. 2195: 
Apparatus, Chem. Ztg. 97, 917 (1912)). 




M ^RocL, iv break off the capillary 
& = Short places rod 

Fig. 3. 



.A method for the electric combustion of substances with j>latinum as catalyst 
is described in Chem. Ztg. 33, 733. 

The aim of the newer methods is the use of smaller quantities of substance 
to be analysed, a great saving of time being thereby obtained. Berl (Ber. 59, 
890 : 61, 83) has worked out a rapid method for the estimation of carbon and 
hydrogen, whereby, using a quantity of substance containing up to 15 mg. 
carbon, the process can be carried through in 40-45 minutes. The apparatus 
is illustrated in Fig. 3. 

The substance is oxidized by heating with finely powdered lead chromate, 
and the evolved carbon dioxide estimated either volurnetrically (Fig. 3, I) 
or gravimetrically (Fig. 3, III). The water is in either case estimated as the 
increase in weight of the absorption vessels (cone, sulphuric acid. Fig. 3, I, 
E and F) or calcium chloride (Fig. 3, III). In the case of substances containing 
nitrogen, halogen or sulphur, a layer of lead peroxide is necessary before the 
absorption vessels. Liquids are weighed in the small vessels illustrated in Fig. 3, 
IV, which are placed for combustion as shown in Fig. 3, II. 

The method necessitates burning at a known rate, and careful preparation 
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of the reagents used for filling the tube and absorption vessels. Experimental 
details, see Ber. 61 , 83. 

Microestimation of Carbon and Hydrogen 

{Pregl, Die quantitative organische Mikroanalyse, 2. Aufl. Springer, Berlin, 
1923 : Dubsky, Organische Mikroelementaranalyse : Arbeitsmethodender 

organischen Chemie, Bd. I.) 

The increase in the sensitivity of the analytical balance to 0*005-0 *001 mg. 
(so-called microbalances, Kuhlmann, Bunge, Sartorius) has been used by Pregl 
for the development of microanalytical methods. The majority of elements can 
bo estimated, using a quantity of 3-5 mg. of substance. The apparatus for the 
estimation of carbon and hydrogen is illustrated in Fig. 4. The filling of the 
combustion tube with silver wool, copper oxide and lead chromate, and lead 
peroxide enables the same tube to bo used for substances containing nitrogen, 
halogen or sulphur. For details of this masterly method, the above works 
should be consulted. 



1. Pressure lU'pulat or. 2 . liubble Counter. 3. Platinum Boat. 4. CuO -f PbCrOi. .5. Cyinene 
bath, for heating PbOj to 180°. 0 and 7. Absorption apparatus for C1,0 and CO,. 8. Marriotte’s 

Bottle. 


DETERMINATION OF NITROGEN 

In many instances, the presence of nitrogen is disclosed by the 
odour of burnt feathers when the compounds under examination are 
heated. Many nitrogenous substances yield ammonia when heated 
with alkalis (or, better still, with soda-lime). A simjde and very deli- 
cate test for the detection of nitrogen is the following : the substance 
is heated in a test tube with a small piece of sodium or potassium, 
or, when the substance is explosive, with the addition of dry soda. 
Potassium cyanide is produced, accompanied perhaps by a slight 
detonation. Tiie residue is treated with water ; to the filtrate, ferrous 
sulphate containing a ferric salt is added, and then a few drops of 
])otassium liydroxide ; the mixture is then heated, and finally an 
excess of hydrochloric acid is added. An undissolved, blue-coloured 
precipitate (Prussian blue), or a bluish -green coloration, indicates the 
presence of nitrogen in the substance examined. 
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Nitrogen is determined quantitatively : (1) as nitrogen, by the 
method of Duma^ ; (2a) as ammonia, by the ignition of the material 
with soda-lime (method of Will and Varrentrap) ; (2b) as ammonia, 
by heating the substance with sulphuric acid according to the direc- 
tions of KjcldahL 


1. Dumas’ Method. — The siibstanee, mixed with cupric oxide, is burned in a 
tube of hard glass in the anterior end of which is a layer of metallic copper which 
serves for the reduction of the oxides of nitrogen. The tube is filled with carbon 
dioxide, obtained by heating either dry, primary sodium carbonate or magnesite, 
contained in the posterior and closed end of the tube. It can also bo filled 
from a carbon dioxide apparatus of the type recommended by Kreusler (Z. 
anal. Chem. 24, 440), in which case an open tube is used. A more practicable 
method of procedure consists in evacuating the tube, previous to the combustion, 
by means of an air-pump, and filling each time with carbon dioxide (Ann. 233, 
330, note) ; or the air may be removed by means of a mercury pump (Z. anal. 
Chem. 17, 409). 

WTien the combustion is ended, excess of carbon dioxide is employed to sweep 
all the nitrogen from the combustion tube into the graduated tube or nitrometer, 
which maj’’ have one of a variety of forms (Zulkoivsky^ Ann. 182, 296 : Bor. 13, 
1099 : Schimrz^ Ber. 13, 771 : Ludwig^ Ber. 13, 883 : H. Schiff, Ber. 13, 885 : 
StaedeU Ber. 13, 2243 : Grot^es, Ber. 13, 1341 : Ber. 17, 1348). The 

potassium h\’droxide in the graduated vessel absorbs all the disengaged carbon 
dioxide, and only pure nitrogen remains. 

Micro Uumas method^ see PregU Die quantitative organischo Mikroanalyse, 
1923 : Semi-micro method, Berl. Ber. 59, 897. 

Given the volmno V/ of the gas, the barometric pressure p and the vapour- 
pressure s of the potassium hydroxide {Widhicr, Pogg. Ann. 103, 529 : 110, 5()4) 
at the temperature t of the surrounding air, the volume Vq at 0*^ and 700 mm. 
may be easily deduced : 

V _ V»(p - *) 

“ 760 (1 + 0-00306r>0' 

Multiply by 0 0012507, the weight of 1 c.c. of nitrogen at 0" and 760 mm., and 
the product will represent the weight in grams of the observed volume of nitrogen : 


G 


760 (1 + 1 0036650 


00012507 


from which the percentage of nitrogen in the substance analysed can easily be 
calculated . 

Instead of reducing the observed gas volume V, from the observed barometric 
pressure £md the temperature at the time of the experiment , to the normal pressure 
of 760 mm. and the U'mperatnre of O'^ (“ N.T.P.”), the reduction may be mor(^ 
readily effected by comparing the observed volume of gas or vapour with the 
expansion of « normal ga.s-volume (100) measured at 760 mm. and 0°. For this 

purpose the equation employed, in which v represents tlie cliangod 

normal volume (100). The gas-volumometer recommended by Krenslvr (Ber. 17, 
30) and Whikler (Ber. 18, 2534), or the Lunge nitrometer (Ber. 18, 2030 : 23, 440 : 
24, 1656, 3491 : J , A. M viler ^ Ber. 26, R. 388) will answer very well for this 
purpose. Or the nitrogen may be collected in a gaft-baroscopcy and its weight 
calculated from the pressure of a known constant volume of nitrogen (Ber. 27, 
2263). 

Franklaiul and Armstrong conduct the combustion in a vacuum, and dispense 
with the layer of metallic copper in the anterior portion of the tube. If any nitric 
oxide is formed it is collected together with the nitrogen, and is subsequently 
removed by absorption (Ber. 22, 3065). 

Consult Hempel (Z. anal. Chem. 17, 409) ; E. Pfluger {ibid.f 18, 296) ; Jan- 
nasch and V. Meyer (Ann. 233, 375) ; and iJcnnatcdt and Hassler (Bor. 41, 2778) 
for methods by which carbon, hydrogen, and nitrogen are determined simul- 
taneously. 

See Oehrenbeck (Ber. 22, 1694) when nitrogen and hydrogen are to be estimated 
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simultaneously, in cases where the carbon was determined in the wet way, as 
by Messinger's method. 

For the simultaneous determination of carbon and nitrogen, see Klingemann 
(Ann. 275 , 92) : Frankland, J.C.S. 99, 1783. 

2. Will and Varrentrap’s Method. — When most nitrogenous organic com- 
pounds (nitro -derivatives excepted) are ignited with alkalis, all the nitrogen 
is eliminated in the form of ammonia gas. The weighed, finely pulverized sub- 
stance is mixed with about 10 parts soda-lime, and placed in a combustion tube 
about 30 cm. in length, which is then filled with soda-lime. At the open end of 
the tube there is connected a bulb apparatus, containing dilute hydrochloric acid. 
The anterior portion of the tube in the furnace is first heated, then that containing 
the mixture. In order to carry all the ammonia into the bulb, air is passed 
through the tube, after the fused-up end has been broken. The ammoniiun 
chloride in the hydrochloric acid is precipitated with platinic chloride, as am- 
monium-platinum chloride (PtCl4,2NH4Cl) ; the precipitate is then ignited, and 
the residual Pt weighed ; 1 atom of Pt corresponds to 2 molecules of NH3 or 
2 atoms of nitrogen. 

Or, having employed a definite volume of acid in the apparatus, the excess 
after the ammonia absorption may bo determined volumetrically, using fluorescein 
or methyl orange as an indicator. 

Cenerally, too little nitrogen is obtained by this method, because a portion 
of the ammonia undergoes decomposition. This is avoided by adding sugar to the 
mixture of subst ance and soda-lime, and by avoiding heating the tube too strongly 
(Z. anal. Chem. 19 , 91). Further, the tube must be filled with soda-lime as 
completely as possible (Z. anal. Chem. 21 , 278). 

The method of Will and Varrentrap is made more widely applicable by the 
addition of reducing substances to the soda-lime. Goldberg (Ber. 16 , 2549) recom- 
mends a mixture of soda-lime (100 parts), stannous sulphide (100 parts), and 
sulphur (20 parts) ; this he considers especially advantageous in estimating the 
nitrogen of nitro- and azo -compounds. For nitrates, Arnold (Ber. 18 , 806) 
employs a mixture of soda-lime (2 parts), sodium thiosulphate (1 part), and 
sodium formate (1 part). 

3. KjeldahPs Method. — The substance is dissolved by heating it with con- 
centrated sulphuric acid. This decomposes the organic matter and converts the 
nitrogen into ammonia. Aft^er the liquid has been diluted with water and cooled 
and a small quantity of potassium permanganate has been added, the ammonia 
is expelled from it by boiling with sodium hydroxide (Z. anal. Chem. 22, 366). 
This method is well adaptM for the determination of the nitrogen of plants and 
animal substances (compare urea). When the nitrogen in nitro- and cyanogen 
compounds is to be estimated, sugar must be added ; and in the case of nitrates, 
benzoic acid. The addition of mercury or copper sulphate is highly advantageous 
(Ber. 18 , K. 199, 297 : 29 , R. 146). Pyridine and quinoline caimot be analysed 
by this method (Ber. 19 , R. 367, 368). 

The Kjeldahl method for the determination of nitrogen has rapidly come into 
favour on account of the simplicity of the operation and of the apparatus, and of 
the possibility to carry out a nmnber of determinations simultaneously. A large 
number of modifications of the method have been proposed to render it generally 
applicable (Ber. 27 , 1633 : 28 , R. 937 : C. 1898, II. 312). 

Nitrogen as -NO or *N02. — The nitrogen of nitro- and nitroso-compounds 
can be determined indirectly wdth a standardized solution of stannous chloride. 
The latter converts the gi’oups NOg and NO into the amide group, and is itself 
converted into an equivalent quantity of stannic chloride. This can be deter- 
mined by titrating the excess of stannous salt with an iodine solution (Limprichi, 
Ber. 11 , 40). 

The estimation of nitrogen in nitro groups can also bo readily carried out 
by titration in acid solution with titanous sulphate {Callan and Henderson, 
J. Soc. Chem. Ind. 1922, 41 , 157-161 t), a modification of Knecht’s titanous 
chloride method. 

Estimation of nitrogen in amides, cyanides and proteins by titration with 
alkaline hypochlorite solution, see Ber. 37, 4290. 
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DETERMINATION OF THE HALOGENS, SULPHUR, AND 
PHOSPHORUS 

Qualitative Tests : Halogens, — Substances containing chlorine, 
bromine and iodine burn with a flame having a green- tinged border. 
The following reaction is exceedingly delicate. A little cupric oxide 
is first ignited on a platinum wire, then some of the substance to be 
examined is placed upon it, and the whole is heated in the non- 
luminous gas flame, which is coloured an intense greenish-blue if a 
halogen is present. A more definite test is to ignite the substance 
in a test tube with quick-hme (free from halogens), dissolve the 
mass ill nitric acid, and then to add silver nitrate to the filtered 
solution. 

Sulphur. — The presence of sulphur can frequently be detected by 
fusing the substance with potassium hydroxide ; potassium sulphide 
results, which produces a black stain of silver sulphide on a clean 
piece of silver ; or by heating the substance with metallic sodium and 
testing the aqueous filtrate for sodium sulphide with sodium nitro- 
prusside : if sulphur is present, a purple-violet coloration is produced. 
When testing for sulpiuir and phosphorus, the substance is oxidized 
with a mixture of potassium nitrate and potassium carbonate ; the 
resulting sulphuric and phosphoric acids are sought for by the usual 
methods. 

Quantitative Analysis : A liard glass tube, closed at oue luid, and about 
33 cm. in length, containing a mixture of the substance with chlorino-free lime, is 
heated. After cooling, its contents are dissolved in dilute nitric acid, the solution 
is filtered and silver nitrate is added to precipitate the halogen. 

The decomposition is easier if instead of lime a mixture of lime with J part 
sodium carbonate, or 1 part sodium carbonate with 2 parts potassium nitrate is 
employed : and in the case of substances volatilizing with difficulty, a platinum, 
porcelain or steel crucible, heated over a gas lamp, can be used ( Volhard, Ann. 
190 , 40 ; Scheff, Ann. 195 , 293). With compounds containing iodine, iodic 
acid ma\ form, which, after solution of the ma.ss, may be reduced by sulphurous 
acid. The volumetric method of VoUiard (Ann. 190 , 1) for estimating halogens, 
emplo^'ing ammonium thiocyanate as indicator, is strongly to be recommended 
in place of the cu.stomary gravimetric method. 

The same decomposition can als<^ be effected by ignition with iron, ferric oxide, 
and sodiimi carbonate (£'. Kopp, Ber. 10 , 290). 

The substances containing the halogens may also bo burned in oxygen. The 
gases are conducted over platinized quartz sand, and the products collected in 
snitable solutions {Zulkowsky., Ber. 18 , R. 048). 

The substances may be burned in a current of oxygen, and the products con- 
ducted through a layer of pure granular lime (or soda-lime) raised to a red heat. 
Later, the lime is dissolved in dilute nitric acid, and the halogens, the sulphuric 
acid and the phosphoric acid may then be estimated. Arsenic may be determined 
similarly {Briigeltnayin, Z. anal. Chem. 15 , 1 : 16 , 1). Sauer recommends collecting 
the sulphur dioxide, formed in the combustion of the substance, in hydrochloric 
acid containing bromine, in an alkaline bromine solution, or a sodium peroxide 
solution (Z. anal. Chem. 12 , 178 : Chem. Ztg. 34 , 417 : Z. angew. Chora. 26 , 503). 
See also the simultaneous estimation of halogens and sulphur in the presence 
of carbon and hydrogen, by Dennstedt’s method (p. 4). 

To determine sulphur and the halogens by the method suggested by Klason 
(Ber. 19 , 1910), the substance is oxidized in a current of oxygen charged with 
nitrous vapours, and the produfds of combustion are conducted over rolls of 
platinum foil. Consult Foleck (Z. anal. Chem. 22, 171) for the estimation of the 
sulphur contained in coal gtis, 

A method of frequent \ise for the determination of the halogens, sulphur, and 
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phosphorus in organic bodies is that of Carina (Z. anal. Chem. 1 , 240 : 4 , 451 : 
10 , 103): Linnemann {ibid. 11 , 325); Obermeyer (Ber. 20 , 2928). 

The substance, weighed out in a small glass tube, is heated together with 
concentrated nitric acid and silver nitrate to 150-300° C. in a sealed tube, and 
the quantity of the resulting silver haloid (Ber. 28 , R. 478, 864), sulphuric acid, 
and phosphoric acid determined. The furnace of Babo (Ber. 13 , 1219) is especially 
adapted for heating the tubes. The results by this method are not always 
reliable (Ann. 223 , 184). 

The following method is more generally applicable for the estimation of 
sulphur and the halogens : the substance is carefully heated in a nickel crucible 
with a mixture of sodium and potassium carbonates and sodium peroxide. After 
having been melted, the product of reaction is dissolved in water and acidified 
with hydrochloric acid containing bromine ; the sulphur is then precipitated as 
barium sulphate (cf. Ber. 28 , 427 : Chem. Ztg. 19 , 2040 ; C. 1904, IT. 1622, etc.) 

The method is usable with slight modification for the estimation of halogen 
{Pringshihn^ Bor. 41 , 4267 : Literature, see Chem. Ztg. 35 , 906). 

In many instances, the halogens may be separated by the action of sodium 
amalgam on the aqueous solution of the substance, or by that of sodium on the 
alcoholic solution. The quantity of the resulting salt is determined in the filtered 
liquid {Kekule^ Ann. Suppl. 1 , 340 ; comp. C. 1905, I. 1273 : Ber. 39 , 4056). 

8ul]jhur and phosphorus can often be estimated by the wet method. The 
oxidation is effected by means of potassium permanganate and alkali hydroxide, 
or with potassium bichromate and hydrochloric acid {MesauigeVy Ber. 21 , 2914). 

Estimation of fluorine, see Gazzetta, 49, II. 371. 

ESTIMATION OF CERTAIN IMFORTANT ORGANIC GROUPS 

Estimation of Methoxyl and Ethoxyl Groups. — This method 
is due to Zeisel (Monatsh. 6, 989 : 7, 704). The substance is heated 
with concentrated hydriodic acid (D 1-72), whereby methyl or ethyl 
iodide is formed. This is distilled off and after removal of free iodine 
by red phosphorus, is caught in alcoholic silver nitrate solution. The 
silver iodide formed is estimated by weighing. Apparatus, see 
Monatsh. 25, 1213. Micro^wi thod, Pregl, Die quantitative organische 
Mikroanalyse. Tmprovcmeid , see Z. physiol. Chem. 163, 141. Methyl 
and ethyl grou])s attached to nitrogen can be estimated by a similar 
method (Ber. 27, 319 : Monatsh. 15, 013 : 16, 599 : 18, 379). iVIicro- 
method, see Pregl, loc. cit. 

Estimation of Active Hydrogen. — Substances containing " active 
hydrogen ” (OH, SH, NHo, NH groups, etc.) react in an anhydrous 
solvent (dry pyridine) with magnesium methyl iodide to yield metliane 
quantitatively. This is estimated volumetrically [Zerewitinoff. Ber. 
40, 2023 : 41, 2223). Micro-viethod , Flasckentrdgrr. Z. physiol. Chem. 
146, 219 : Marricni, Biochern. J. 24, 746. 

Estimation of Acetyl Groups. — Monatsh. 18, 859 : Ber. 38, 
3956 : Ann. 433, 430, 230. Micro-method. Ann. 440, 34. Estima- 
tion of benzoyl groups, Ann. 294, 215 : Ber. 28, 2965. 

DETERMINATION OF THE MOLECULAR FORMULA 

The results of elementary analysis are expressed as the percentage 
composition of the substance thus examined ; then follows the deter- 
mination of the 7nolecnlar formula. 

We arrive at the simplest ratio in the number of elementary atoms 
contained in a compound, by dividing the percentage numbers by the 
respective atomic weights of the elements. 
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Thus, the analysis of lactic acid gave the following percentage composition ; 


Carbon 40*0 per cent. 

Hydrogen 6-6 

Oxygen (by ditfoi'enee) 63-4 ,, 


lOO-O 

Dividing tliese numbers by the corresponding atomic weights (C 12, H J, 
D — Id), the following quotients are obtaiiied : 

•lOd (>•(> r»3-4 

12 ■ ' ■] ‘ ‘ 10 ' ■* 

Therefore, tlie ratio of the number of atoms of H, and O, in lactic acid, is as 
3-3 : ti t) : 3-3, or 1 : 2 : 1 . Tlie simplest atomic formula, then, would be ^ 

however, it remains undetermined what multiple, if any, of this formula expresses 
the true composition. The lowest formula of a compound, by which is expressed 
the ratio of the atoms of other elements to those of the carbon atoms, is an 
empirical forimda. We are actually acquainted with different substances having 
the empirical formula CHoO, for example, formaldehyde, CH2O ; acetic acid, 
C2H4O2 ; lactic acid, C-^HgO., : dextrose. C\,H,oOg. t>tc. 

With compouiuls of o( >111 plicated structure, various empirical 
formulae may be calculated from the percentage composition, on 
account of the possible errors of observation. 

The true molecular formula, therefore, can only be ascertained 
by some other means. Three courses of procedure are open to us. 
First, the study of the chemical reactions, and the derivatives of the 
substance under consideration ; second, the determination of the 
vapour density of volatile substances ; and third, the examination 
of certain properties of the solutions of soluble substances. 

(1) DfU^rtuiyiation of ihf MohcaUir Weight by the (^hetnical Method 

This is applicable to all substances, but does not invariably lead 
to definite conclusions. It consists in preparing derivatives, analysing 
them and comparing their formula 3 with the supposed formula of the 
original compound. Tiie problem becomes simpler when the sub- 
stance is either a ba.se or an ar-id. Then it is only necessary to prepare 
a salt, determine the quantity of metal combined with the acid, or of 
the mineral acid in union with ihe base, and from this to calculate 
the equivalent f(jrmula. A f(*w (examples will serve to illustrate this. 

The silver salt (T lactic add may be prepared (the ailver salts are easily obtained 
piirc', and generally crystallize without water) and the quantity of siK'er in it 
determined ; 54-8 per cent, of silv'er will be found. As the atomic weight of 
silver = 107-7, the amount of the other constituent combined with one atom of 
Ag in silver lactate, may be calculated from the proportion — 

54-8 : (100 - 54-8) : : 107*7 : x 

X - 89 0. 

Granting that lactic acid is monobasic, that in the siK’^or salt one atom of hydrogen 
is replaced by silver, it follows that the molecular weight of the free (lactic) acid 
must — 89 -f 1 ™ 90. Consequently the simplest empiric formula of the acid, 
CHjO = 30, must be tripled. Hence, the molecular formula of the free acid is 
CaH.Oa = 90 : 



3<; . . 

40-U 

H. 

(i 

(i-7 

OJ 

48 . . 

. . . .03 -.I 


9U 

100*0 
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In studying a base, the platinum double salt is usually prepared. The con- 
stitution of these double salts is analogous to that of ammonium platinichloride 
(NH 4 ) 2 PtCle — the ammonia being replaced by the base. The quantity of plati- 
num in the double salt is determined by ignition, and calculating the quantity 
of the constituent combined with one atom of Pt (195*2 parts). From the number 
found, six atoms of chlorine and two atoms of hydrogen are subtracted, and the 
result is then divided by two ; the final figure will be the equivalent or molecular 
weight of the base. 

Or, the substance is subjected to reactions of various kinds, e.g. the substitu- 
tion of its hydrogen by chlorine. The simplest formula of acetic acid, as described 
above, is CHgO. By substitution three acids can be obtained from acetic acid. 
These, upon treatment with nascent hydrogen, revert to the original acetic acid. 
They are - 

CgHgClOa — Monochloroacetic Acid, 

CgHjClgOg — Dichloroacetic Acid, and 
C 2 HCI 3 O 2 — Trichloroacetic Acid. 

Consequently, there must bo three replaceable hydrogen atoms in the acid. 
This would load us to the formula C 2 H 4 O 2 for it. (Comp, also Ladevburg : Die 
Theorie dor aromatischon Verbindungen (1876), p. 10.) 

Knowing the molecular value of an analysed compound, it will 
often be necessary to multiply its empirical formula to obtain one 
which will express the number of atoms contained in the molecule. 
This will be the empirical molecvlar formula. 

(2) Determination of the Molecular Weight from the Vapour 

Density 

This method is limited to those substances which can be volatilized 
without undergoing decomposition. It is based upon the law of 
Avogadro, according to which equal volumes of all gases and vapours 
at like temperature and like pressure contain an equal number of 
molecules. The molecular weights are therefore proportional to the 
densities. The fundamental molecular weight is that of oxygen, 
which for practical reasons is given the value of 32-000. The mole- 
cular weight of hydrogen is, on this basis, 2-02 : in many cases, the 
density is referred to aii’ as a basis, which is assumed to have the 
molecular weight 29. 

The molecular weight of an unknown gas is calculated from its 
density 

(a) relative to hydrogen, by multiplying b}^ 2-02 


{b) 

oxygen , 


3200 

(c) 

air. 


2900 



Molecular 

Specific 



Weight. 

Gravity, 



(O - 16.) 

(Air = 1.) 

Hydrogen . 

. . . . H., 

- 2*02 

0*0693 

Oxygen 

.... 0.2 

- 32*00 

1*1060 

Water 

. . . . IBO 

- 18*02 

0*622 

Methane 

.... CH. 

- 16*0 

0*553 


Experience has shown that the results arrived at by the chemical 
method and those obtained from the vapour density — are almost 
always identical. If a variation should occur, it is invariably in con- 
sequence of the substance undergoing decomposition, or dissociation, 
in its conversion into vapour. 

Two essentially different methods are employed in determining the 
vapour density. According to one, by weighing a vessel of known 
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capacity filled vapour, the weight of the latter is ascertained — 
method of Dumas and of Bunsen ; in accordance with the other, a 
weighed quantity (^f substance is vaporized and the volume of th(‘ 
resulting vapour determined. In the latter case the vapour volume 
may l>e directly measured — methods of Gay-Lussac and A. W. Hof- 
mann : or it may be calculated from the equivalent quantity of a 
liquid e\|H'lled by the vapour — displacenvcnt methods. The first three 
methods, of which a fuller description may be found in more ex- 
tended t(‘xt-books, are seldom employed at present in laboratories, 
because tlie method of Meyer, which is characterized by simplicity 
in execution, affords sufficiently accurate re- 
sults for all ordinary purposes. 

Method of Victor Meyer. — DcUr'nn nation of 
iHi/>onr density by displacement of air (Ber. 11 , 18()7, 
2253). A weighed quantity of substance is vaporized 
in an enclosed space, and the volume of air which it 
dis})laces is measured. Fig. 5 represents the appara- 
tus constructed for this purpose. It consists of a 
narrow glass tube, ending in a cylindrical vessel, A. 
The upper, somewhat enlarged opening. B, is closed 
with an india-rubber stt)pper. A short capillary side 
tube, conducts the (lisplaced air into the water- 
bath, L), The substance is weighed out in a small 
glass tube provided with a stopper, and is vaporized 
in A (improvements, see J. Ind. Eng. Chom. 4 , ()S4 : 
J.A.C.S. 39, 2350), the escaping air being collected in 
the eudiometer, K. The vapour-bath, used in heating 
A, con.sists of a wide glass C 3 dinder, F (Ber. 19, 18()2), 
^^•hose lower, somewhat enlarged end, is closed and 
tilled with a liquid of known boiling point. The 
liquid einploj'ed is determined by the substance under 
examination ; its boiling point must be above that of 
the latter. 8oine of the liquids in use are water (100^), 
xylene (about 14(h), aniline (184"), eth\ 1 benzoate 
(213')» amvl btuizoan* (-(d ), and diphenylarnim* (310 ). 

The vapour demsitv, 8, equals the weight of the 
vapour, P (the siime, naturally, as the weight of tln' 
substance emplo^’ed), divided bj' the weijrlit of hi\ 

♦ ‘Onal volume ot air, I*' 

V 
S 

P' 

1 c.c. of uii at 0 and TOO rnm. pn'ssure weighs 0-001293 
gram. The air volume V|, found at the observed tern- 
fjeralurr is under pre.s.sure jf — in which ]> indicates the barometric jires- 
Hure and ^ tiie tension of the aqueous vapour at temperature t. ddie weight 
then v\'ouid be — 

P' - o ooi 2 !):t . V,-, * , , r - X 

l — 000307( 7ti(t 

Consequently the vapour density sought is — * 

P(l -r 0*003(i7/)7h0 

- «}’ 



S - 


0-001293. 

The displaced air may be collected in the gas-lxiroHcope (compare p. 8). (Ber. 27 , 
2267. y 

V. MeyeFs method yields results that arc sufficiently accurate in practic<‘. 


* It i.s simpler to make the reduction to 760 mm. 0^ by comparison with a 
normal volume (p. 8). 
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because in deducing the molecular weight from the vapour density, relatively 
large numbers are considered and the little differences do not come into con- 
sideration. A greater inaccuracy may arise in the method of introducing the 
substances into the apparatus because air is apt to enter the vessel. L, Meyer 
(Ber. 13 , 991), Piccard (Ber. 13 , 1080), MahLniann (Ber. 18 , 1624), and V. Meyer 
and Biltz (Ber. 21 , 688) have suggested various devices to avoid this source of 
error. To test the liability to decomposition of the substance at the temperature 
of the experiment, a small portion of it may bo heated in a glass bulb drawn out 
to a long point (Ber. 14 , 1466). 

Substances boiling above 300"^ are heated in a rnetal-bath (Ber. 11 , 2255). 
Porcelain vessels are used when the temperature required is so high as to melt 
glass, and the heating is then carried out in a Perrot’s gas oven (Ber. 12 , 1112). 
Whore air affects the substances in vapour form, the apparatus is filled with 
pure nitrogen (Bor. 18 , 2809 ; 21 , 688). If the substances under investigation 
attack porcelain, tubes of platinum are substituted for the latter, which are 
enclosed in glazed porcelain tubes, and then heated in furnaces (Ber. 12 , 2204 : 
Z. physik. Chem. 1 , 146 : Ber. 21 , 688). This form of apparatus allows of the 
simultaneous determination of temperature (Ber. 15 , 141 : Z. physik. Chem. 
1 , 153). 

For modifications in displacement methods of determining the density of gases, 
consult V . Meyer (Bor. 15 , 137, 1 161, 2771) ; Langer and V. Meyer, Pyrotechnische 
Uritersuchungen, 1885 ; CVa/f« (Ber. 13 , 851 : 14,356: 16,457). For air-baths 
and regulators see L. Meyer (Bor. 16 , 1087 : 17 , 478). 

Modifications of the displacement method, adapted for work under reduced 
pressure, have been proposed by La Conic (Ber. 18 , 2122), Srluill (Ber. 22 , 140, 
with bibliography : Bor. 27 , K. 604), Eyckmann (Ber. 22 , 2754), V. Meyer and 
Demuth (Ber. 23 , 311) ; Jiicfiards (Ber. 23 , 919, note), Neuberg (Ber. 24 , 729, 
2543). 

For further methods see NUson and Peitersnon (Ber. 17 , 987 : 19 , R. 88 : J. 
pr. Chem. 33 , 1); BUtz (Ber. 21 , 2767). 

(3) Determination of the Molecular Weight of Substances when in 

Solution 

1. By Means of Osmotic Pressure. — According to the theory of 
solutions developed by van 't Hoff (Z. physik. Chem. 1, 481 : 3, 198 : 
Ber. 27, 6),* chemical substances, when in dilute solution, behave as 
though they were in the form of a gas or vapour ; so that the laws 
of Boyle and Gay-Lussac, and the hypothesis of Avogadro, apply also 
to dilute solutions. We know that the gas particles exert pressure, 
and it is also true that compounds, when dissolved, exert a pres- 
sure, which is dii’cctly expressed or shown by osmotic phenomena, and 
hence it is termed osmotic 2 )ressurc. This pressure is equal to that 
which would be exerted by an equal amount of the substance, if it 
were converted into a gas, and occupied the same volume, at the same 
temperature, as the solution. Solutions containing molecular quan- 
tities of different substances exert the same osmotic pressure. It is, 
therefore, jiossible, as in the case of gas pressure, to deduce directly 
the molecular weight of the substance in solution from its osmotic 
pressure. 

PJeffer has dctorininod osmotic pressure by means of artificial cells having 
semi -permeable walls. If suitably modified, this method promises to be of wide 
applicability {Ixidenburg, Ber. 22 , 1225). 

The plaainolytic tneUiod of dc Vries for the determination of osmotic pressure, 
is based upon the use of living plant-cells, in place of which Hamburger employed 
red blood corpuscles (Z. physik. Chem. 2 , 415 : 14 , 424). 

* See Ostwald’s Grundriss der allgemcinen Chemie, 7. Aufl. 1923 ; Lothar 
Meyer-Kimbach Grundziigo der theoretisclien Chemie, 4. Aufi. 1907. 
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The molecular weight is most simply calculated by the general formula for 
gases : pv = RT, in which R represents a constant, and T the absolute tempera- 
ture, calculated from — 278^^. If this equation is also to include the hypothesis 
of Avogadro (that the molecular weights of gases or dissolved substances occupy 
the same volume at like temperature and pressure), then molecular quantities 
of the substances must always be token into consideration. The constant equals 
84700 for gram-molecular weights (2-02 grams hydrogen, or 32-00 grams oxygen) 
at the temperature 0" (or 273^), and the pressure (gas or osmotic pressure) of 
70 cm. of mercury. 

p.v - 84700 T.* 

wliere v represents the volume corresponding to the gram-nioleculnr weight 

IM 

(r — — , in which a is the weight in grams of 1 c.c. of the gas, or dissolved sub- 
stance, contained in 1 (-.c. of the solution). After substitution the formula 
reads ; 

p.13-59 X = 84700 (273 + I), 


with the four variables p, M, a and i. If thrc'e of these be given the fourth 
can be calculateii. Consequently, the molecular weight M is found from the 
formula- - 

_ 0.84700(273 -f t) _ a.618(273 -f i) 

^ pl3-59 p 


2. From the Lowering of the Vapour Pressure or the Raising of the 
Boiling Point.— The lowering of the vapour pressure of solutions is closely 
connected with osmotic pressure. Solutions at the same temperature liave a 
lower vapour pressure (/') than the pure solvent (/), and consequently boil at a 
higher temperature than the latter. The lowering in pressure (/ — /') is in pro- 
portion to the quantity of the substance dissolved {]\' idlner)^ according to the 

equation ^ = k in which k represents the “relative lowering of the vapour 


pressure 



for 1 per e€*nt. solutions, and g their percentage 


content . 


If the lowering be referred not to equal quantities, but to molecular quantities 
of the substances dissolv'cd, it is foimd that (Hpii-niolecular solutions (tliosi' con- 
taining molecular quantities of the dilTerent substances in equal amounts in 
the same solvent) show equal lowering — the molecular vapour pressure lowering 
is constant : 


Again, on comparing the rela^- . . lowering of \'apour pressure in different 
solv'Giits, it will be found also that they are equal, if equal amounts of the sub- 
stances are dissolved in molecular quantities of the solvent. Jn its broadest 
sense the would read : The lowering of vapour-pressure is to tlu* vapour- 
pressure of the solvent if) as the number of molecules of the dissolvi-d body {71) 
IS to the total number of molecules (?< ^ N) : 


/ - /' 

/ ' r N’ 

Substituting and ^ {g and G repres<3nt the weight quantities of the sub- 
stance and the solvent ; m and M are their molecular weights), for n and N, the 
molecular weights, can readily be calculated. 


R - 
^ - T 


1033 — 70 X 13 o9 (sp. gr. of mercury) 

o / 4 ^ 1 f XT. ^^^33 X 22400 

0-001430 fwt. of 1 e.c. of oxygen). R - — ^ ^ . 


22400 - 32-0 
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F, M. RaouU (1887) discovered these relationships and put them forward as 
being empirical. Soon after van H Hoff (Z. physik. Chem. 3, 115) deduced them 
theoretically from the osmotic pressure. They are only of value for substances 
non-volatile as compared with the solvent, or for such as volatilize with difficulty, 
and show the same abnormalities as are observed with osmotic pressure and 
depression in the freezing point. 

The methods for the determination of vapour pressure are yet too little known 
and primitive in their nature to be applied in the practical determination of 
molecular weights (Bor. 22, 1084 : Z. physik. Chem. 4, 538). Far more simple 
and exact is the determination of the rise in the boiling point, which corresponds 
with this {Beckmann, Z. physik. Chem. 4 , 539 : 6 , 437 : 8 , 223 : 15 , 656 : Ber. 
27, R. 727 : 28, R. 432). 

Method of Beckmann. — A tube, A (Fig. 6), is employed as the boiling 
vessel, and is provided with two side tubes and The substance under 
examination is introduced through ; a condenser, N, is attached to < 2 * ^od a 
calcium chloride tube may be inserted at M . Garnets or fragments of platinum 



are introduced into the main tube, followed by the solvent, and finally the 
opening is closed by a differential thermometer {Bcchnann, 1 a. physik. Chem. 
51, 329), of which the bulb must be completely covered by the liquid. The 
boiling tube is surrounded with an air-bath consisting of a mica cylinder, g, 
and two glass-wool plugs, and AMien dealing with liquids of high boiling 
point the air-bath may be replaced by a vapour-bath made of glass or porcelain, 
which is charged with the same liquid as that which is employed as the solv’ent ; 
otherwise the boiling tube may be heated directly on an asbestos netting over 
a micro -burner. The boiling point of the pure solvent is first read, and then 
again after a known quantity of the solute has been introduced down the tube i. 
A rise of temperature is observ^ed, and should be taken after each of several 
successive adclitions of weighed quantities of the solute. 

A modification of the apparatus has been devised by Beckmann (Z. physik. 
Chem. 44, 161) based on that of Sakurai and Landbhergcr (Ber. 31, 458 : 36, 
1555). In this form, the temperature of the solution is raised by passing into it 
the vapour of the solv^ent, whereby continuous readings can be taken of the 
boiling point of the solution of a constant weight of solute in an increasing quantity 
of solvent. S. Arrhenius has deduced a formula for the molecular rise in boiling 
point, which is perfectly analogous to that of van H Hoff for the molecular depres- 

T* 

Sion of the freezing point. The molecular rise is expressed by d = 0 02.—, in 

which T represents the absolute boiling point, and w the heat of evaporation of 
the solvent. Upon dissolving 1 gram-molecule of a substance, i.e. if the molecular 
weight of the body is m, then m grams of it in 100 grams of solvent, the boiling 
VOL. I. C 
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point will be raised d"' ; upon dissolving p grains of the substance in 100 gr. of 

p 

solvent the rise will be whence d, — d— ; from which 


d 



whei'e 

p ” the weight (in grams) of the substance, dissolved in 100 grams of the 
solvent , 

d = molecular rise in boiling point 0*02.—^, 

dj observed rise in boiling point. 

The molecular rise of the boiling point in the case of ether is 21 P", of chloro- 
form 3tM>\ and of acetic acid 25*3°. Further values, see Landolt-Bornaivih, 
Physikalisch-chemische Tabellen (5. Aufl. 1923). 

Micro-ap}xiratuft for molecular weight determination, see PrvgU Pie quantita- 
tive organische Mikronnalyse, 1923. 

Riechc (Ber. 59 , 2181 : modificatioyis, Chem. Ztg. 1927 , 0(18) lias devised a 
useful micro-apparatus, whereby with the use of 3 -4 grams of solvent, a molecular 
weight can be tletermined using ]o-25 ingm. of substance. 

3. From the Depression of the Freezing Point. — The mole- 
cular weights of dissolved substances are accurately and readily 
deduced from the depression of the freezing points of their solutions. 
Blagden in 1788, and Rudorff in 1861, found that the depression of 
the freezing points of erystallizable solvents, or substances (as water, 
benzene, and glacial acetic acid), is proportional to the quantity of 
substance dissolved by them. The later researches of Coppet (1871), 
and especially those of Raoult (1882), have established the fact that 
when molecular quantities of different substances are dissolved in the 
same amount of a solvent, they show the same depression in their 
freezing points {Law of Raoult), If t represents the dej)ression pro- 
duced by p grams of a substance dissolved in 100 gi’ams of the solvent, 

tlie coefficient of depression - will be the d(‘})ressioii for 1 gram of 

substance in 100 grams of the solution.* The wolecular depression is 
the product obtained by multiplying the depression coefficient by the 
molecular weight of the dissolved substances. This is a constant for 
all sub.stancea having the same solvent ; 

M. ' - C. 

P 

RaoulVf* e xperiments show the constant to have the following moan values : 
for benzene, 49 ; for glacial acetic aoid, 39 ; for water, 19. When the constant 
18 known, the molecular weight is calculated as follows : 

M = C^. 

A comparison of the constants found for different solvents will disclose the 
fact that they bear the same ratio to each other as the molecular weights — that 
consequently the quotient obtained from the molecular depressions and molecular 
weights is a constant value of about 0-62. It means, expressed differently, that 
the molecule of any one substance dissolved in 100 molecules of a liquid lowers 
the point of solidification very nearly 0*62°. 

These empirical laws, discovered by Coppet and Raoidt, have been theoretically 
deduced by Goldberg (1870) and van 't Hoff (188(5) from the diminution of vapour 

♦ Arrhenius (Z. physik. Chem. 2 , 493) expresses the content of solutions by 
the weight in grams of the substances contained in 100 c.c. of the solution. 
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pressure and of osmotic pressure. The constant (' is obtained for the various 

^2 

solvents, from the formula 0*02 — , where T indicates the absolute temperature 

w ^ 

of solidification of the solvent, and w is its latent heat of fusion. In this way 
van 'i HoJJ calculated the eonstanfs fr»r benzene (53), acetic acid (38*8), water 
(18*9) and camphor (400). 

The laws just described can only be employed in their simple form in the 
case of indifferent or but slightly chemically active substances. 

All electrolytes, i.c. salts, strong acids, and bases, behave unexpectedly in 
that the depressions of freezing point, the change in osmotic pressure, and the 
lowering of vapour pressure as found experimentally are all greater than their 
calculated values ; the electrolytic dissociation theory of Arrhenius (Z. physik. 
Cliein. 1 , 577, 031 : 2, 491 : Bor. 27, R. 542) accounts for this by the assumption 



Fig. 7. 

that the electrolytes have separated into their free ions. However, even 
non -electrolytes frequently exhibit abnormalities, generally the opposite of the 
above. Tliis seems to be duo to the fact that the substances held in solution 
had not completely broken up into their individual molecules. The most accurate 
results are obtained by operating with very dilute solutions, and by employing 
glacial acetic acid or phenol as soh'ent. This dissociates solids most readily. 

Various forms of apparatus suitable for the above purpose, and methods of 
working have been proposed by Auwers (Bor. 21, 711), Hollcman (Ber. 21, 8(10), 
Hrntschrl (Z. physik. C'hem. 2, 307), Bcckmatu) (Z. physik. Chem. 2, 038), Eyk- 
tnanu (Z. physik. Chem. 2,904), Klobukow (Z. physik. Chem. 4 , 10), and Baumann 
and Fromm (Ber. 24, 1431). 

Method of Beckmann. — A thick- walled test tulxi 2-3 cm. in diameter, 
to which a side tube has been fused (Fig. 7), is partially filled with 10-15 gm. 
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of solv’^enl, weighed accurately. A platinum stirrer is inserted, whicli terminates 
at its upper end in a platinized or enamelled iron ring. The freezing tube is 
then closed with a stopper carrying a Beckmann thermometer (p. 19). Above 
the iron ring of the stirrer is fixed a small electromagnet, which is energized 
by the accumulators A at periods detennined by the metronome M. The stirrer 
IS thus kept continuously in motion, whilst the injurious effect of the atmospheric 
moisture is avoided. The lower part of the freezing tube is fixed by means of 
a cork inside a wider tube in order to prex ent a too rapid full of temperature 
when the apparatus is plunged into a beaker containing a freezing mixture. 
When the solvent chosen is acetic acid (solidifying about 16"’) cold water may be 
employed ; for benzene (solidifying about 5°), ice-water is suitable. The freezing 
point of the soh’ent is then determined, by cooling it to 1-2"' beloM^ its solidify- 
ing point and then starting crystallization by stirring, or by the introduction 
of scraps of platinum foil or by “ inoculation " with a crystal of the substance 
forming the solute. The thermometer then suddenly rises a little, and the 
freezing point is taken to be that at which the mercury remains constant for 
a httle while. After allow’ing the mass to thaw, a carefully weighed quantity 
of the solid to be examined is introduced dow^l the side tube, and allowed to 
dissolve. The freezing point of the solution js tlien determined 
in a similar maimer to that just described (Ber. 28, K. 412 : (\ 
1910, I. 241 : II. 361 : Z. physik. Chem. 40, 192 : 44, 169). 

Eykmann’s Method (Ann. 273, 98) requires phenol as the 
solvent (melting about 3S ), whereby considerable simplification is 
possible. Its nadecular depression is greater than that of ben- 
zene, and has been calculated thetiretically as being 76 (p. 17). 
Fig. 8 represents the form of apparatus, which consists of a flask 
with two tubulm-es, in one of which a thermometer is fixed, and 
over the other is placed a gi’ound-glass cap. 

The investigations of Fatcrno and others show', contrary to earlier 
obseiw’ations, that when benzene is employed as the solvent the 
carbon derivatives mostly yield normal results ; the exceptions 
l>eing the alcohols, phenols, acids, oximes, and pyrrole (Bor. 22, 
1430 and Z. physik. Chem. 5, 94 : Ber. 27, K. 84o : 28, R. 974). 

Naphthalene, molecular-depression about 70, is also used as a 
solvent in this method (Ber. 22, 2501 : 23, R. 1 ; 24, 1431). 

Baf^t (Ber. 55, 1051, 3727) has devised a simple, well-tested 
micro method for molecular weight determinations. He uses cam- 
phor as a soh'cnt, which has the high molecular depression of 
C — 4(M> (for 100-gm. solvent). On account of the high solu- 
bihty of many organic compounds in camphor it is possible to 
carry out the determination in a melting-point flask with an ordinary ther- 
mometer graduated in degrees. A few milligrammes of substance suffice for a 
detennination. 

Consult Ber. 28, 804 for a method of dtHermining molecular weights from 
the decrecuit in solubility. 

P’or the determination of molecular weight from molecular solution -volume, 
see Ber. 29, 1023. 



Fig. 8. 


THE CHEMICAL CONSTITUTION OF THE CARBON 
COMPOUNDS 

Early Theories. — The opinion that the cause of chemical affinity resided in 
electrical forces was first expressed in the commencement of the last century, 
when the remarkable decompositions of chemical bodies through the agency of 
the electric current w'ere discovered. It was assumed that the elementary atoms 
possessed difierent electrical polarities, and that the elements wore arranged in 
a series according to their electrical behaviour. Chemical union depended on 
the equalization of different electricities. The dualistic idea of the constitution 
of compounds was a necessary consequence of this hypothesis. According to it, 
every chemical compound was composed of two groups, electrically different, 
and these were further made up of two different groups or elements. Thus, 
salts were viewed as combinations of electro -positive bases (metallic oxides), with 
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electro -negative £U}ids (acid anhydrides), and these, in turn, were held to be 
binary compounds of oxygen with metals and non-metals. With this as basis 
there was constructed the electro -chemical^ dualistic theory of Berzelius , which 
almost exclusively dominated chemical science in Germany until the beginning 
of 1860. 

The principles predominating in inorganic chemistry were also applied to 
organic substances. It was thought that in the latter complex groups (radicals) 
played the same rdle as that of the elements in inorganic chemistry. Organic 
(rhemistry was defined as the chemistry of the compound radicals {Liebig^ 1832), 
and led tcj the chemical-radical theory^ which flourished in Germany simultaneously 
with the electro -chemical theory. According to this view, the object of organic 
(diernistry was the investigation and isolation of radicals, in the sense of the 
dualistic idea, as the more intimate components of the organic compounds, and 
by this means they sought to explain the constitution of the latter. {Liebig 
and Wohler, Ueber das Radical der Bonzoesaurc, Ann. 3, 249 ; Bunsen, Ueber 
die Kakodylverbindungon, Ann. 31, 175: 37, 1 : 42, 14: 46, 1.) 

In the meantime, about 1830, France contributed facts not in harmony with 
thf) electro-chemical, dualistic theory. It had been found that the hydrogen in 
organic compounds could be replaced (substituted) by chlorine and bromine, 
without any important change in the character of the compounds. To the electro- 
negative halogens was ascribed a chemical function similar to electro -positive 
hydrogen. This showed the electro -chemical hypothesis to bo erroneous. The 
dualistic idea was superseded by a uyiitary theory. Laying aside all the primitive 
speculations on the nature of chemical affinity, the chemical compounds began 
to be looked upon as being constituted in accordance with definite fundamental 
forms — types — in which the individual elements could be replaced by others 
(early type theory of Dumas, nucleus theory of Laurent). Dumas, however, 
distinguished between chemical types and mechanical types. He considered 
substances to have the same chemical type, to be of the same species, when they 
possessed the same fundamental properties, e.g. acetic and chloracetic acids. 
l..ike Regnault, he considered that they were of the same mechanical type, belonged 
to the same natural family, when they were relat^ed in structure but showed 
a different chemical character, e.g. alcohol and acetic acid. At the same time, 
the dualistic view on the pre-existence of radicals was refuted. 

The correct establishment of the ideas of equivalent, atom, and moleode [Laurent 
and Gerhardt) was an important consequence of the typical unitary idea of 
chemical compoimds. By means of it a correct foundation was laid for further 
generalization. The molecule having been accepted as a chemical unit, the 
study of the grouping of atoms in the molecule became possible, and chemical 
constitution could again bo more closely examined. The investigation of the 
reactions of double decomposition, whereby single atomic groups (radicals or 
residues) were preserved and could be exchanged [Gerhardt) ; the important 
discoveries of the amines or substituted ammonias by Wilrtz (1849) and Hofmann 
(1849) ; the epoch-making researches of Williamson and Chancel (1850), upon 
the composition of others ; and the discovery of acid-forming oxides by Gerhardt 
(1851), — led to a “type ” explanation of the individual cleisses of compounds. 
Williamson referred the alcohols and ethers to the water type. A. W. Hofmann 
deduced the substituted ammonias from ammonia. The “ type ” idea found 
i t s culmination in the type theory of Gerhardt (1853), which was nothing more than 
an amalgamation of the emrly type or substitution theory of Dumas and Laurent 
with the radical theory of Berzelius and Liebig. The molecule was its basis, in 
which a further grouping of atoms was assumed. The conception of radicals 
became different ; they were no longer regarded as atomic groups that could 
be isolated and compared with elements, but as molecular residues which remained 
unaltered in certain reactions. 

Comparing the carbon compounds with the simplest inorganic derivatives, 
Gerhardt referred them to the following principal fundamental forms or types : 

Hi Cl) H)^ m 

H) Hi HVN 

Hydrogen. Hydrogen Water. Hj 

chlorldi’. Ammonia. 

J^'roni these they could be obtained by substituting the compound radicals 
tor hydrogen atoms. All compounds that could be viewed as consisting of two 



ORGANIC CHEMISTRY 


directly combined gn*oups were referred to the hydrogen and hydrogen chloride 
types, c,g. : 

t C i CN [ I C.HsO | 

Hi Cl 1 Hi CN I Cl I 


Cyanogen 

hydride. 


Ethyl 

eyauide. 


Acetyl 

chloride. 


It was oiist-omary to refer all those bodies deriv'able from water by the replace 
nient of hydrogen, to the water type : 


H ' 


C2H3O [ Q 

Hl^ 


CaH, [ Q 

Ethyl ether. 


CaH.O I . 
CaH,0 I 
Acetic anhydride. 


CHa] 

hIx 

hJ 

Methylamiuc. 


CH3 yx 
CH3J 

Trirncthvlamino. 


HJ 

Acctaniiih' 


Associated t^-pes were included with the principal typos. Thus, with the 
fundamental type | wore arranged, as subordinates, the typos ^ j ; with 

the water tj-pe ^ | O that of ^ | S, etc. 

All derivatives of ammonia were referred to the ammonia type : 

CH3I CH 3 ^ C\H 30 ^ ^ 

H^N CHa^X hIx N 

HJ CH3J hJ 

Methylamiuc. Trirncthylamino. Acctaiukh'. ('yanic acid. 

Thet\pes of Gerhardt were chemical types, as he liimself expresses it ; “ Mes 
tj^pes sont des types do double decomposition.” It is thus understood that h(‘ 

Cl ' H ' 

included the t\pe with that , • 

These types no longer posses.sed their early restricted meaning. Sometimes 
a compound was referred to different types, according to the transpositions 
the formula was intended to express. Thus aldehyde was referred to the hydrogen 
or water type ; cyanic acid to the water or ammonia type : 

CoHgO I , C.Ho ( ^ CX I ^ , CO I V 

2 and - ' O, Hi H 1 ^ 

The development of the idea of polyatomic radicals, the knowdodge that the 
hydrogen of carbon radicals could be replaced by the groups OH and XHg, etc., 
contributed to the further establishment of tnidtiplv and ruixed types ( Williamson^ 
Odling, Kekule) : 

Compound Types : 


Cl 

C,H,"! 

Cl, 

Ethylene chloride, 

Mixeel Types : 

Cl ( 

(H «' 

I H3 I O2 

Cl( 

TT 

Chlorhydrin. 


H;.o 
C,H," I 
HjO 
Ethylene 
glycol. 


^2 ^ N 

h|o 

Oxamic acid. 


Ho 

1 

h; 


H3, 

1 

H2 

In 

CO" 

1 

Ho 

;-N 

( 'iirliii 

ini(l( 

H' 

1 

H 


1 H 

1 

1 H 
H 

' 0 

1 

H. 

C2H2O" 

'N 

1 

H 

[0 


Amldoacf.tlc acid. 


The presentation of these multiple and mixed typos depended on the poly- 
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atomic radicals of two or more “ type-molecules,” if one may so name them, 
becoming united into one whole — a molecule. Upon comparing these typical 
with the structural formulae employed at present, we observe that the first con- 
stitute the transitional state from the empirical, unitary formulae to 'those of 
the present day. The latter aim to express the kind of grouping of the atoms 
in the molecule. 

The next step was the expansion of the Gerharrlt type to the — 

Marsh-gas type ^ ^ by Kekul6, 1856 (Ann. 101 , 204). 

H) 

A year later Kekulo (1857) in a communication, “ Uebor die sog. gopaarten 
Verbindungcai urid di(^ Theorie der mehratomigen Radicale ” (Ann. 104 , 129), 
indicated the idea of types by the assumption of a peculiar function of the atoms 
—their atomicity or basicity (valence). This ho supposed to be the cause of 
the types of Gerliardt. 

As early as 1852 Frankland had enunciated similar views in regard to the 
(‘laments of the nitrogen group (Ann. 85 , 329 : 101 , 257 : Franldand, Experi- 
Tn(aital Researches in Pure, Applied, and Physical Chemistry, London, 1871, 
p. 147). Kolbe concurred with these ideas (compare his derivation of the organic 
compounds from the radical carbonyl Cj and carbon dioxide C2C4 — Kolbe'' s Lehr- 
buch dor organischcai Chemie, 1858, Bd. T. p. 567). The reason that they did not 
('xert greater influence upon the development of theoretical chemistry is mainly 
due to the fact that the notions of the relations of equivalent weight and atomic 
weight were not clearly defined by either of those two investigators. 

In his assumptions Kekuh* rather returned to Dumas’ mechanical types than 
to the double decomposition typos of Gerhardt. The distinction between the 
Hi Cl ) 

t ype - and ^ ' as drawn by Gerhardt did not exist for Kekule. The latter, in 

1858, said, “ It is necessary in explaining the properties of chemical compounds 
to go back to the elements which compose these compounds.” He continues : 
“ T do not regard it as the chief aim of our time to detect atomic groups which, 
owing to certain properties, may be considered radicals and thus to include the 
compounds under certain types, which in this way have scarcely any other signi- 
ficance than that of type or example formula. I am rather of the opinion that 
the generalization should be extended to the constitution of the radicals them- 
selves, to the determination of the relation of the elements among themselves, 
and thus to deduce from the nature of the elements both the nature of the radicals 
and that of their compounds ” (Ann. 106 , 136). 

The recognition of the quadrivalence of the carbon atoms and the power they 
f)08sessed of combining with each other, accounted for the existence and the 
combining value of radicals ; also, for their constitution {Kekule^ Z.c., and Couper, 
Ann. chim. phys. [3] 53 , 469). The type theory, consequently, is not, as some- 
times declared, laid aside as erroneous ; it has only found generalization and 
amplification in a broader principle — the extension of the valence theory of 
Kekule and Couper to the derivatives of carbon. 

Whilst formerly it was the custom to consider in addition to empirical formulae, 
representing merely an atomic composition of the molecule, also rational formulae 
(Berzelius), which in reality were nothing more than reaction formulae adopted 
to explain to a certain degree the chemical behaviour of a compound, Kekule 
now spoke of the manner of the union of the atoms in the molecule, by knowledge 
of which the constitution of the carbon compounds may be determined {con- 
stitutional formulce). Lothar Meyer next introduced the phrase “ linking of the 
carbon atoms''' The expression structure [structural formulce) originated with 
Butlerow. 

An application of the valency theory, which has been remarkably fruitful, is 
the Kekule benzene theory. Here for the first time there was assumed to be present 
in a carbon compound a closed carbon -chain, a ring consisting of six carbon atoms. 
The rather singular stability of the aromatic bodies is due to the presence of this 
” benzene ring.” Komer applied these views to pyridine and deduced the 
pyridine ring ; and in recent years numerous other ring-systems have been 
suggested and substantiated. 
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CHEMICAL STRUCTURE OF CARBON COMPOUNDS 

THEORY OF ATOMIC LINKING. OR THE STRUCTURAL THEORY 

Constitutional or structural formulfe are based upon the following 
principles, which have been deduced from experiment and repeatedly 
confirmed ; 

1. Th€ carbon atom quadrimlent. The position of carbon in the 
periodic system gives expression to this fact. One carbon atom can 
combine at the most with four similar or dissimilar univalent atoms 
or atomic groups : 

CH4 CF^ CCI4 

Methane. Carbon tetrafluoridc. Carbon tetrachloride, 

CHsCl CHaNHj CH,CU CHCl, 

Methyl chloride. Methylamine, Diehloromethanc. Chloroform. 

In a few compounds, such as carbon monoxide CO, the isonitriles 
or carbvlamines R'— N=-C (Ann. 270 , 2fi7) ; and fulminic acid 
HO— N=^C (Ann. 280 , 303) carbon behaves as a bivalent (‘lenient : 
compounds are known such as the triarylm ethyls, ArgC- (see Vol. II), 
in which carbon appears as a tri valent element. 

2. The four units of affinity of carbon are equal, i.c. no differences 
can be discovered in them when they form compounds. If one of the 
four hydrogen atoms in the simplest hydrocarbon, CH4, be replaced 
by a univalent atom or univalent atomic group, each mono-substitu- 
tion product will appear in but one modification. The four hydrogen 
atoms are similarly combined, consequently it is immaterial which of 
them is replaced. 

CH3CI CH3OH CH3NH3 

Chloromtdhane. Methyl alcohol. Methylamine. 

are known in but one modification each. 

The equivalence of the four valencies of carbon does not imply 
that the affinity of the carbon atom is divided into four independent, 
completely equivalent forces. The view of Claus (Ber. 14 , 432) seems 
more accurately to represent the facts. He assumed that the affinity 
with which an atom or group is attached to the carbon is primarily 
determined by the atoms or groups already attached to the carbon 
atom. The affinity available for the attachment of the hydrogen 
atoms in the compounds CH3X, CH2X2 and CHX3 is not equal in 
the tliree sub.stances, but is dependent upon the larger or smaller 
affinities of the atom or radical X (c/. Werner, Ber. 39 , 1278 : 
Tschitschibabin, J. pr. Chera. [2], 86, 381 : also Vol, II under 
hexaphenylethane). 

3 . The carbon atoms can unite with each othr. When two carbon 
atoms combine the union can occur in three ways : 

{a) The two carbon atoms unite with a single valem^e each, leaving 
the atomic group, — C — C^, with six frcic valences. 

(6) The two carbon atoms unite with two valences each, consti- 
tuting an atomic group, — C— C— , with f(jur free valences. 

(c) Two carbon atoms are united by three valences. The residual 
group — ChlC - has but two uncombined valences. 

In the first case the union of the two carbon atoms is by a single 
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bond, in the second case by a double-, and in the third case by a triple bond. 
Carbon atoms can combine with themselves to a greater degree than 
the atoms of any other elements. This gives rise to carbon nhclei, 
and carbon skeletons, which can form either open chains or closed 
chains {rings). The imcombined valences of the carbon nuclei can 
saturate or take up atoms of other elements or other atomic groups. 
This explains the existence of the innumerable carbon (compounds. 

This mutual union is indicated, according to the recommendation 
of (kmper, l)y lines. These formulae rey)resent the internal construction 
of the compounds, and are known as .structural jorniuhe : 


H 

H OH 

1 1 

H H X™ 

III 

j 

1 

1 1 

H -C— C— H 

1 1 

H C C C 

1 1 t 

1 

H 

1 1 

H H 

1 1 1 

H H H 

Methane. 

Fthyl alcohol. 

Propylainirn‘. 

H 

1 

H OH 

1 1 

H OH OH 

1 1 1 

1 

C -() 

1 

1 1 

H -C -C = 0 

1 

1 1 1 
H~-(^-C — C = t 

1 1 

1 

H 

1 

H 

1 1 

H H 

Formaldehyde. 

Acetic acid. 

Lactic acid. 


Such structural formuke have been deduced, by the help of the 
valency theory, from reactions which result in the building up and 
the breaking dow'n of carbon compounds. They express clearly the 
relations between the bonds, w’hich, in the main, determine the be- 
haviour of the substance. Those atoms w'ithin the molecule which 
are bound most directly to each other exercise the greatest influence 
on one another. But it must not be supposed that atoms, uncon- 
nected direct h" by bonds, exert no mutual influence . such structural 
formulfe give no information of their relative distances apart in space. 
In the study of reactions where halogen atoms are substituted for 
hydrogen in the molecule, it is immediately apparent that such re- 
placement takes place with vaiwdng facility. This is specially obvious 
in the case of the aromatic substances (see Volume II). Further, 
the carboxyl group reacts wdth different degrees of acidity varying 
with the individual acid. Reactions, in w'hich the loss of some atoms 
causes a single bond to become a multiple one, or the formation of 
a ring com})lex, and w'here intra-molecular atomic migration (see 
]). 4()) takes place, obviously depend on the mutual influence of atoms 
unconnected directly by bonds, as shown in the structural formulae. 

Kelail^’s valonc\' theory explains clearly th(' function of the main bonds in 
our structural formulic, but does not deal with the subsidiary action of the 
various atoms on one another in the molecule. And yet one camiot go so far 
as to say that in each atomic constellation which constitutes a molecule, every 
atom exerts a chemical influence on every other. But so much can be asserted, 
that each atom contained in the molecule of a chemical compound is bound to 
each other atom in that molecule. To illiistrafi* such attractions iliagrammati- 
cally, it would ht' necessary tt) draw a lU'tvvuk of mt<‘ratomic bonds m every 
atomic formula, 'hho greater i>r lesser strength of the bond could be indicateil 
by a thicker or finer liruc If such a diagram wc^re examined at a certain distance, 
only the thick lines — Bonds of the First Order — would be seen clearly, i.r. practi 
cally the same in appearance as the structural formula ordinarily represented. 



Extramolecular subsidiary valencies, Compounds of higher 
order,* Molecular compounds.f — Kekiile frequently expressed the 
view that, having regard to the constant valency of the elements, 
many compounds had to be described as molecular compounds. In 
his Rectorial address in 1877 he described the complex compounds 
formed by molecular attraction as molecules of higher order. The 
constitution of many organic compounds cannot indeed be satisfac- 
torily represented by the simple use of the four principal carbon 
valencies, and according to A. Werner, these molecular ” compounds 
are to be regarded as held together by subsidiary valencies emanating 
from certain atoms. The theory of organic molecular compounds is 
the logical transference from inorganic chemistry of tlie views of 
Werner on the constitution of complex compounds. From the Werner- 
Pfeiffer standpoint, the numerous well-characterized addition products 
of acids and salts with alcohols, aldehydes, ketones, etc., are repre- 
sented by the attachment of the organic component to the metallic 
atom by subsidiary links, c.g. : 



.Sn(V i^R OH 


C14SI1 


0< 


H 


/CoH. 

AlClg. (CM,),0 CI 3 AI o; 

\C3H5 


^yC:0 HCIO, 

R/ 

In so far as compounds of metallic salts with oxygen containing 
organic compounds are being dealt with, the subsidiary valency can 
be represented as between the metallic atom and the oxygen atom. 
In many cases, however, the precise origin of a subsidiary valency 
cannot be stated with certainty, and the phenomenon is regarded as 
the mutual saturation of two unsaturated affinity-fields. The addition 

products between salts and unsaturated hydrocarbons rtCl^' 

•..C2H4 

* A. Kekult^ Die wissenschaftlichen Ziele und Leistiingon der Chemie, 
18 October 1877, p. 23. 

t P. Pfeiffer, Organische Molekiilverbindungen, Stuttgart, 1927, Enke : 
Lecture, Z. angew. Chem. 1921, 34, 350. 


Simdarly : 


R- /C3H, 

1/ \C,H, 
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and the acidition compoundn l>etween polynitro oompoundH and 
hydrocarboriH or amines fall into this class, r.g. 

(^«H3(\(),),,(;,.h,(ch 3) and 

Tlie formation of mo]e(;ular (compounds is frequently associated 
with the dev(*lo])m(*nt of colour, or of dee})enin^ of f:olour (rf. Halo* 
chroiny, ]>. 

Saturated and Unsaturated Cornpounds. -SV///ym/^r/ carbon 
compounds are those in whi(di f)nly singly bourul carbon atoms occur. 
No mon* valencies are available unless tin* carbon chain is broken 
u]). rnmiurated compounds are those in which doubly or tri})ly 
bound carbon atoms exist. As a single bond is sufficient to link carbon 
atoms together, a pair of carbon atoms with double bond can tak(‘ 
u]) two additional valence units, if on(‘ of the double bonds becomes 
broken, the other remaining intact to a\a)id destruction of the chain. 
r.g. : 

H 

I 

H --C -H 

li + 2H 1 

II— C-H H-C— H 

Kthyk-np. 1 

H 

Ethane, 

Two carbon atoms, trebly linkitd, can take up four valences. The 
dissolution of the triy)lc union may proc(‘ed step by step, whereby it 
may first be changed to a double linkage and th(*n to a single bond : 

li 

I 

C— H 2H If -C -H 2H H— C— H 

III ... , I 

C -II H — CV-H II - C— H 

I 

H 

The unsaturated compounds, by the breaking down of their double 
and triple bonds and the addition of two or four univalent atoms, 
])ass into saturated compounds. 

This same behaviour is observed with many other compounds 
containing carbon and oxygen, doubly combined, =C— O (alde- 
hydes and ketones) or double and triple union of carbon and nitrogen. 
^(!=rrN— or — C N (acid nitriles, imides, oximes). They arc in the 
same sense unsaturated ; by the breaking down of their double or 
triple union they change to saturated compounds in which the poly- 
valent atoms are linked by a single bond to each other : 


H— (' () 

u 

1 

0- N 

H 

1 

1 

H _C— OH 

1 

H— C— NH„ 

H— C— H 4 - 2H 

1 

H— r— H 4 4H - 

i 

1 

H -C— H 

1 

H— 0— H 

H 

i 

H 

1 

Acetaldchydi'.. 

H 

Ethyl alcohol. 

Acetonitrile. 

H 

Ethylaminc. 

The above 

method of formulation of unsaturated compounds does 


not, without further explanation, demonstrate their most important 
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In many cases it can bo deduced from the behaviour of the substance that 
the Bonds of the Second Order exert an influence of appreciable strength. These 
bonds may be described as “ Intramolecular subaidiari/ homis.^'* 

An external sign of the presence of such subsidiary valency bonds is found 
in the absence of such chemical reactions as might be expect,ed to take place 
by analog>^ with others. Another exists in the relativ’^o ease with which a group 
of atoms can be split off, which indicates the pre-existence in the original molecule 
of such a group held together by these second-order bonds (rf. Aiischiitz, Ann. 
346, 375). In other cases the failure of a reaction to take place, which might, 
have been anticipated on the ground of analogy, is ascribed to storic hindrance, 
which implies that the substituent groups by their position hinder the access of 
the reacting substances A. Bischoff^ Ber. 23, (>20 : F. Meyer). 


Extramolecular subsidiary valencies, Compounds of higher 
order,* Molecular compounds.! — Kekulo frequently expressed the 
view that, having regard to the constant valency of the elements, 
many compounds had to be described as molecular compounds. In 
his Rectorial address in 1877 he described the complex compounds 
formed by molecular attraction as molecules of higher order. The 
constitution of many organic compounds cannot indeed be satisfac- 
torily represented by the simple use of the four principal carbon 
valencies, and according to A. Werner, these “ molecular ” compounds 
are to be regarded as held together by subsidiary valencies emanating 
from certain atoms. The theory of organic molecular compounds is 
the logical transference from inorganic chemistry of the views of 
Werner on the constitution of complex compounds. From the Werner- 
Pfeiffer standpoint, the numerous well-characterized addition products 
of acids and salts with alcohols, aldehydes, ketones, etc., are repre- 
sented by the attachment of the organic component to the metallic 
atom bv subsidiary links, e.a. : 

.0<S 

SnCl^, 2R-OH - CbSn 


AICI3, 


Similarly : 



/C3H, 


C1,AI O 


Nc.Hs 



HCIO, 


In so far as compounds of metallic salts with oxygen containing 
organic compounds are being dealt with, the subsidiary valency can 
l)e represented as between the metallic atom and the oxygen atom. 
In many cases, however, the precise origin of a subsidiary valency 
cannot be stated with certainty, and the phenomenon is regarded as 
the mutual saturation of two unsaturated athnity-fields. The addition 

•KCM 

products between salts and unsaturated hydrocarbons lately 

•C2H4 

* A. Kekult, Die wissenschaftlichcn Ziele und Leistungon dor Chemie, 
18 October 1877, p. 23. 

t P. Bfeiffer, Organiijche Molekiilverbindungon, Stuttgart, 1927, Enke ; 
Lecture, Z. angew. Chem. 1921, 34, 350. 
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and the addition compounds between polynitro compounds and 
hydrocarbons or amines fall into this class, e.g. 

CflH3{N()2)3,CaH,(CH3) and C«H 3 (NO,) 3 ,C«H.NH, 

The formation of molecular compounds is frequently associated 
with the development of colour, or of deepening of colour (cf. Halo- 
chromy, p. 53). 

Saturated and Unsaturated Compounds. — Saturated carbon 
compounds are those in which only singly bound carbon atoms occur. 
No more valencies are available unless the carbon chain is broken 
up. Unmturated compounds are those in which doubly or triply 
bound carbon atoms exist. As a single bond is sufhcient to link carbon 
atoms together, a pair of carbon atoms with double bond can take 
uj) two additional valence units, if one of the double bonds becomes 
broken, the other remaining intact to avoid destruction of the chain, 
e.g. ; 

H 

1 

H— C— H 

I 

H— C— H 

I 

H 

EthaJH*. 

Two carbon atoms, trebly linked, can take up four valences. The 
dissolution of the triple union may proceed step by step, whereby it 
may first be changed to a double linkage and then to a single bond : 

H 

1 

C— H 2H K~C— H 2H H— C—H 

III ----- . _> !, - . I 

C-H H— C— H H— C—H 

1 

H 

The unsaturated compounds, by the breaking down of their double 
and triple bonds and the addition of two or four univalent atoms, 
y)ass into saturated compounds. 

This same behaviour is observed with many other compounds 
containing carbon and oxygen, doubly combined, — C=0 (alde- 
hydes and ketones) or double and triple union of carbon and nitrogen, 
— :C=:rN — or — C - N (acid nitriles, imides, oximes). They are in the 
same sense unsat urated ; by the breaking down of their double or 
triple union they change to saturated compounds in which the poly- 
valent atoms are linked by a single bond to each other : 




\\ 



H 

H— (' 

1 

() 

1 

H -C— OH 

t N 

1 


1 

H— C— NHo 

H-C- 

1 

-H } 2H 

I 

H -C— H 

H - C i 

r 4H 

1 

H— C— H 

H 


1 

H 

H 


1 

H 

Acetaldehyde. 

Ethyl alcohol. 

Acetonitrile. 


Ethylamlnr. 


The above method of formulation of \insaturated compounds does 
not, without further explanation, demonstrate their most imx)ortant 


H— C-H 

il + 2H 
H— C— H 
Ethylene. 
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property, their unsaturation and their ability to form addition 
compounds. 

Thiele has attempted (Ann. 306, 87 : 319, 132) to overcome the 
difficulty of representation of unsaturatod compounds by the assump- 
tion that in them the carbon atoms are actually joined by two or 
three valencies, but that the available affinity is not fully used up, 
and that there therefore remains the excess of affinity, the so-called 
"partial vaknep,'' on each carbon atom. These partial valencies are 
responsible for the unsaturated nature of the compounds, and permit 
of addition reactions, the addendum being initially attached by means 
of the partial valency, and then, b}" rupture of the double bond, the 
ordinary addition product being formed, e.g. : 

HjC Br Hr H^C— Br 

ji I >. II I ► I 

HoC Br HjjC Br HjC— Br 

Substances containing adjacent double bonds, such as butadiene 
CHg : CH-CH : CHo, frequently form addition compounds in an un- 
usual way, the addenda being attached to the two terminal groups 
instead of at one double bond, the product being CHgX-CH : CH-CHaX. 
Such a system of double bonds is referred to as a “ conjugated system 
and the mechanism is explained by Thiele as follows. The two par- 
tial valencies on the middle carbon atoms of the system neutralize 
each other, those on the terminal atoms, where addition takes place, 
remaining free : 

CH2=CH-CH-CH2. 

Examples of addition to a conjugated system are : 

CHj : CH-CH : CH^ 2Br ► CH 2 Br CH : CH-CH^Br 

(Chief prod net.) 

COjH CH : CH-CH : CH-CO.H - 2H > CO,H CH, CH : CH CHj COsH 

Mucunic arid. Dihydromuconic arid. 

(C/. also Baeycr, Ann. 251, 271 (Dihydroterephthalic acid).) 

Although many experimental facts cannot at present be brought 
into line with this conception, and the problem of the unsaturated 
compounds i« by no means entirely solved by Thiele's theory of 
partial valencies, the idea has been of great assistance in the under- 
standing of the behaviour of aromatic nuclei, especially of the ben- 
zene derivatives [cj. further, Hinrichson, 7i. physik. Chem. 31, 304 : 
Ann. 386, 168 : Chera. Ztg. 33, 1097 : StrausSy Ber. 42, 2866 : Borsche, 
Ann. 375, 147 : Tschitschibabin, J. pr. Chem. [2], 86, 381 : Compre- 
hensive references, see Henrichy Theorien der organischen Chemie, 
5. Aufl. 1924, Vieweg). 

A further tyj>e of un.saturated compound must be referred to in 
which a single carbon atom is regarded as being di- or tri valent (Ann. 
298, 202). Examples are : 

-C=0 C==N = OH 

CATbon Ethyl Fulmlnlc Triphenylmcthyl. 

znonoride. uocyanlde. add. 



ELECTRONIC THEORY OF VALENCY 


29 


ELECTRONIC THEORY OF VALENCY 

Se(‘ Sidgwicic, Electronic Theory of Valency, Oxford, 1927. 

The modern ideas on valency really date from the independent 
publications ()f Kossel (Ann. der Phys. 49, 229) and (L N. Lewis 
(J.A.C.8. 38, 762) in 1917. 

They are based upon the conception of the at(ma as composed of 
a nucleus, positively charged, surrounded by a swarm of electrons 
negatively charged. The nucleus is composed of a number of pro- 
tons (units of positive electricity) together with a less number of 
electrons in close association with them. The requisite number of 
electrons to ensure electrical neutrality surround this nucleus. Thus 
carbon possesses a nucleus consisting of twelve protons and six elec- 
trons, and there are six electrons moving in orbits round the nucleus. 
For simplicity, these electrons may be regarded as moving in one or 
more concentric; spheres or shells round the nucleus. It is found 
that if a shell contains two or eight electrons (for the simpler elements) 
it is stable or complete, but if an atom contains a different number 



CARBON 


NEON 


Fig. 9. — Diagrammatic representation of structure of helium, carbon and 
noon atoms (not to scale;. 


it attempts to complete its outer shell, either by taking up electrons 
from other atoms or by giving up to other atoms the electrons it 
possesses in excess of the ideal number. These additional electrons 
are known as valency electrons and are comparatively easily removed. 
In the case of carbon already referred to the six external electrons are 
arranged as a “ complete ” shell of two electrons and four valency 
electrons (see diagram). The inert gases, helium, neon, argon, etc., 
possess no valency electrons ; their electrons are all in complete shells 
and the elements are therefore chemically inert. 

The nucleus + the complete shells of electrons surrounding it is 
known as the core of the atom : the electrons in the core take no 
part in chemical reactions. See Fig. 9. 

Kossel and Lewis assumed that the cause of chemical combination 
is the tendency of the electrons to redistribute themselves among the 
atoms combining so as to form the more stable arrangements which 
occur in the inert gases. 

The atoms with which we are particularly concerned in organic 
chemistry are hydrogen, possessing but one electron, and carbon, 
nitrogen and oxygen, possessing respectively four, five and six valency 
electrons, in addition to two in the inner shell (and others in the 




The atoms in the middle groups of the periodic table show less 
tendency to the formation of ionic links, and Lewis in the paper 
referred to made the suggestion that it was possible for an electron 
to be shared between two atoms, so as to contribute towards the 
stability of both. On this view, the electronic constitution of methane 
can be represented as 

H 

H : c : H 
H 

one of the electrons in each bond being contributed by the hydrogen 
atom and the other by the carbon. 

The above give examples of the two types of valency described 
by Langmuir as electrovalency and covalency, the electrovalency 
where one atom loses an electron to another atom, and the covalency 
where the two atoms mutually share two electrons, each contributing 
one. 

So far this has d(me no more than replace an ordinary valency 
bond represented by a line b\ iwo dots representing two electrons, 
but Le\^is put forward the new conception that it was possible for 
two atom® to share two electrons, both having been contributed by 
one atom. Thus compounds such as the sulphoxides or amine oxides 
can be represented as : 

K K 

X • • • X • • • 

K ; N ; : o ; — *■ k ; n ; o ; 

. X • • . X • • 

K It 

instead of by the ordinary formula with a doubles bond between 
sulphur or nitrogen and oxygen. 

If the com}X)und8 are represented as containing an ordinary double 
bond, the nitrogen or sulphur atoms will be surrounded by a shell 
of ten electrons, which is a much less stable state than that of eight 


XX XX 

It ; s ! It It %s ; R 

X X X X 

: 0 : 

: o : 
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..Uctroiis. Till- forninlii' of flu; connKMjnfjH „„ tf,,. , 

dinihlc iHind an> K»v<ni (h-I<,w. (In tln-H,. {,>r, V 
IW .■te'to.i, . J,, o,„ 

cuiU-d by a IboKc. In.m other elements by • for clarity, hut it must 
he clearly viiukTHiiMKl that when one<* the*, (^emtKinnci Ih formed, there 
is no (iifttinclion V)etw'een llie two electvouH ■. the yiairs ^ • are held 
jointly by the two atoniH and it cannot be said that belongs to 
one and • to the other atom.) It should be noted that in both methods 
of formulation for the amine oxidcis or sulphoxides the total number 
of electrons is the same ; the distribution alone is different. 

H ^ ^ 

K . . . K ; S ^ R 

R ; N ^ O ; • 

.xf . . O . 

R 

Amine oxide. Sulphoxide. 

(Ifepreficnted as containing ordinary double bonds.) 


The type of linkage where both electrons are contributed by one 
of the participating atoms is described as a co-ordinate covalency 
(Sidgwick) or a semipolar double-link (Lowry) and is conventionally 
represented by various symbols. Thus trimethylamine oxide may be 
represented as follows : 

(CH3)3N (CH3)3N iz:i± O (CH3)3X ► O 

(I) (11) (HI) 


The symbol represented by (IIT) will be used in this book wherever 
it is necessary to refer to a co-ordinate link. 

It may be suggested that this conception of a co-ordinate link 
is purely theoretical and has no basis in fact, but its assumption 
affords an explanation fur certain phenomena inexplicable on the 
older views, and a consideration of the parachor (p. 77) gives strong 
evidence in support of the hypothesis. 

A sulphoxide represented by the classical formula ^ = O 

should be incapable of optical activity, whereas the compound 
CH 3 *SO'CcH 4 COOH has actually been resolved by Harrison, Kenyon 
and Phillips (J.C.S. 1926 , 2079). If the compound is represented as 

containing a semipolar or co-ordinate link ^ 

three sulphur valencies be assumed as directed towards three of the 
corners of a tetrahedron, this optical activity is to be expected. 

Similarly, the amine oxides R^R^R^N — are resolvable when 
R‘, R2 and are different, and this is readily explicable on the 
basis of a tetrahedral arrangement of the groups round the nitrogen 
atom. 

If we compare an ionized compound with one containing only 
covaleneies, the following contrasts are observed. The ionized com- 
pound is volatile only wdth difficulty, and is, in general, soluble only 
in solvents of a high dielectric constant, and its solution is a con- 
ductor of electricity. The covalent compound, on the other hand, is 
more volatile, soluble in liquids of low dielectric constant, such as 
benzene, and its solution is non-conducting. Further, a co valency, 
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nucleus). The hydrogen atom attempts to take up a more stable 
configuration either by giving up its electron and becoming a hydrogen 
ion, or by acquiring another and adopting the stable arrangement 
met with in helium. Carbon, nitrogen and oxygen tend to take up 
respectively four, three and two additional electrons, to form th(‘. 
stable octet possessed by the inert gas neon. 

For example, hydrogen and chlorine combine to form hydrogen 
chloride, the hydrogen atom parting with its electron, which is then 
taken up by the chlorine atom, already possessing seven valency 
electrons, to complete the stable octet arrangement in its outer shell : 
the hydrogen thus acquires a positive charge and the chlorine a nega- 
tive. This is an example of an ordinary ionized linking. 

H- i .Cl: » [H]+|^:ci: 

The atoms in the middle groups of the periodic table sliow less 
tendency to the formation of ionic links, and Lewis in the paper 
referred to made the suggestion that it was possible for an electron 
to be shared between two atoms, so as to contribute towards the 
stability of both. On this view, the electronic constitution of methane 
can be represented as 

H 



H : c : H 


H 

one of the electrons in each bond being contributed by the hydrogen 
atom and the other by the carbon. 

The above give examples of the two types of valency described 
by Langmuir as electrovalency and covalency, the electrovalency 
where one atom loses an electron to another atom, and the covalency 
where the two atoms mutually share two electrons, each contributing 
one. 

So far this has done no more than replace an ordinary valency 
bond represented by a line b> two dots representing two electrons, 
but Lc'wis put forward the new conception that it was possible for 
two atoms to share two electrons, both having been contributed by 
one atom. Thus compounds such as the sulphoxides or amine oxides 
can be represented as : 

R R 

r;xj ^ o : — >R rxjo: 

.X • • . X • • 

R R 

instead of by the ordinary formula with a double bond between 
sulphur or nitrogen and oxygen. 

If the compounds are represented as containing an ordinary double 
bond, the nitrogen or sulphur atoms will be surrounded by a shell 
of ten electrons, which is a much less stable state than that of eight 


r;s!:r r^’s;r 

XX XX 



: o : 
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electroriH. The formulae of the compounds on the basis of an ordinary 
covalent double bond are given below. (In these formulae and those 
above, the electrons contrilDuted by the nitrogen or sulphur are* indi- 
cated by a those from other elements by • for clarity, but it must 
be clearly understood that when once the compound is formed, there 
is no distinction between the two electrons : the pairs are held 
jointly by the two atoms and it cannot be said that ^ belongs to 
one and • to the other atom.) It should be noted that in both methods 
of formulation for the amine oxides or sulphoxides the total number 
of electrons is the same : the distribution alone is different. 


R 

R ; N ; 0 : 

• X • 

R 


R;s^ R 

X • X • 
. 0 . 


Amine oxide, Sulphoxide. 

(Represented as containing ordinary double bonds,) 


The type of linkage where both electrons are contributed by one 
of the participating atoms is described as a co-ordinate covalency 
(Sidgwick) or a semipolar double-link (Lowry) and is conventionally 
represented by various symbols. Thus trimethylamine oxide may be 
represented as follows ; 


(CH3)3N --() ii:i± O (CH3)3X ^ O 

(I) (II) (HI) 

The symbol represented by (III) will be used in this book wherever 
it is necessary to refer to a co-ordinate Unk. 

It may be suggested that this conception of a co-ordinate link 
is purely theoretical and has no basis in fact, but its assumption 
affords an explanation for certain phenomena inexplicable on the 
older views, and a consideration of the parachor (p. 77) gives strong 
evidence in support of the hypothesis. 

A sulphoxide represented by the classical formula = O 

should be incapable of optical activity, whereas the compound 
CH3'S0-C(5H4C00H has actually been resolved by Harrison, Kenyon 
and Phillips (J.C.S. 1926 , 2079). If the compound is represented as 

OO H’C H 

containing a semipolar or co-ordinate link ^ 

three sulphur valencies be assumed as directed towards three of the 
corners of a tetrahedron, this optical activity is to be expected. 

Similarly, the amine oxides R^R^R^N— >0 are resolvable when 
R^ R2 and R^ are different, and this is readily explicable on the 
basis of a tetrahedral arrangement of the groups round the nitrogen 
atom. 

If we compare an ionized compound with one containing only 
covalencies, the following contrasts are observed. The ionized com- 
pound is volatile only with difficulty, and is, in general, soluble only 
in solvents of a high dielectric constant, and its solution is a con- 
ductor of electricity. The covalent compound, on the other hand, is 
more volatile, soluble in liquids of low dielectric constant, such as 
benzene, and its solution is non-conducting. Further, a covalency, 
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where the orbits of the two electrons are in some way jointly related 
to the two atoms may have a directional factor, thus accounting for 
tlu' phenomena of stereoisomerism. An ionized link cannot have any 
directional effect and, in fact, t he asymmetry of a teti-aalkylammonium 
salt. NR^R^R’’^R'*X, is due entirely to tiie four alkyl groups attached 
to the nitrogen, and is tetraliedral in arrangement, exactly like an 
asymmetric carbon atom. 

In some ways compounds containing co-ordinate covalencies occupy 
a position intermediate between ionized and covalent compounds, 
particularly in respect of their volatility. A compound containing 

yC) 

a co-ordinate link, such as a nitro compound H Nt is much less 

O 

volatile than an isomer containing only covalent links such as a 
nitrite, R O X : O, r.g. nitroethane boils at 114\ whereas ethyl nitrite 
boils at 17". 

Radicals, Residues, Groups.- — Atomic complexes which remain 
unchanged through a series of reactions are referred to as radicals, 
residues or gi-oups. According to their combining ability, one speaks 
of monovalent, divalent and trivalent radicals, the following examples 
being derived from methane : 

CH 4 — CH, CH 2 ^CH 

Methane, Methyl, Methylene. AleLhcnyl or Methine, 

saturaU’^l. univalent radical. divalent radical. trivalent radical. 

If such radicals are isolated from existing compounds, e.g, the 
halogen derivatives, then two of them unite to form a molecule : 

CH 3 I CH 3 

-h 2Na = 1 -f 2Nal 

CH,I CHa 

CHjI, CHa 

-f 4Cu — -f- 2 Cii,l 2 

CHjIa CH 2 

CHCI3 CH 

-{- 6 Na = ij + 6 XaCl 
CHCb CH 

Or, an atomic rearrangement may occur with the production of 
a molecule of the same number of carbon atoms : 

CHCb CH 2 / CH - \ 

4 - 2Xa — , ( instead of ) 2NaCl 

CH3 CHjV CH2 / 

Evidence of the transitory existence of free nidic.al.s has recently been obtained. 
By heating tetraethyl lead at a low pre.ssure in a stream of hydrogen, free ethyl 
is formed and yields volatile organic metallic compounds when passed over zinc, 
antimony, cadmium (Her. 55, 2H89 : Ann. 446, 31, 49: Naturw'issoriHchaften, 
1930, 18, 307 : Nature, 1930, 125, 504). Free radicals are much more easily 
formed among the aromatic compounds: rf. triphenylrnothyl, etc. (Vol. 11): 
see also tetriiethylarnmonium (p. 187). 

The expressions residue and group are similar to radieal. They are chiefly 
applies! to inorganic radicals, e.g. : 

— OH hydroxyl group, 

— SH sulphydryl group, 

— NHj ammonia residue or amino group, 

X'H irnino group, 

— NO 2 nitro group, 

— NO nitroso group. 
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Homologoufi and Jtiologous *S?eric«.~Schiol, in 1842 (Ann. 43 , 107 : 110 , 141), 
directed attention to the phtMiornenon of homology, giving as evidence the alcohol 
radicals, and was followed shortly after by Dumas, who observed it in the fatty 
acids. Gerhardt introduced the terms lionvolocjons and iHologouft serir.s, and showed 
the r6le these series played in the classification of the carbon derivatives. It 
was the theory of atomic linking that first disclosed the cause of homology. 

The different kinds of linkages between the carbon atoms shows 
itself most plainly among the hydrocarbons. By removing one atom 
of hydrogen from the simplest hydrocarbon, methane, CH 4 , the re- 
maining univalent group, CH3, can combine with another, yielding 
CH3 — CHg, or CgHo, ethane or dimethyl. Here, again, a hydrogen 
atom may be replaced by the group CH 3 , resulting in the compound 
CH 3 — CHg — CH3, propane. The structure of these derivatives may 
be more clearly represented graphically : 


H 

H H 

1 1 

H H H 

I 

H— C— H 

1 

1 1 

H— C -C _H 

1 1 

1 1 1 

H- C— C — C— H, etc 

1 1 1 

1 

H 

1 1 

H H 

1 1 1 

H H H 

CH4 


C\H, 

Methane. 

KUiaiK*. 

Propane. 


By continuing this chain-like union of the carbon atoms, there 
arises an entire series of hydrocarbons : 

C^Ha -CHg - CH2— ( Ha GH3 --CH2— CH2— CH2— CH3, etc. 

Sutaue. I’fiitarK'. 

Such a series of bodies of similar chemical structure and corre- 
sponding in chemical (diaracters is known as a homologous series. 

The comj)ositi()!i of such a homologous series can be expressed by 
a general empirical or rational formula. The series formula for the 
marsh gas or methane hydrocarbons is li- 

Each member differs from the one immediately preceding and the 
one following by The ])henoinenon of homology is therefore 

due to the linking ])ower of tiie quadrivalent carbon atoms. 

Recently evidence has been obtained by physical methods, largely 
based on X-ray spectroscopy, that in many long carbon chains the 
carbon atoms are arranged in a zig-zag manner, the angle formed by 
three carbon atoms approximating to the tetrahedral angle, but 
sometimes diverging from it. See Proc. Phvsical Soc. 35, 2(19 : J.C.S. 
123, 2043, 3152, 3151): 1926, 2310: Nature, 119, 50: Z. phvsik. 
Chem. 128, 203: Proc. Roy. Soc. [A] 124, 317: J.C.S. 1929,^234. 

This zig-zag arrangement probably accounts for many of the 
examples of alternation of physical properties between odd and even 
members when ascending a homologous series. 

Tu addition to IIk' homologous .scrit's of tlu* saturated marsh-ga.s type, there 
are a larg(‘ iiumh(‘r of otluM- sueh series, of which the simplest are those of th<‘ 
nionohyffroxy-alcohols, the aldt'hydes and inonocarboxylic acids. 

(’H4O Methyl alcohol 0112^) Formaldehyde CHgOa Formic acid 

Kthyl alcohol C2H4O Acetaldehyde C2H4()2 Acetic acid 

CgHgO Propyl al(;ohol GaH,,!) Propionaldehytie CsHgOa Propionic acid 

CiHjqO Butyl alcohol G,Hj,0 Hutyraldehytle G4H8O2 Butyric acid 

etc. etc. etc. 
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Carbon oornpounbs, cluMnically similar, but (lifTc'ring from oaoli other in (^om- 
pnsitit)n by a difforenee (nlier than /jCHo. r.f/. the saturated and unsaturateti 
ilydroearbon^. form isol(»ji>ns series, aeeordinp to (lerliardt ; 

an, 

C3H4 


Isomerism ; Polymerism ; Metamerism. — Tlie view onee 
]uevailed tliat bodies of different pro])erties must neeessarily possess 
a different c‘om])osition. The first earl)on eompouiuls showing that 
this o]>iiiioii was erroneous were disi*overed in l^<20. 

L'ubig. in lS2d. demonstrated that silver eyanate and fuhninate 
were identieal in eom])osition. In 1S2S Wohlrr c'hanged ammonium 
eyanate to urea, and in ISlfO Bo'zdivs established the similarity of 
tartarie acid and raeemie aeid. and designated as i.^omrrs (/Vo/zre/yc, 
eomposed of similar ]nirts) bodies of similar eom]>osition hut different 
in ])ro})erties. A year later he distinguished two kinds of isomerism, 
viz. ; isomerism of bodies of different moleeular mass — pohpm ri'^m ; 
and bodies of like moleeular mass — hk i<nn( risin : at the present time 
tlie term is usually restrieted to the latter kind, and is 

usually employ(‘d in plaee of the term nudamerism. 

Xumerous isomeric earbon derivatives wen* dis(*overed in rayiid 
sueeession : lienee, an answer to the question as to what eauses iso- 
merie ])henomena acquired im]>ortaiU‘e for the d(‘velopment of organic 
chemistry. The dee]KM‘ insight into the structure of carbon com]>ounds, 
which was gradually attained, gave ris(‘ in consequence to a further 
division of metameric phenomena. 

The ex])ression was em])loy(‘d to designate that kind of 

isomerism whic h is due to tlie homology of radicals held in combina- 
tion l)y atoms of higher val(*nc(*. If the homologous radicals are 
joined by polyvalent ehunents. then tho.se com]X)unds an' UK'tameric, 
in which the >uni of the ek‘im*nts contained in the radicals is the 
same (H may be viewed as tlu' sim])lest radical) : 


<) is nj<'tarn<*ri<- willi 

i:th\i airulif,!. 


i'H, 

(’H3 


0 


Mrni>l ohrr. 


0 
lA ' 

Prof;}! 


i-; HM-tarncric with 


(’dt3, 

(dij 


0 


lit h,\ Imct liyl 
ct h»M . 


Cdf,, 

n X 

ii i 

Pf h>laiiiiii*'. 


is JiH‘t iUlHM-ir* willi 


i'H, 


( li.. X 
li I 


niiiM-thylaiiiin*' 




I 


H X 
H > 


l'ropylaijjif)» , 


is met aiu<*ri<- wilb 


(’lb, X 
Hi 


Kthylincl hyj- 
aiiiiiH-. 


aiai 


CM, 


('ll, X 
CH3I 


'rriiniMliyl- 

iiiiiiiic. 


The constitution of the radicals in this division was disregarded; 
the type formula* were sufficiently explanatory. VV(^ have recognized 
the power of the quadrivalent earbon atoms to unite in a chain-like 
rnanner as tlu* cause of homology, and to tliis cause may be attributed 
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other ])hetioniena of iHomeriKm, wliicth are not properly included under 
metamerism. 

In deducing the formuhe of thc^ five sim[)lest hydroeaid)ons 'of the 
homologous series 2 , the formula for ethane, was de- 

velo})ed from that of methane, (‘H 4 , and that of propane CH 3 CH 2 -CH 3 
from the formula of ethane C^Hg. In the ease of propane intf rrmdiatf'. 
and terniitial carbon atoms can ]>e distinguished. The former are 
attacihed on either side to two other carbon atoms, still j)ossessing two 
valency units which are saturated by two hydrogen atoms. The ter- 
minal carbon atoms (jf the chain are linked to three hydrogen atoms. 

With the next member of the scries we obs(^rve a difference. Above 
(p. 33), the facd that a hydrogen of the terminal methyl group of 
propane was replaced by methyl was the only condition considered. 
This led to the formula CH 3 *CH 2 *CH 2 ‘CH 3 . However, the CH 3 -group 
might replace a hydrogen atom of the intermediate CH 2 -group, and 

CH3CHCH3 

then the result would be the formula . In this hydro- 

CH, 

carbon there is a branched carbon chain. The hydrocarbon with a 
continuous chain is termed normal biiUun ; its isomer is i^obutanc, 
i.c. isomiric butane. 

Theoretically, by a similar deduction, the two butanes 
CH3-CH2--CH2- CH;, CH3CH(CH3)2 

Ndniial butane. /xoButane. 

yield three isomeric pentan(‘s which are actually known. 

(’II3 

I 

•’ Nonual pentan,-.“ ..^23 3 ^ . 

CII3 C’H3 

esoCfiitaiie, Tetratuet Myliuethaiie. 

Th(‘ number of possible isomers increases rapidly with the increase 
in carbon atoms (Her. 27, R. 725 : 33, 2131). 

The origin of isomerism in the homologous parailins, as in so many 
other cases, is the different constitution of the carbon chain. The 
isomerism caused by a difference in linking, by the different structure 
of the carbon nucleus oi* the carbon chain, is termed nneUdrS or chain 
ifSo/nerifSni . 

The investigation of the substitution juoducts of the paraffin 
hydrocarbons brings to light another kind of isomerism. The prin- 
ciple of similarity of tlie four valences of a carbon atom (}). 24) renders 
possibl(‘ but one monochloi’o-substitution product of methane and 
ethan(‘. Tlie same consideration which heretofore recognized the 
possibility of two methyl substitution products of propane (the two 
l)utanes |>ossible by theory) leads to the possibility of two monochloro- 
])ropanes, dependent u})on whether the chlorine atom has replaced the 
hydrogen of a terminal or intermediate carbon atom : 

C 4 l 3 ( Ho CHoCl CH3 CHCI CH., 

.Normal projiyl chloride. ovol'ropyl chloride. 

If two hydrogen atoms of one of the carbon atoms of ju-opane 
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be replaced by an oxygen atom, ilie following case of isomerism 
arises : 

CHa-CHsCHO CH3COCH;, 

l‘roplouald('hy<lo. Acrtonr. 

In the case of the two known chloropropanes, and also in the case 
of propionaldehyde and acetone, the canse of the isomerism is not due 
to difference in constitution of the carbon chain, but to the different 
position of the chlorine atoms with reference to the oxygen atoms of 
the same carbon chain. Isomerism, induced by the different arrange- 
ment or position of the substituting elements in the same carbon cliain, 
is designated place or position isomerism. 


STEREOISOMERISM 

The theory of atomic linking not only revealed an insight into 
the causes of the imiumerable isomeric phenomena, but predicted 
imknown instances and determined their number in a very definite 
manner. In many cases isomeric modifications, possible by theory, 
were discovered at a later jieriod. For certain isomers, however, at 
first few in number, the structural formulae deduced from their syn- 
thetic and analjTical reactions were insufficient, inasmuch as different 
compounds were knovm, to which the same structural formula could 
be given. The greatest similarity in reactions indicative of the struc- 
ture was combined with complete difference in physical properties 
of the compounds belonging in this class. The tendency at first 
was to designate such bodies physical isomers, meaning thereby an 
aggregation of varying complexes of chemically similar molecules. 

The follo\^nng groups of such isomers have been well investigated : 

HOHCCOJi 

1. The foKC si/mnn trical dihydroxy succinic acids : 1 , the 

HOHCCOjH 

ordinary or dexiru-VdiX^nc acid, and racemic acid, which were ])roved 
to be isomeric in 1830 by Berzelius (see p. 34), and tartaric and 
the inactive or tartaric acids which were add(*d later, through 
Pasteur’s clas.^sic researches. 

CHCO,H 

2 The tivo symmetrical ethyUmdiairboxylic acids : ii , f\i- 

marie and maleic acid. 

3. The three oL-hydroxypropionic acids : CH 3 *('H(OH) C()oH — 

inactive lactic acid of fermentation, sarcolactic acid, and /aw-lactic 
acid, which was added later. 

Substances are included among these compounds, whicdi when 
liquefied, either by fusion or solution, rotate the {)lane of polarization 
either to the right or left. The direction of deviation is indicated by 
prefixing ‘‘ dextro ” or laevo ” or ( + )- or ( — )- to the name of the 
bodies thus acting. Such carbon compounds are * optically active ” 
(p. 68), in contradistinction to the other almost innumcMable deriva- 
tives which exert no influence on polarized light and are “ optically 
inactive ” or '' inactive.” 

A direct synthesis of opticafiy active carbon compounds has not 
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yet been achieved except by the use of enzymes (Fermentforschung, 
5, 334 ; see also asymmetric S 3 mthe 8 i 8 , p. 71), although Ojgtically 
inactive bodies have been synthesized. Pasteur discovered methods 
by means of which the latter can be resolved into their components, 
which rotate the plane of polarization to an equal degree but in 
opposite directions. Upon splitting sodium -ammonium racemate into 
sodium -ammonium Icevo- and tZex^ro- tartrates, Pasteur observed that 
the crystals of these salts showed hemihedrism ; that they were as an 
object to its mirror-image ; and that equally long columns of equally 
concentrated solutions of these salts, at the same temperature, 
deviated the plane of polarized light to an equal degree in opposite 
directions. 

In 1860 Pasteur expressed himself as follows upon the cause of 
these phenomena — upon molecular asymmetry : Are the atoms of 

the (fex^ro-acid grouped in the form of a right-handed spiral, or are 
they arranged at the angles of an irregular tetrahedron, or are they dis- 
tributed according to some other asymmetric arrangement ( We 
know not. Undoubtedly, however, we have to do with an asymmetric 
arrangement, the images of which cannot mutually cover each other. 
It is not less certain that the atoms of the /crro-acid are arranged in 
opposite order.” In 1873 J. Wislicenus added the following com- 
ment to the evidence of similar structure in the optically inactive 
lactic acid of fermentation and the optically active sarcolactic acid : 
“ Facts compel us to explain the difference of isomeric molecules of 
like structural formula by a difference in arrangement of the atoms 
in space.” How the configuration in space of the molecules of carbon 
com})ounds was to be represented was answered almost simultaneously 
and independently of each other by van 7 Hoff and Le Bel (1874) 
(Ber. 26, R. 36), by the introduction of the hypothesis of the asym- 
metric carbon atom. This hypothesis is the basis of the chemistry 
of space or stereo-chemistry of the carbon atom. 

The hyj)othesis of an asymmetric carbon atom * is designed to 
explain optical activity and the isomerism of optically active carbon 
compounds. 

Whilst the theory of atomic linkage abstains from any representa- 
tion of the spacial arrangement of the atoms in a molecule, experience 
gathered from the investigation of simple carbon compounds shows 
that definite spacial relations do not harmonize with actual facts. 
Assuming that the four valences of a carbon atom act in a plane and 
in perpendicular directions upon each other, the following possible 
isomers for methane are evident : 

No isomers of the types CHgR' and CH(R^);, 

Two „ „ „ CH,(Ri).„ CH 2 RIR 2 , CHR2(R1)3, 

Three „ „ „ CHR^R^R^. 

* Paateur : Hoc hcrches sur la dissym^trie mol^oulaires dos produits orgemiques 
naturols. Lo(,‘ons cl(' chiniio profe88<?*e8 en I860. Paris, 1861. J. H. van 't 
Hoff: Dix amides dans I’hist-oire d’une thtSorie, 1887. K. Aiiivers : Dio Ent- 
wickolung dor Storoochemio, Heidelberg ,1890. -4. HafUz/<ch : Grundrias der 

Stereochemie, Breslau, 1893. C. A. Bischoff : Handbuch der Stereochemie, 
1893, together with, Materialien der Stereochemie, 1904. Wemer : Lehrbuch 
der Stereochemie 1904. JP. Walden : Lecture, Ber. 58, 237. 
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Methylene iodide, for example, should ap])ear in two isomeric 
modifications 


H H 


aiul H-C I 


H 


I 


However, two isomers of a single disuhstitution ])rodiiet of 
methane liave never been found ; consequently, it is very improbable 
tliat the four athnities of a carbon atom are disposed in the manner 
indicated above. The carbon atom models of Kekul('‘ represent the 
carbon atom as a black spliere and the quadrivalence of it by four 
needles of equal length and firmly attached to the sphere, which 
Baeyer has called axes. These needles are not ])erpendicular to each 
other, nor (h^ they lie in the same ])lane, but are so arranged that 
planes placed about their terminals produce a regular tetrahedron 
{Z. f. Ciiem. (18b7) N. F. 3, 21b). 1’^// generalizations are 

based upon this model, about which fundamental considerations will 
be more fully (levelo])ed in the following ])ages. 

On the assumption that the affinities of a carbon atom are directed 
towards the summits of a regular tetrahedron, in the centre of which 
is the carbon atom, there would be no imaginable isomers coinciding 
with CH,(Ri),, CH JFR^ ('HR‘-{RM 2 ^ *>ut a case such as (^HRiR‘*^R=‘ or 
the more general CRHI’R'dl^ — an iso?neric ]>henomenon of peculiar 
nature — might be predicted. A carbon atom of this description, con- 
nected with four different univalent atoms or atomic groups, van ’t 
Hoff has designated an af^yiinndric carbon afoin. 

If a compcuind contains an asymmetric carbon atom we can 
conceive of its existence in two isomeric modifications, the one being 
an image of the othei- : 



suggested by Kekule, \ an ’t HoU, and others, t lain by their projeetion upon the Hal 
su.rfar;e of paper. Van ’t Hoff introdueed tetraliodron rnodf'ls in which the solid 
angles were eo'oured ; this was to represent and indi(*ate dilTc'ivnt radicals. They 
lack this adv.*ntage, possessed by the K<‘kuh': model, that the (rarbon atom has 
entirely dLsappeared from the model. It must he imagined as bfang in the centre 
r>f the tetraliedrfai, and in projections of these models (se<5 above) the radi(uilK an^ 
united to each other by lines, the latter, however, not in any sense repr(*s(Mit,ing 
a chemical union. 


In the left tetrahedron the suceessiv^e series RHl^R'^ proceeds in a 
direction directly opposite to that of the hand of a watch, whilst in 
the right tetrahedron the course coincides with that of the hand. The 
two figures cannot, by rotation, be by any means brought into the 
same position — that is, in a position to cover each other completely 
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— any more than the left hand can be made to cover the right, or a 
picture its image or reflection. 

The Isomerism of Optieally Active (Uirhon ( Uj7n pounds . — The cause 
of optical activity, in the opinion of van 't Hoff and of Le Bel, is 
the presence of one or several asymmetric carbon atoms in the mole- 
cule of every optically active lK)dy. It is obvious that two mole- 
cules which only differ in that the series of atoms or atomic; groups 
attached to an asymmetric carbon atom differ successively in order 
of arrangement, which therefore are identical in chemical structure, 
must be very similar in chemical ju-operties. However, those physical 
properties, u])on which the opposite successive seri(‘s of atoms or 
at(3mic groups in union with asymmetric carbon exerts an influence, 
e.g. the power of deviating the plane of polarized light, must be ecpial 
in value, but, opposite. The union of two molecules identical in 
structure, having equal but o])posite natatory power, gives rise to a 
molecule; of an optically inactive polymeric comyxnmd. 

(U)wpoin}ds containing one Asjimrneiric Carhon Atom. — a-Hydroxy- 
propionic acid, CH 3 -'’T'H 0 H*C().^H, is an exam])le of a compound 
containing one asymmetric carbon atom. It exists in two optically 
active, structurally identical, but physically isomerii; modifications, 
and one optically inactive, structurally identical polymeric fortn : 


ffO 



ilrjiro I ic 

t ic aOd ) 

OH OH 

I I 

(’ H H (' 


OH 



H,0 OOdl HO,(' OH, 

I ( ; ) IJ-Lactic Acid ( ) L-Lactic Acid 

The following com])ounds also 
atom : 


7 Lactic Acid nf Fcnnciitatinn or 
) lnacti\(* Lactic* Acid. 

contain one asvjnmetric carbon 


Malic Acid . 
Asparagine' 
Mandt'lic Acid 

Ooniine 


0O.,H*('H .c*C^H(OH)OO.dl 
OOXH..t'H..**( 'H(XH dCO.H 
(',H, *rH(‘)H OO.H 

(dL. *0H ---J t’HA'HX'H, 


OH.. 


XH 


Each of the ])rec(*ding bodies is known in two optically active and 
one optically inactive modifications. 

Compounds containing two Asymmetric Carbon Atom ^'^. — The rela- 
tions are more c(un])licated when two asymmetrit* carbon atoms are 
])resent. 

The simplest case would be that in whicli similar groups are in 
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union with the two asymmetric carbon atoms. The one half of the 
molecule would then be constructed chemically exactly like the other 
half. The four isomeric dihydroxy succinic acids belong in this group. 
This group of tartaric acids has become of the greatest importance in 
the development of the chemistry of optically active carbon derivatives. 

They were the first to be most carefully investigated chemically, 
optically, and crystallographically, and were employed by Pasteur in 
the development of methods for resolving the optically inactive com- 
pounds into their optically active components (p. 72). Their im- 
portance was further increased by the fact that they were brouglit 
into an intimate relationship with fumaric and maleic acids — two 
isomeric bodies which will be considered in the next section (p. 41). 

When a carbon compound contains two asymmetric carbon atoms, 
united to similar groups, then a fourth compound becomes possible in 
addition to the three isomeric modifications w^hich a compound con- 
taining only one asymmetric carbon atom is capable of forming. If 
the groups linked to one asymmetric carbon atom, viewed front the 
axis of tinion of the tw’o asymmetric carbon atoms, show^ an opposite 
successive arrangement to that of the other asymmetric carbon atom, 
an inactive compound results, due to an intramolecular or internal 
compcnsatioyi ; the action due to the one asymmetric atom upon 
polarized light will be cancelled by an equal hut opposite action 
caused by the other asymmetric carbon atom. 

The hypothesis of the asymmetric carbon atom gave the first and, 
indeed, the only satisfactory explanation for the occurrence of four 
isomeric symmetrical dihydroxysuccinic acids, which are represented 
as follows ; 




C()2H 

(JO^H 

♦ ! 

* i 

* 1 

H—C—OH 

HO C H 

H -C-OH 

1 

1 

« 1 

* 1 

HO—t; -H 

OH 

H COM 


COjH CO^H COjjH 

(1) dextro-TuTtuTic acid. (2j liero-'l ariuric acid. (H) Inactive or wtcwoTarturic acid. 

dejdro-TaTtHTU: acid - /«rro- Tartaric acid (4) llacemlc acid. 


It is seen that the two independent rotating systems are in contact 
with one another at one angle of the tetrahedrons through a single 
carbon bond. 



STEREOISOMERISM 


41 


An excellent example of the formation of a meso-form by the 
combination of two optical antipodes, is supplied by Z-alanyl-c^-alanine. 
It is itself optically active, but loses water, giving rise to the meao- 
form of alanine anhydride (C. 1906, II. 59) ; 

NH3 HN 

I -- I 

C— CO HOOC --C 

/\ /\ 

H CH3 HgC H 

Z-Alanyl-(/-alanlne. 


NH 

I ><: I 

C— CO oc— c 

/"X /\ 

H CH3 HjC H 

w^^foAlaninc anhydride. 


The possibilities of isomerism in carbon compounds containing 
more than two asymmetric carbon atoms — a condition observable 
with the polyhydric alcohols, their corresponding aldehyde alcohols, 
and ketone alcohols (the simplest sugar varieties), as well as with 
their oxidation products, will be more elaborately discussed under 
these several groups of compounds. 

Geometrical Isomerism, Stereoisomerism of the Ethylene 
Derivatives {AUoisomerisrn ). — Two carbon atoms, singly linked to each 
other, whose valences are not required for mutual union, and which arc 
united to other atoms or atomic groups, may be considered as being 
able to rotate independently of each other about their axis of union. 
Wislicenus assumed, however, that the atoms or atomic groups 
combined with these two carbon atoms exercise a ‘‘ directing in- 
fluence ” upon each other until finally the entire system has passed 
into the "'favourable con figuration A' or the "preferred position '' It 
follows from this assumption that, in ethane derivatives in which asym- 
metric carbon atoms are not present, structurally identical isomers 
cannot occur. When the van ’t Hoff tetrahedron models are employed 
for demonstration the two systems, capable of independent rotation 
about a common axis, are found to touch one another through a single 
carbon bond situated at one of the angles (comp, the projection- 
formula of the tartaric acids, p. 40). 

A different state prevails where the carbon atoms are doubly linked. 
The double union, according to van ’t Hoff, prevents a free and inde- 
pendent rotation of the two systems and space-isomers are possible. 
The tetrahedron models represent this double union in such a 
manner that two tetrahedra have two angles in common and are 
in contact along a common edge. The frequent and notable differ- 
ences in chemical behaviour of this class of isomers are to be attrib- 
uted to the greater or less spacial distance of the atomic groups, 
which determine the chemical character. 

Compounds having the general formulsc or a6C=Cac, 

may exist in two isomeric modifications. In one instance groups of 
like name are directed towards the same side — according to Wislicenus 
the "plane symmetrical configuration ” — or they are directed towards 
opposite sides — then they have according to the same author the 
“ central or axially sipnrnetrical configuration'' The plane- symmetric 
configuration is now usually referred to as the “ cis ” modification, 
the axially-symmetric as the trans." Baeyer suggests for this 
form of asymmetry the term “ relative asymmetry " in contradis- 
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tinction io the kind of asymmetry which substances with asym- 
metric carbon atoms show' ; the latter lie prefers to call absolute 
metru." 

The structurally symmetrical ethylenedicarboxylic acid is the 
most striking example of this class of isomerism. It exists in two 
isomeric modifications, known as fiimaric and vialdc acids, both of 
wdiich have been very carefidly investigated. Maleic acid readily 
passes into an anhydride, hence the jilane symmetrical c*ontiguration is 
ascribed to it ; fumaric acid does not form an anhydride, so that the 
axial symmetrical configuration is given to it, in w'hich the two carboxyl 
groups are as widely removed from each other as jiossible. In pro- 
jection formula^ and in structural formuhe, to which there is given 
a s]>acial meaning, the configuration of these two acids w-ould be 
repre.sented in the following way : 




I'niiiuric Mi jil. 

Central (tr Axially Symnu'tri< al Coiitimiration. 
traus-( ontiuMirat irtii. 


The isomerism of mesaconic and citraconic acids, (C'H. 3 )(G().^H) 
C -CH(C 02 H), is of the same class ; the first acid corres])onds to 
fumaric acid and the second to maleic acid. Further examples of the 
class are : 


Crotonif and /.v^^Crotonic af id< 
and ar id.s . 

Oleie and Klaidif' ar-ids 
Erucir and Hrassidic a( ids 
The two a-( 'hlorucrotunic acids 
,, ,, /:i-('hl-ji(jcrotoiiic acids . 

,, ,, Polanc dichloridcs . 

,, ,, ,, dibrf)inidos . 

,, ,, o-Dinitroslilbcncs 

Cinjiamic aiul Allficinnarnic acifls 
The two x-Hroinf)cinnamic ac ifls 
,, ,, /9-Hroiiiocinnarnic acids 

,, ,, Couniaric acids . 


; (’((’H.>J().dI. 

^ (’O.n. 

: (XM t'Oj!. 

(Ti, rCl : 

: (’(’!(’, ,ll,. 

(\H .CBr : C'BK’Jl 

X(B(2]C\H,1 1 )('H : CH! 1 jC'„H,[2]N(),. 
(\H, CH : CHC().,H. 

(’.H.CH : CBrCO .H. 

(\JB/CBr : CHCIO.^H. 

etc. 


Isomeric phenomena of this kind Michael designates as allo- 
isomf rlsrn , without suggestion as to its cause. When a body passes 
into a more stable modification uyion the application of heat, Michael 
prefixes alio ’ to the name of the more .stable form ; thus, fumaric 
acid is allomaleic acid (Ber. 19, 1384). 

Fumaric and maleic acids are placed at the head of this class of 
isomeric phenomena not only l)ecause they have been most thoroughly 



STEREOISOMERISM 


43 


investigated, but chiefly because the two optically inactive dihydroxy- 
tartaric acids bear to them an intimate genetic relation (p. 40). Kekule 
and Anschiitz showed that furnaric acid was converted into racemic 
acid, and maleic acud into -so tartaric acid by potassium y)ermangan- 
ate. This conversion harmonizes entirely with the van ’t Hoff-Le Bel 
conception of these four acids ; indeed, it might have been predicted. 
These relations will be more fully elaborated in the discussion on the 
acids. 


Baoy(;r coiiHiiiorH Dial tho iHoinerisin of tlio .saturatof] or oarhofyolic fompouiidH 
boarn a dofinib'! ndatioii to the Ht.(‘reoiHornerisrn of Iho ethylc^iu^ dc^rivat ivew, as will 
be more fully explained when the h('xahydroxyphthalie aeids (V^jI. JJ) are 
described. Tlu' sana^ aut hor inamtains t hat the siin])l(‘ ring-union of carbon atoms 
viewed from a stereoclKurncal standpoint has the same signification as the double 
union in open chaiiis. Tla^ndon*, stereoisomerism in thf‘ carbon compounds 
with double union would apyx'ar na'iely as a spe<’ial case of isomerism in simple 
ring-unions. Haumann applied this idea to saturated la^terocyclic compounds — 
to the polymeric t hioald(‘hyd<‘s (7./’.), 

Ha(*y(U’ suggestcul the introduction of a cfunmon symbol fra- all gerimetrical 
isomers, such as the (Ireek letter I'. “The addition of an index will a.ssist 
the ready exprr^ssion of tla” kind of isomerism. In the case of compomids which 
contain absolutr' asymmetric carlxai atrans, th(‘ signs — — can be employed. 
Thus th(' exjiressions 

//rr//'o-Tartaric acid I' f 1 j 
/a ro-Tartaric acid 1’ — --- 'rartaric acid 

a?r/<eTartaric aciil T -j- ~ ^ 

can b(^ undra-stood without sp<‘cial (‘xplanation." In the case of rt'latix'e asym- 
metry in unsaturated comjxauals and saturated rings, Haeyra- proposes to use the 
terms ris and trans. .Maleic acid pos. cis ^r briefly r /.s-et hylenedicarboxylic 
acid, \N hile furnaric acid ] ii>. ti.ui- //y/uAr-ot hylenedicaibo.xylic acid. 

Further cousiderations ou the s]mee-c(>nfiguration of the ethylene 
and poly methylene derivatives lead to a broadening of the scope and 
to the correction of the law, that an asymmetric carbon atom must 
be jiresent in every optically active compound (see above, p. 38). 
Optical activity can occur even in the absence of an asymmetric carbon 
atom in the ordinary sense, if thv afotus are attached to a cxirbon skeleton 
in such a way in space, that there is no plane of syninutry present — the 
object and its mirror-image do not correspond. This is found, for 
instance, in hexahydrohexa hydroxy benzene, which exists in two enan- 
tiomorphic optically active forms, as d- and /- inositol : 



HO 



HO 


OH 


OH 


(/- and /- Inositol. 


The same considerations apply to the aUcfo compounds, Cab : C : Cod. 
In virtue of the tetrahedral configuration of the groups attached to 
a carbon atom, the radicals a, b and r, d must be arranged in two 
planes per|>endicailar to each other. The following diagrams repre- 
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sent this asymmetry, the full lines being assumed to lie in the plane 
of the paper and the dotted lines in a plane at right angles to this. 

a — C — 6 b — C — (Z 



c- ■ ‘‘ C 

The conditions are not altered if one or both of the ethylene link- 
ages is replaced by a cyclic grouping. An example of this is the 
resolution of 4-methylcycZohexylideneacetic acid (Marckwald^ Ber. 39, 
1171 : Ann. 371, 180). 

CH3. /CH.CHov /H Hv >CH,— CH^v CU., 

V: :C<; )>o:: 

H XcHoCHo \CO3H CO^H^ \cH 2 -CHjj/ H 

For stereochemical considerations of spiran compounds (in which one 
atom is simultaneoiislv a member of two different rings), see Ber. 45, 
2114: 47,2573. 

The particularly ready formation of carbocyclic and heterocyclic 
compounds when five or six carbon atoms take part in the ring forma- 
tion, is also a result of the position of the atoms in space. This aspect 
of stereochemistry \^dll be considered in the introduction to the carbo- 
c^xlic compounds, and there also to the heterocyclic bodies, as well as 
in the discussion of the cyclic carboxylic esters, or lactones, the cyclic 
acid amides or lactams, the anhydrides of dibasic acids, etc. 

Hypotheses Relating to Multiple Carbon Bonds. — The mul- 
tiple carbon bonds are so important in stereochemical considerations, 
that there has been a large amount of research into the nature of this 
union as well as attempts to represent it. All investigations in this 
direction demonstrate how difficult it is at present to understand so 
obscure a force as chemical attraction or affinity from a mechanical 
point of view. Despite the demand and necessity that may exist for 
the introduction of hypotheses dealing with the mechanics of multiple 
linkage the views so far presented are in man>^ essentials contradictory, 
and not one has won general recognition for itself. See Bneyvr (Ber. 
18, 2277 : 23, 1274) ; W underlich (Configuration organischer Mole- 
cule, Leipzig, 1886) ; Losseyc (Ber. 20, 3306) ; Wislicenus (Ber. 21, 
581) ; V. Meyer (Ber. 21, 265 Anm. : 23, 581, 618) ; V. Meyer und 
Riecke (Ber. 21, 946) ; Avvxrs (Entwicklung der Stereochemie, Heidel- 
berg, 1890), pp. 22-25 ; Naumann (Ber. 23, 477) ; Bruhl (Ann. 211, 
162, 371) ; JJedisle (Ann. 269, 97) ; Skravp (Monatsh. 12, 146) ; 
J. l^hieh (Ann. 306, 87 : 319, 129) ; Erlemneyer, jun, (Ann. 316, 43 ; 
J. pr. Chem. [2] 62, 145) ; Vorlaender (Ann. 320, 66) ; Hinrichsen 
(Ann. 336, 168). 


Stereochemistry of Nitrogen 

Isomeric phenomena occur among nitrogen containing compounds 
of the same constitution, which cannot be referred to an asymmetric 
carbon atom, and compel the attribution of asymmetric properties 
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to the nitrogen atom. If the organic ammonium naltB arc represented, 
after Werner, by the formula where the radicals c, d 

are co-ordinatively attached to the central nitrogen atom and the 
anion X attached by an ionic linkage, the ammonium compounds 
can be compared with the compounds containing an asymmetric car- 
bon atom The theory of an asymmetric nitrogen atom 

was first substantiated by the resolution by Pope and Peachy in 
1899 (J.C.S. 75, 1127) of methylallylphenylbenzylammonium iodide 
C 6 H 5 -CH 2 (CH 3 )(C 3 H 6 )(C 6 H 6 )NI. Other optically active quaternary 
ammonium iodides have been obtained subsequently (cf. E. Wedekind, 
Zur Stereochemie des fiinfwertigen Stickstoffs, 2. Aufi. Leipzig, 1907). 
The resolution of a purely aliphatic ammonium compound has not 
yet been satisfactorily accomplished (J.C.S. 101, 519 : Ber. 45, 2940 : 
Ann. 428, 253). 

Meisenheimer has resolved methylethylaniline oxide, CeHjNMeEtiO 
and other amine oxides into their optical components (Ber. 41, 3966 : 
Ann. 385, 117 : 397, 273 : 399, 371) (Resolution of purely aliphatic 
amine oxides, see Ann. 428, 252). This optical activity is readily 
understandable as due to tetrahedral asymmetry if the oxygen is 
regarded as attached to the nitrogen by a co-ordinate linkage, as in 
the formula RR'R"N — >0 (see p. 31). 

The actual spatial arrangement of the groups round a trivalent 
nitrogen atom is not known : all attempts to resolve compounds con- 
taining trivalent nitrogen, derivatives of ammonia, hydrazine and 
hydroxylamine, liave been unsuccessful (Ber. 57, 1744). Evidence 
obtained by the study of compounds containing a double linked 
nitrogen atom such as oximes (Hantzsch and Werner, Ber. 23, 11), 
hydroxamic acids (Werner) and diazo compounds (Hantzsch) leads to 
the view that the three valencies do not lie in one plane. The reso- 
lution of the oxime of 4-cyc/ohexanonecarboxyhc acid by Mills and 
Bain in 1910 (J.C.S. 97, 1866) can only be explained by the assumption 
of a non-})lanar arrangement for these bonds. 




>0 




CHo— CHo 


, OTT 




CH,/ 

4-r//(7(>lifxunouecarbo.xy)it‘ acid oxime. 


Stereochemistry of Phosphorus. — Ber. 44, 350 : 45, 2933. 
Stereochemistry of Arsenic.— J.C.S. 119, 420 ; 127, 2479 : Her. 58, 2000. 
Stereochemistry of Sulphur. — Thhniiutti salts, .I.C.S. 77, 1072, 1174; 
mjl/ihhrir ( sf^^rs, J.C.S. 127, 2552 : s Ber. 44, 750 : J.C.S. 1926, 

2079 : 1927, 1798 : sul i>hiUm,ines, , J.C.S. 1927, 188. Many of tJie abovt' coni- 
pouiuls, wliich exhibit tetraliedral of symmetry, involvi* a semipolai- (co- 

ordinate) double bond afTeeting the sulphur atom. 

Stereochemistry of Selenium. — C. 1903, I. 22, 144. 

Stereochemistry of Tellurium. —J.C.S. 117, 80, 889 : 119, 105. t>87 . 

1929, 500. See also dimethyltelluronium iodide (}). 178). 

Stereochemistry of Tin. — C. 1900, 11. 34. 

Stereochemistry of Silicon. — C. 1908, 1. 10>88 : 1909, 1. 300 : 1910, I. 
2083. 
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INTRAMOLECl LAR ATOMIC REARRANGEMENTS 


Many investigations have shown that certain inodes of linking, 
apparently possible from a valenee standpoint, cannot, in fact, occur, 
or when they do take ]ilaee are })ossible only under certain definite 
conditions. In reactions, for example, in which two or three hydroxyl 
groups should unite with the same carbon atom, a loss of water almost 
invariably occurs and oxygen be(*omes doubly united with cai bon, v.g. : 


Cl 
Cl 

, Cl 
BC. C\ 

Vi 




/ 

( CI1,(\ () 

\ ■ II 

( H(\ O-H ) 
\ H/ 


H.O 


H,,() 


CHX 


\il 


CHv 


M) H 


On the other hand, the ethers derivable from these unstable 
“ alcohols " are stable ; 

() C.,Hji 

CH3C O C.Hj, and HC: O C'tl, 

‘ \OC 2 H, 

In other cases there is a cleavage of a iialogen hydride, water or 
ammonia, with the production of an unsaturated body, or an anhydride 
of a dibasic acid, or a cyclic ester {lacfon(), or a cyclic amide (lacfatn). 
In these reactions two molecules result from one molecule, in which 
at 0111 -groups occur in unstable linkage-relations, an organic molecule 
and a simple inorganic body. 

This tyjKJ of decomposition of a labile molecule is similar to the 
intramolecular atomic reari*angements which occur where unstable 
atomic groupings })ass at the moment of their formation into stable 
forms without the alteration of the size of the molecule. The hydrogen 
atom, esj)ecially, is inclined to wander, but groups, such as the alkyl, 
phenyl, and hydrox\l behave similarly. To-day, the number of 
examples of this plienomenon is remarkably large, of whicli a few 
only need be cited. A free hydroxyl grouj) becomes added in most 
cases to a carbon atom in double union with its neighbouring carbon 
atom. When intramolecular atomic rearrangements occur the hydro- 
gen of the hydrf»xyl attaches itself to the adjacent carbon atom, and 
oxygen of h}’diuxyl unites doubly with carbon {ErUtnuinfcr's rule, 
Ber. 13, 309 : 

CHBi 

CH. 

OH., 

1 

C'Br 

CH 2 


25, 1781). 



^-AlJyl aJcohol. 


(HO 
-> I 

OH., 

Aldch.vilr. 

OH, 

I 

-> 00 

I 

OH 3 

AcO-onc. 


However, the ethers obtained from vinyl alcohol (q.v.) are stable : 
CHj^CHO-Ciills and CH 2 =^C( 0 'C 2 H 5 ) — CH 3 are known. 

A further, verj^ widely refuesented class of intramolecular migra- 
tions is the change of a compound with separated double bonds into 
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an isomer (containing a (conjugated system. /?y- Unsaturated acids, 
for example, change into the a/>- unsaturated compounds. 


CH, : () 

on 

Vinylaccf ic acid. 

CH.. : (’ ('() X 

I V) 

(’H.,CO/ 

] laconic aiih> (lri(l(*. 


-> CH3 CH : CH C : (> 
OH 

( roloiiic acid. 
('Ha'O CCK 

, V) 

( itraconic anhydride. 


Allylbcnzencis are isomeriz(Ml under the action of alkalis into the 
isomeric propenyl benzenes (see Vol. II). 


xCH-~(^H. CH -CfT 

CW /C CIU-OH : CH.. — > CH X-CH ; CH CH 3 

\CH- Cll/ “ \CH -CH/ 


Transformations of tliis type are particularly common among the 
ter])ene derivatives (Vol. II). 

That thes(c changes are due to the transformation of a labile com- 
pound into a mor(‘ stabk* isomer is shown by the determination of 
the heats of combustion. 

In some (cases, the migration of an alkyl group instead of a hydrogen 
atom is o[)serv(‘(l. Examples are : 

The esters of hydrothiocyanic acid, under th(‘ inlluence of heat, 
rearrange themselves into the isomeric mustard oils, sulphur unites 
doubly with carbon and the alcohol radical that had previously been 
in union with tlu* sul])hur w'anders to nitrogen : 

(’3H, s (' X >-s-c XC3H. 

All\ I tfii<»cy:ui:»tc. .\llyl mustard oil. 

v-soNit riles or caibylamines. when heated, pass into nitriles ; the 
alcohol radical j)r(‘viously in union with nitrogen, wandei's to carbon : 

(\.H, -N C V c«n.. C X. 

I’licfiN It arhvlamiiic. Hciizt mitrilc. 

(Voi. il.) (Vol JI.) 

Trisubstituted acetaldehydes are partially isomerized by the action 
of concent lated sul})huric acid into (lisul)stitute(l ketones (Compt. 
rend. 182, b7). 

H3CXHO ► Pv.CH CO K. 

G-Allylacetoacetic ester is changed by distillation in the })resence 
(d ammonium chloride into the X-alkyl derivative. 

('H3 C(()C’3H,) : Cii COOKt CH3C()XH(C3H,) COOEt. 

Among the characti'ristic transformations of the aromatic series 
are the isomerizations of amines and phenols substituted on the A- 
and G-atoms into their nuck^ar substituted isomerides (\k)l. II). 

C«H£,NH ()H HOeji^ NH., 

l*h(>iiylhydro.\yJamJii(‘. //-.AminopluMiol. 

C'JfjNHNH C’.H,, >. 

1 1 ydrazi llt-nziii iiif. 

I’hi'iiyl iillyl clhrr. (»-AUyIitlieiu)l. 

All the transformations hitherto considered consist in a change 
from a relatively labile atomie conformation to a more stable isomer. 
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The following reactions depend upon the conversion of a stable sub- 
stance, by loss of water, halogen acid, nitrogen, etc., into a compound 
unstable from the valency standpoint, which spontaneously changes 


into a stable form. 



/N 



(\H,COX<; 11 

CeH,CON<] 

► CeH^ N : C : 0 

\N 


Phenyl isocyanalt 

Heiitazide. 



CHa-CONHBr 

[CH3C0N<] 

> CH3 N : C : 0 

Acctbronioainide. 


Methyl isocyanate. 

(CH3)2C(0H)C(0H)(CH3)2- 

H(Cii,),c-C{CBM — 

>{CU,),CCO‘CH, 

Pinarono. 

1 1 

Piiiacoliu. 


o 


(CH3)3C CH(0H) CH3 

^ [(CH3)8C*C-CH3l 

(CH3)3C : C(CH8)3 

Pinacolyl alcohol. 

A 

Tetramethylcthylene. 


To this tj-pe of reaction belong in all probability the benzilic acid 
ira)isformaiio7) (Vol. II), the Beckmann inversion of the ketoximes and 
other reactions. 


Tautomerism, Desmotropy, Allelotropy, Pseudomerism, 
Ring-chain tautomerism 


(Cf. ir. WisUcenuSy Ahrens Sammlung, 2, 188 (1898) : H enrich ^ 
Theorien der organischen Chemie, Braunschweig, 1924, Vieweg.) 

The phenomena referred to under the names tautomerism and 
desmotropy include some of the most interesting intramolecular 
changes. 

Baeyrr in 1882 (Her. 15, 2093: 16, 2193) obtained from isatin 
by the action of acetic anhydride an acetyl derivative, which must 
have the constitution (I). By the action of methyl iodide on the 
silver salt of isatin he obtained a methyl ether which should be repre- 
sented by the formula (II) : 


/C(K 

CO 

N" 

COCH3 

(I) 

This led him to expect the occurrence of 
may be repre.sented by (III) and (IV) : 


yCOx 

(’„H/ ^COCHa 

\NH>' 


(ii) 

two forms of isatin which 



/CO\ 

C«h/ >C(0H) 


(IIO (O’) 

All attempts to prepare the.se two forms of isatin by the removal 
of substituents failed. The same isatin was always obtained. 

The number of compounds to which must be attributed, from a 
consideration of their derivatives, tw^o structural formulas increased 
rapidly from this time (Ber. 16, 1704, 2188 : 17, 317, 2387, 2873, 
2903 : 18, 1528). Compounds containing the following groups, in 
particular, show this phenomenon : 

— CO XH > — C(OH) : N— — CO CH, > C(OH) : CH - 

— OHj XOj > — CH : NO OH. 
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Baeyer recognized that the origin of this was the abnormal mobility 
of a hydrogen atom. 

The classical example of tautomerism is acetoacetic ester. The 
formula CHg-CO-CHg-COOEt must be ascribed to the compound on 
the basis of its decomposition to acetone, the formation of C'-mono- 
and di-alkyl derivatives by the action of alkyl halides on its sodium 
derivatives, and its behaviour towards the ketone reagents phenyl - 
hydrazine, hydroxylamine, etc. On the other hand, a series of reac- 
tions such as the formation of 0-acetyl derivative by the action of 
acetyl chloride in pyridine solution leads to the recognition of the 
/Miydroxycrotonic ester formula CH 3 *C(OH) : CH-COOEt. This ester, 
therefore, presents a typical example of a compound which reacts in 
two forms, and to which cannot be ascribed a definite constitutional 
formula. 

In explanation of these phenomena, Laar {cf. Butlerow, Ann. 189, 
77 : van 't Hoff, Ansichten iiber die organische Chemie, 2, 263 and 
Zincke, Ber. 17, 3030) suggests that such compounds consist of a 
mixture of structural isomers, in which a hydrogen atom oscillates 
between two equilibrium positions, and the whole complex acquires 
mobility therefrom. This conception of Laar, by which it is impossible 
to assign any definite constitution to the compound, is not of general 
application. Cases were soon met with in which both forms could be 
isolated Ann. 291, 25 : Wislicenus, Aim. 291, 147). The true 

cause of the phenomenon was put forward independently by Claisen 
and Wislicenus as an equilibrium between the two possible forms. 

--C(OII) : CH— ^ — CO CH 2 - 

N :('{OH) - 7 ► — NHCO— 

The phenomenon will here be referred to by the name tauto- 
merism, suggested by von Laar, which may be more accurately 
defined as follows {K. H. Meyer, Ann. 398, 64). 

Tautomerism. — Compounds are designated tautomeric when they 
form two series of derivatives, derived from two isomeric formulae 
which differ from each other by the position of a hydrogen atom and 
one or more double bonds. 

Desmotropy and pseudomerism are subdivisions of tautomerism. 

JJcsmotropy. — Compounds are designated desmotropic when the 
two forms can be separately isolated, or at any rate separately detected. 

Pseudomerism. — When only one form of a tautomeric compound 
is known, pseudomerism is spoken of. The other form (p^rwdo-form) 
cannot be isolated and every test for its e.xistence is unsuccessful. 
Here, one form yields by addition or substitution the derivatives of 
both forms. 

Desmotropic isomers are stable onl\' in the solid state. In the 
liquid or gaseous form, or in solution, they change to an equilibrium 
mixture of the two, and form a so-called allelotropic mixture. 

Early roferencos to various typt's of taiitomoric phenomena : P. J acobson, 
13er. 20 , 1732, footnote: 21 , 2028, footnote: L. Knorr, Aim. 303 , 133: 
Uaulzach, Bor. 20 , 2802 : 21 , 1754 : Forster, Ber. 21 , 1857 : Michael, Ber. 27 , 
2128, footnote : J. pr. Chem. [2j 45 , 581, footnote : 46 , 208. 

The most important class of substances showing tautomerism con- 
VOL. I. E 
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sists of compounds containing the grouping — CO*CH*CO — which 
readily cluinges to the grouping — C(OH) : C-CO — , and the latter 
equally readily to the former. 

If the usual name denotes the acid form, then that of the 
psfudo-eicid is prefixed by the word pseudo-, as, for example, 

CH ./C{OH)=^CH — CO-O is called tetronic acid, and 
CH.CO— CH — (X)0 

is /).'?r//r/o-tetronic a.cid. 

The syst('m of nomenclature proposed by Ilantzsch for pseudomeric 
substances (Ber. 38, 1000) a])])ears to be most suited for its purpose. 
If the accustomed name refers to tlie weaker acid or neutral form, 
then the name of tlu‘ real acid is characterized by the prefix aci-. 

('laisoi was the first to show that, iti the above example of the 
two tribenzoyl methanes, only com])ounds having the art- constitu- 
tion f(U*m salts direct ; the psy //</o-form yields no salts, but gradually 
changes when in contact with l)ases, into the salt of the aci-iov\n, e.g. : 
t : XOOH 

I’hciiN liiil rmiu t liaiit'. ///•/'- 1 Init !( ►iiirt hji iir. 

Claisen de.signates the acidic cao/-form tlie a-compound and the 
neutral keto-ionu the p-bodv, e.g. : 

1 

x-TrilH nz')yliii«a litmr (’^,11 -/.'(Oil ) (' 

1 

.^-'ri'ihoTr/.oyiinrt hanr C’H 

This reaction ])roceeds with a measurable velocity, affording 
thereby one of the c-riteria of a keto-enol tautomeric substance. 

I'lie followintr Ikhmi su(H‘('ssf\ill\' in llu* (‘stiinalion of tho 

})rr»poit i' >ll^ "I tji'il and kf'to form^' in a inixtun'. 

1. ('olorirnctrio ('.-'TiinaTion hv moans <if Ionic olilorido (Ann. 291 , 179: 
lior. 44, 272.7, 2772;. 

2 rnralioij of ilic onol loryj, wiin bromine (Ann. 380, 21 b) oi- t hioovanogcai 
(Bcr. 57, 92 s. 9:Ui. 

3. Turati' n oi tlio onol with io<li(lo-io(lato (AiiH. 335, 1). 

■i, Kstiination of tho onol as ooj)por salt (Hor. 54, 902). 

.7. Physical inotliods : 

(a) Dotf'nninat ion of tho moloctilar rofraction (J. pr. CIkmii. 12], 50, 
119: lh*r. 38, IhtiH: 44, 3.714 : Ann. 415, 1(>9). 

(fj) Dotorniinat ion of tho inoi<*cnlar inagnotic rotation (\\ . H. iVrkin, 
sonior). 

(c) l^y tho absor}>tion spc'c-t ra (Hor. 43, ,3049: 44, 1771). 

0/j Kk'ctrical ccmductjviiy (P>cr. 33, 2912: 39, 20S!h 220.7, 3149). 

Systomatic in\ ost igat ion has shown that tho ocjuilibriinn roaohod in a koto- 
onol taiitomoric inixturo is dopondent upon: 

1. d’oinporat uro ( \i Ann. 291 , 179) 

2. (Constitution of tho oompouiai. Tho following tahio gi\os tho ])oroontag«‘ 
of onol in \arious cfanpounds {rf. also Jior. 45, 2H4.3 : 55, 24 7t>)- 


CoriiiKaircJ. 

Knol 

Cotii}»oai»<l 

ICiM.I 

(‘H,{P()()i:t; 

U 

(',H,(’()(’Hy(’()()Kt . . 

. 29-2 

THlCOOKt), . . . 

0-2 

Ktoro (’() ( liyCOOKt 

88 

CHyCOOKt 

. . 7-4 


70 

CH.yCO CH.Me COOKt 

. . 3 1 

: (Tlv(T)(’H((c()()Kt)., . . 

. I»4 
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3. Tho nature of the solvent. The following table gives the enol percentage 
in about 3—5 per cent, solution. 


Solvent. 

Tcinj). 

Aeotoacetic 

l']Ht<.*r. 

Iknzoylacetic^ 

Ester. 

Acetyl- 

acetone. 

Water 

0" 

0-4 

0-8 

19 

Glacial ac.otic acid .... 

20 

5-7 

14 

74 

Chloroform 

20' 

8-2 

15-3 

79 

Ethyl alcohol 

0’ 

12-7 

2(i i 

84 

1 

20' 

18 

31 

85 

Hoxano ] 

20 

48 

09 

92 


A relation exists between ilu^ solubility of the two (k^sinotroyiie forms and 
tlH'ir equilibrium (van ’t Hoff-Dimroth). The; eoneentral ion of the two forms 
at equilibrium in a solution is (Myual to tho ratio of tlaur solubilities, multiplied 
by a constant (1, which is a eharaet(‘rist ie for each })aii‘ of tautomoric substances, 
and is indepiMah'iit of the so!\(Mit. 

Cko-, ^ Sk..,'.' 

As tli(* (‘(juilil)iium Ix'tween two tautomeric substances is diiectly dependent 
upon the rapitlity of t lansformat ion of one form into tla* othci-, the above rela- 
t ionsliij) brings out a close coniax'tion between sjiimmI of isomerization and 
solubility (Ann. 377, 527 : 380, 220 : 399, 91 : Ber. 47, S2(i). 

It has already been mentioned that the salts of tautomeric com- 
])ounds are always derived from the enol form. When these salts 
are treated witli alkyl or acyl halides, a mixture of derivatives of 
both forms is produced, that of the keto form predominating, e.g. : 

CH., ('(()Na) : ('ll VOOKt M, 1 ( 'HMe CO(_)Kt ^ Xal. 

Michael (d. jir. ('hem. (2J 37, 473) explains this reaction by the assump- 
tion that in the reaction between the .salt and the alkyl halide, two 
independent reactions take place simultaneously. One of these con- 
sists in a simple exchang(‘, whereby th(‘ entering group occupies the 
same position as the metal atom it has displaced. The other consists 
in a ])revious addition of the alkyl halid(* to the sodium derivative, 
followed by s])litting off of .sodium halide, th(‘ entering alkyl group 
under th(‘.se (amditions taking uj) a po.sition different from that of the 
metallic atom. For further consideration of this mechanism, see 
under acc^toacetic ester and malonic ester. Michael's view has recently 
been sup[)orted bv Xef. (r/. lecture hv Wislicenus, Z. angew. Chem. 
1921 , 257). 

A number of other reactions of desmotropic comj)ounds, such as 
their coupling with aromatic diazo compounds (Ber. 40 , 2404, 440t) : 
41 , 4012), their condensation with aldehydes and with y)-nitroso- 
dimethylaniline are to be explained in a similar manner. Investiga- 
tions on the separate desmotropic compounds have shown that in 
these reactions the enol form ahuie reacts. The products are, however, 
deriv^atives of th(‘ keto form (Ann. 398, 49, bli). 

In a number of cases the transition from keto to enol form is not 
brought about merely by the migration of a hydrogen atom, but the 
opening or closing of a ring is also involved. The phenomenon is 
then described as ring-chain tautomerism. 



r>2 


ORGANIC CHEMISTRY 


An example of this given by Dimroth consists in the isomerization 
of the anilide of diazomalonic ester (I) to hydroxyphenyltriazole- 
carboxylic ester (II) 

I 

C(OH)N 

^ II II 

Mo( )•("() -C’ N 

(U) 

More recently the isomerization of the compounds (III) to the 
ring systems (IV) have been investigated by English workers. 


ro 


NH 


Meoroc; ii 
(1) 


yCO—COM 
k/ XcH^-COjH 

(III) 


^C(OH)COjH 

r/^\chco.,h 

(IV) 


(See J.C.S. 121, ITC);') ; 123, 327, 1683, 2865, etc.) 

In all the cases wliich have been considered, the interchangeable 
isomers have belonged to two different classes of compounds with quite 
different chemical characteristics. There exist, however, substances 
which according to their mode of preparation should give rise to two 
forms belonging to the same class, but which have turned out to be 
identical with one another, as, for example, diazoamino-compounds, 
amidines, formaz^d derivatives of the general type — 


,NX 


Xnhv 




/ NHX 

\ny 


where R represents N in diazoamino bodies, CH in the amidines, and 
N : CH-N in the formazyl derivatives. This explains the absence of 
certain isomerism phenomena in pyrrole, and such azoles as pyrazole 
and triazole (see Vol. Ill), and also in the ortho-di-derivatives of ben- 
zene (Vol. HI, the Constitution uf Benzene), etc. Attempts have been 
made to explain these phenomena by assuming oscillations of valences 
(Knorr, Ann. 279, 188) ; this is further complicated, in the case of 
pyrruie and the azoles, by the wandering of a H atom. For the 
phenomenon itself Briihl suggests the name Phasotropism (Ber. 27, 
2396), whilst V. Pechmann puts forward the term virtual tautomerism 
(Ber. 28, 2362). 

Chromoisomerism, Polychromy, Pantochromy. — Hantzsch 
designated by the term chromoisomerism the property first observed 
in the cases of pyridine, quinoline and phenylacridine, of forming 
with acids or alkyl halides, salts of different colour, which are in 
equilibrium with each other, and which are frequently mutuaUy inter- 
convertible. When more than two differently coloured isomers occur, 
the phenomenon is referred to as polychromy or pantochromy. In 
addition to the compounds already mentioned, this type of isomerism 
also occurs among the dinitroparaffins, the nitro- and isonitroso- 
ketones (violuric acid), the nitroUc acids (ethylnitrolic acid) and other 
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compounds. In many cases the explanation can be found in a varia- 
tion of linkage, such as the following in the ^5onit^osoketones : 

— C(:NOH) CO— — C( NO) : C(OH)— . 

In these cases the phenomenon is simply due to tautomerism. 

This explanation is insufficient in the case of polychromic com- 
pounds. In them, Hantzsch attributes the colour variations to the 
presence and differing activity of the subsidiary valencies (cf. Ber. 42 , 
68, 966 : 43 , 82 : 44 , 1783, 3290 : 50 , 1204, 1719 : 52 , 1544). 

Halochromy. — The term halochrcyrny (Baeyer) refers to the prop- 
erty of certain organic substances, themselves colourless or faintly 
coloured, to combine with acids or heavy metal salts with the forma- 
tion of highly coloured salts, without any appreciable structural 
change occurring. 

The classical example of this is triphenylcarbinol, a colourless 
compound which dissolves in concentrated sulphuric acid with a 
golden yellow colour. According to Baeyer’s view, this is due to the 
development by the central carbon atom of an ionized linkage, a so- 
called carboniuin linkage, which he represented by a wavy line (Ber. 
38 , 570 : 39 , 2977). 

(CeH5)3COH (C«H5)3C OvSOaH or [(CeH5)3C]+ [0-S03H]- 

Trlphenylcarblnol Triphenyirarbinyl sulphat<! 

Colourless. Coloured. 

More recent views (C, 1917, II. 357 : Wizinger, Z. angew. Chem. 
1927, 40, 939) attribute the development of halochromy to the weak 
attachment (partial valency) of the acid to the triphenylcarbinol or 
triphenylchloromethane as a molecular compound (q.v.). Through 
this unsymmetrical addition, a redistribution of valency takes place, 
leading to the development of a single strongly unsaturated central 
atom, denoted by the arrow, which a(4-s as a strong chromophore. 

(C«HJ 3 C-C] -f A ... A 

i- 

The numerous highly coloured addition compounds of unsaturated 
ketones with halogen acids and heavy metal chlorides belong to the 
same class (cf. molecular compounds, p. 26) (cf. also Stobbe, Ann. 
370 , 93, and the section on colour and constitution of organic 
compounds). 


PHYSICAL PROPERTIES OF THE CARBON COMPOUNDS 

The physical, as well as the chemical, properties of the carbon 
compounds are largely conditioned by their chemical constitution. 
A relationship between constitution and properties has been estab- 
lished for certain properties. The following physical properties are 
of im})ortance for external characterization of a carbon compound : 

1. Crystalline form. 

2. Specific gravity. 

3. Melting point. 

4. Boiling point. 

5. Solubility. 
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The following properties are of importance in the determination 
of the constitution of carbon compounds. 

(h Optical properties : 

{a) Colour (Absorption of light). 

{b) Refraction. 

(r) Dielectric constant. 

(d) Optical rotatory power. 

(e) Magnetic rotatory power. 

7. Electrical conductivity. 

8. Parachor. 

1. CRYSTALLINE FORM OF CARBON COMPOUNDS 

The crystalline form of a carbon derivative is one of its most im- 
portant distinctions, whereby a body may be recognized most definitely 
and difTerentiated from other substances (cf. P. Groth, Chemische 
Kristallogra})liie, Bd. HI, Leipzig, 1910) ; so that the preparation of 
organic substances in the form of crystals and theii* examination has 
been of the greatest value in organic chemistry. The more com- 
plex the constitution of a substance, the less the symmetry of its 
crystals (Ber. 27, R. S48). Thr crijsialUvc fortns of isoin eric bodies are 
ahmys different. Many substances may assume two or more forms ; 
they arc dimorphous. p)^hff^^orphous. but each is characterized very 
definitely by particular conditions of formation and existence. 

When it is possible for a compound 1o crystallize fi’oin the same solvent in 
different forms, only otk^ can separate within d(‘tinit(' Tanges of t(any)eT‘atiire. 
The limit between these zones, the trentsitioH tcfuju raturr, is thooret icaliy expressed 
by the point of intei'section of the solubility curves of the two crystalline forms. 
It is only the one or the (»ther form that eaiT appear under normal conditions 
above or below this temperature. From a solution supersaturated as regards 
the two foTTiis, it is possible by tlie inti'oduct ion of one or the other form, to 
obtain each of the two kinds of crystals, and, ind<HHl, both together, but only 
.so long as the suf>ersaturat ion <‘ontinuo.s. After tliat, one of the two forms 
will gradually dissolve and that one will remain which is the more stabk' at the 
temperature of ex])cr iincnt. The temperature' of t i*ansforniat ion varies for each 
solvent, and when imymrities ai-e present in the substancf^s a greater or less 
variation in the t<‘m}xn'a t ni’e will occur, aef(,rdjng to the degree of impurity. 

The existence and stability of a dermite modification of a polymorphic sub- 
stance depend.s to a great extent on the teinpei'ature, of whicli the influence, liow- 
ever, is not always the .sarrie. In the ea.se of perchlort'thane rliombic, tri- 

clinic, and icgular crystal forms are .successively assumed during a gradual rise' in 
temperature, whilst on cooling, the same series is passed through in reversed oixk'r. 
The change is said, therefore, to be rc/v'r.vd>/c, and polymorphic substances of 
this kind are called oiantiotropic {Lehmann). With other bodies, however, 
one modification may be labile and the other stable, so that the first form 
changes into the second, aral not vice versa. As an example, y>»-nitroy)henol 
CeH4{0H)N02 may be taken. On solidification from the molten state, or 
from a hot solution, it crystallizes in the cohurless labile form. This, on standing, 
turns into the stable yellowish-red modification, which is (piite different in its 
(cleavage and optical properties from the first. It can also bo obtained by crystal- 
lizing from a cold .solution. Such substances, which undergo a change in one 
direction only, are called monotropir. In many cases, however, a rigid grouyiing 
of the numerous polymorphic organic bodies in one or other of the two gi-oups is 
not alwaj^s easy. For the assumptions nor'cssary for the explanation of the 
phenomenon, see Zinckt (Ann. 182, 244) and Lehm/inn 'Molekularphysik, Leipzig, 
1888-89); GratuxrnDtto (Lehrbuch der Chemio, Vol. 1, Fart 3, p. 22, 1898). 

At the present time little is known about the inr»er connection between the 
crystalling form and chemical constitution of carbon compounds, but it has 
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boen found, for example, that the slightest variation in chemical (jonstitution 
does affect th(^ amourit of rotation exhibited by optically active comy)ounds. Many 
such substances possess a hemihedral form, and the two optically active modi- 
fications of a (iarbon compound, although tfiey exhibit tfie same gedmetrical 
constants, are distinguished by peculiar left and right types {rnantlomorphous 
form, ft) ; they are not superposable. Th(^ difference between two such com- 
pounds, in which the atoms are similarly united, is only du(‘, according to the 
hypothesis of an asymmetric carbon at,om (p. 37), to tlie diff(‘rence in arrangement 
of the atoms within the molecule. From this it follf)ws that this variation in 
arrangement finds expression in the crystalliiK; form (corny). Her. 29, 1692). 

Laurent, Nickles, de la Provost-aye, Pasteur, Hjortdahl (see F. N. Hdw. 3, 
855) investigated the influence that chemical relations of organic bodies exerted 
upon the geomet rical properti(‘s of their cryst,als. This y)r‘oblem, however, first 
appeared in the forefront of crystallogray)liic study aft(‘r P. (froth introduced 
the idea of niorphotropy (Pogg. Ann. 141, 31). Hy this term was understood the 
pheTiomenon of regular alteration of crystalline form produced by the entrance 
of a new atom or group in ])lace of hydrogen. Uroth, Hintze, Bodewig, Arzruni, 
and others frequently called attention to such rnorphotropic relations y)articularly 
with the aromatic bodies (comp. Physikal. Chemie der Krystalle von Anc/rcov 
Ar^rool, 1893). 

The view put forward by Hravais (1848), and later developed by Wiener, 
Sohncke and y)articularly by Schcmfliess, that the structure of crystals can bo 
based uy)on a n'gular sy)ace-lattice has meanwhile received experimental con- 
firmation. Pfeiffer, from the standy^oint of the co-ordination th(M)ry, has arrived 
at the conclusion that there exists in crystals an absolutely regular arrangement 
of atoms or groups (Naturwissenschaften, 1926, 8, 984). 

For the elucidation of the fine structur(‘ of crystals, we are indebted to the 
methods of X-ray .spectroscopy i?itroduced aiid yierfected by M. von Lane, VV^. H. 
and W. L. Bragg and P. Debye (rf. M . r. Lrtttr, lecture, Ber. 50, 8 : Z. Krystallog. 
52, 58: Physikal. Z. 18, 291). The invesi igation of the crystal struetun^ of 
diamond and graphite (Physikal. Z. 18, 291), which according to Debye repre.sent 
the fundamental types for aliy)hatic and aromatic compounds resy)ectively, is of 
the greatest importance for organic chemistry. For thi' use of X-ray sy^ectro- 
scoy)y in the d(flermination of constitutional y>roblems, see Ber. 61, 612. See 
p. 33 for n'ferences t-o the us(‘ of X-rays in the study of the configuration of 
(•arbon chains. 

2. SPECIFIC GRAVITY OR DENSITY 

By this term is iinder.stood tiie relation of the ab.sohite weight of 
a substance to the weight of an equal volume of a standard body. 
Conventional units of com})arison are water for solids and liquicls, 
and air or hydrogen for gaseous bodies (see p. 13). 

Dviisiiy of Gaseous Bodies. — For these, as we have already seen, the 
relation of the specific gravity (gas density) to the chemical composi- 
tion is very simple. Since, according to Avogadro's law, an equal 
number of molecules are present in equal volumes, the gas densities 
stand in the same ratio as the molecular weights. Being referred to 
hydrogen as unit, the gas densities are one-half the molecular weights. 
Therefore, the molecular volume, i.e. the quotient of the molecular 
weight and specific gravity, is a constant quantity for all gases (at 
like pressure and temperature). Practical metliods for repeated gas 
density measurements, see Pollitzer, Z. angew. Chem. 37, 459. 

Density of Liquid and Solid Carbon Derivatives. — In the liquid and 
solid states the molecules are considerably nearer each other than 
when in the gaseous condition. The size of the molecules and their 
distance from each other, which increases in different degrees with 
rise of temperature, are unknown, so that the theoretical bases for 
deducing the specific gravity are lacking. However, some pgularities 
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have been established empirically, which, by comparison with the 
specific or molecular volumes, give the ratio of molecular weight to 
specific gravity. 

Kopp (Ann. 64 , 212 : 92 , 1 : 94 , 237, etc.) considered that the 
molecular volume was a purely additive property obtained from the 
separate atomic volumes, but Lossen and his collaborators and other 
workers (Ann. 214 , 81, 138: 221 , 61: 224 , 56: 225 , 249, 316: 
243 , 1) have not confirmed this. More recent investigations (Kauf- 
mann, Z. Elektrochem. 25 , 343) have failed to find a simple relation 
between molecular volume and constitution : there appears to be a 
diminution of molecular volume of 2*56 per double linkage in un- 
saturated compounds or cyclic compounds (Chem. News, 116 , 97). 

Herz (Z. physik. Chem. 101 , 54) finds a relation between the 
molecular volume and molecular refraction at the boiling point of 
simple aliphatic compounds, the former being five times the latter. 


Schroeder determined the specific volumes of a number of solids (Ber. 10, 
848, 1871 : 12, 567, 1613: 14, 21, 1607, etc.). 

In determining the specific gravity of liquid com- 
pounds, a small bottle — a pyknonieter — is used, of which 
the narrow neck carries an engraved mark. More com- 
plicated apparatus, such as that designed by Brtihl, 
based on Sprengel’s form, is employed where greater 
accuracy is sought (Ann. 203, 4) (Fig. 10). Descriptions 
of modified pyknometers will bo found in Ladenburg’s 
Handworterbuch, 3, 238. A convenient form by 

Ostwald is described in J. pr. Chem. 16, 396. To 
obtain comparable results, it is recommended to make 
all determinations at a temperature of 20° C., and refer 
these to water at 4° and a vacuum. If m represents 
the weight of substance, v that of an equal volume of 
water at 20°, then the^ specific gravity at 20° referred 
to w^ater at 4° and a vacuum (with an accuracy of four 
decimals), may bo ascertained by the following equation 
(Ann. 203, 8) : 

_ 0-99707 

e/io = .j- 0-0012. 

V 

To find the specific volumes at the boiling tempera- 
ture, t he specific gras ity at some definite temperature, 
the coefficient of expansion and the boiling point must 
be ascertained ; with these data the specific gravity at 
the boiling point is calculated, and by dividing the molecular weight by this, 
there results the njjecific or molecular volume. Kopp’s dilatometer (Ann. 94, 
257 : Thorpe, J.C.iS. 37, 141 ; Weger, Ann. 221, 64), is employed in obtaining the 
expansion of liquids. For a method of obtaining the direct specific gravity at 
the boiling point, see Ramsay (Ber. 12, 1024), SchifI (Ann. 220, 78 : Bor. 14, 
2761), Schall (Ber. 17, 2201), Neubeck (Z. physik. Chem. 1, 652). 

Kanonnikow, as well as Kopp and his followers, employed the “ true density ” 
in his calculations, not the figure as foimd directly. This he took as being tlu^ 
reciprocal of Lorenz’s refraction constant, since, according to the Clausius and 
Mosotti theory, it constitutes the fraction of the total volume of a body which is 
actually occupied by the molecules themselves (C. 1899, II. 858 ; 1901, I. 1190). 



3. MELTING POINT 

Every pure compound, if at all fusible or volatile, exhibits a 
definite melting temperature. It is customary to determine this for 
the characterization of the substance, and as a test of its purity. The 
melting point of a pure compound is not changed by recrystallization. 
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The slightest impurities frequently lower the melting point very con- 
siderably, and when foreign substances are present in larger amounts 
the melting point is irregular and not well defined — i.e. there is not 
a definite melting point. If two different substances have the same 
melting point, a mixture of them will show a considerably lowered 
melting point. The converse of this is of importance when establish- 
ing the identity of two bodies — the mixture must have the same 
melting point as each of the separate substances. Pressure infiuences 
the melting point to a very slight degree. 

In some crystalline carbon compounds a double melting point is 
observed. When heated, the substance first melts to a doubly refract- 
ing, turbid “ crystalline liquid ” (Li), which becomes clear and isotropic 
at a higher temperature (Lg, the “ clearing point ”). On cooling, the 
reverse order of changes may be observed : 

Lj L2 

Solid crystals]^ “ Crystalline liquid ” ^Amorphous liquid. 

The phenomenon apparently depends on chemical constitution, and is 
observed mainly in aromatic compounds, chiefly acids, acid esters, 
ketones, and phenolic ethers containing an azo- or azoxy- group. 
It is also shown by many cholesterol derivatives. (See Vorldnder, 
Kristallinisch fliissige Substanzen, Stuttgart, 1928 : Theory of liquid 
crystals, see Physik. Zeitschr. 9 , 708 : 10 , 32, 230 : 12 , 61, 837). 

Deter mitiation of the Meltimj Point. — The most accurate method would be to 
immerse the thermometer in the molten substance ; this, however, w'ould require 
large quantities of material {Landolty Ber. 22 , K. 638). 

Ordinarily, a small quantity of the finely pulverized inat-erial is introduced 
into a capillary tube closed at on<‘ end, w^hich is attached to a thermometer, for 
instance, by a thin platinum w ire, in such a way that the thermometer and capillary 
tube are on the same level. Alternatively, the substances may be pressed between 
two cover glasses (C, 1900, I. 241). A beaker containing sulphuric acid or liquid 
paraffin is used to furnish the heat, which is kept uniform throughout the liquid 
by agitation with a glass stirrer. A long-necked flask, containing sulphuric 
acid, is sometimes emploj^ed, in which a test tube is inserted or fused : in the 
latter case it is necessary that the flask should be ])rovicled w'ith a side-tubulure 
(Fig. 11) (Ber. 10 , 1800 : 19 , 1971 : Am. Chem. J. 5, 337 ; V. 1900, 11. 409). 

For other and more sensitive melting-point apparatuses, see HouheHy Methoden 
der organischen Chemie, 1921, Bd. I, 727 fieqq. 

When the mercury thread of the thermometer extends far above the surface 
of the bath, it is necessary, in accmrate determinations, to introduce a correction, 
by adding the value n(T — /) 0 0001 54 to the observed point of fusion, where n 
is the length of the mercury column projecting beyond the bath expressed in 
degrees of the thermometer, T is the observed temperature, and t the tempera- 
ture registered in the middle of the projecting portion of the mercury column ; 
0-000154 is the apparent coefficient of expansion of mercury in glass (Ber. 22 , 
3072 ; Literature and Tables). After the melting point has been approximately 
determined with an ordinary thermometer a more accurate determination may be 
made by introducing a shorter thermometer, divided into fifths, with a scale 
carrying a limited number of degrees (about 50"). 

The lack of agreement between the melting points of the same compound as 
determined by different workers, is often sufficient to prev ent identification. This 
is not so much due to the thermometers as to the manner in which the deter- 
mination is made. By rapid heating the mercury of the thermometer will not 
have time to assume the fusion temperature. In the region of the melting point 
the heat must be moderated so that during the course of the fusion the ther- 
mometer rises very slowly. Far more concordant figures might be obteuned if 
a general use of short-scale thermometers were adopted and the time agreed 
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upon for the inorcury of tfio thermometer to rise through one degree of the scale 
during the obser\ ation. 

Determination of low melting points, using an oir ihintwrnctvr, see Ber. 26, 
1052 : using a thermocouple^ see Ber. 33, 037. 
Apparatus for melting points below — 100"’, see 
Ber. 50, 150. 

Determination of high melting points, see Bor. 
28, 1020: 60, 811 : J. pr. Chem. 116, 291 : at 
red heat, Ber. 27, 3129. 

Melting point of coloured compounds, Ber. 8, 
(•>87 : 20, 3290. 

Regularities in Melting Points. — (1) In the case 
of isomers it has been observ’ed that the member 
possessing the most symmetrical structure gener- 
ally shows tlie highest melting point ; for instance, 
among the aromatic series, yjciro-comyjounds molt 
at a higher temperature than ortho- or mcto-com- 
pounds. (2) Of the alkyl esters of the carboxylic 
acids those with the methyl residue hav e a higher 
melting point than that of the next homologues 
(see oxalic esters). (3) In homologous series with 
like linkages the melting point alttanately rises and 
falls (see saturated normal aliphatic mono* and 
dicarboxylic acids, Ber. 29, B. 411 ; C. 1900, I. 
749). The members, having an uneven number 
of carbon atoms, have the lower melting points 
{Ikieye}\ Ber. 10, 128(>). ''Phis is also true of acid 
amid(‘s having from 0 to 14 carbon atoms (Ber. 27, 
B. 551), and for tlu' ]H)nnal primary diamines 
(C. 1900, II. 1003 : 1901, 1. 010, etc. : Z. physik. 
Chem. 50, 43). (4) In the case of the benzene 

nitro-compounds and their derivat ives — the azoxy-, 
azo, hydrazo-, and amino- bodies— as well as the 
corresponding diphenyl compounds, it has been 
observed that as oxygen is withdrawn the melting 
])oint ris(‘s until the azo-derivatives are reached, 
when it desc'cndsto the amino-bodies {G. Schultz^ 
.Ann. 207, 302). To all these regularities among 
melting points there exist numerous exceptions {Graham-Otto, Lohrbuch der 
Chemie, Vol. 1, part 3 (1898), p. 505: Franrhimont, (\ 1897, IT. 250). For 
the melting points of mixtures, see Ber. 29, H. 75. 

4. BOILING POINT : DISTILLATION 

The boiling ])oints of carbon derivatives, which are volatile without 
decomposition, are as important for the purytose of characterization as 
the melting points. In case of the latter the influence of pressure is 
so slight that it can be neglected, but the former vary very markedly 
when small changes in pressure occur. Hence in stating a boiling 
point accurately it is necessary to add the pressure at which it was 
observed. When the quantity of material is ample the boiling point 
is determined by distillation. For the determination of the boiling 
points of very small amounts of liquids, see Ber. 24 , 2251, 944 : 19 , 
795 : 14 , 88 : Monatsh. 38 , 219. 

Distillation under Ordinary Pressure. For this purpose a spcnial flask is 
employed, the long neck of whi(;h is provided wit h a side tube point ing downwards 
at an angle. The neck of the flask is closed with a stopper, b(^aring a thermometer. 
It must not be forgotten that very frequently the vapours of organic substances 
attack ordinary corks or those of rubber, therefore the exit tube should be placed 
a considerable distance from the end of the nec:k ; or the neck may be narrowed 
at the upper end and the thermometer held in position by means of a piece of 
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india-rubbor tubing passed outside it. The mercury bulb of the thermometer 
should be slightly below the level of the exit tube in the neck of the flask. The 
latter should be at least one-half filled with the liquid to be distilled. 

Tf the thermometer is not wholly immersed in the vapour, the expdsed part 
of the scale will not be heated to the same temperature as that exposed to the 
vapour, hence the recorded temperature will be less than the true one. The neces- 
sary correction is the same as that which has already been given for the melting 
point. By using a shorter thermometer with a scale not exceeding 50 which 
can be wholly surrounded by the vapour, the correction becomes unnecessary. 

In general, when the boiling point “ under ordinary pressure ” is recorded, 
it is understood to mean at 700 mm. of mercury. If the barometric column does 
not indicate this amount during the distillation, a second correction is necessi- 
tated (Ber. 20, 709 Landolt-Boernstcin , Tabellen, 5th edition, 1923, p. 177). 
To av oid this it is possible to adjust the pressure in the apparatus to the normal. 



for which purpose the regulators of Iinntr (Ann. 168, 139) and Lothar Merjcr 
(Ann. 165, 303) are suitable. 

DistillatloK undvr Reduced Rrc-ssurv .* — Attentioii has already been directed 
to the great variation in boiling ])oints with variation in temperature. Many 
carbon derivatives whose decomposition temperature, at the ordinary pressure, 
is lower than that of their boiling points, can be boiled under reduced pressure 
at temperatures below the jioint at which they break down. Distillation under 
reduced pressure is often the only means of purifying liquids which decompose 
when boiled at the ordinary pressure, and which cannot be crystallized. This 
method is of primary importance in scientific research in the laboratory, and is 
largely used in technical operations. 

Distillation under reduced pressure of easily solidifying bodies has been 
facilitattnl by the introduction of flasks to which receivers are fused or ground 
in (Fig. 12). The thermometer is introduced into a thin-walled tube diawn out 

* Compare Aiischutz and Rcdtei\ Die Destination unter verinindertem Druck 
im Laboratorium, 2nd ed., 1895, Bonn. The tables in this book record the 
boiling points of over 400 inorganic and organic substances under reduced 
pressure. Oeorg IT. Kahlbaum^ Siedetemperatur und Druck, Leipzig, 1885. 
Dampfspannkraftsmessungen, Basel, 1 893. Meyer Wilderiiiann, Die Siedeternper- 
aturen der Korper sind eine Funktion ihrer chemisehen Natur (Ber. 23, 1254, 
1468). IT. Nernst and A. Hesscy Siede- und Schmelzpunkte, Braunschweig, 
1893. Lechenberg, Theorie der gewinnung und Trennung der atherischen Ole 
durch Destination, Leipzig, 1910. 
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into a capillary, the other end of which is closed with rubber tubing and a clip. 
For most purposes a two -necked flask (so-called Claiscn flask) is used. To prevent 
bumping, air, or, in tlio case of easily oxidized substances, an inert gas, is drawn 
through the capillary. 

For distillation at very low pressures, a Gaede pump (improved by Volmery 
Ber. 52, 804) backed by a water pump may be used. This rapidly reduces the 
pressure to 0 01 to 0 001 mm. See also Anschutz, Ber. 59, 1791. 

A still simpler method of attaining very low pressures consists in the employ- 
ment of liquid air. A vessel, containing ver>" finely divided pure blood -charcoal, 
or coconut charcoal, is interposed between the apparatus illustrated in Fig. 12 
and the air pump. On cooling it with liquid air the small amount of gas left in 
the apparatus condenses in the charcoal, and the pressure falls to a fraction 
of a millimetre. If the apparatus is filled beforehand with COg, the charcoal 
can be omitted (Ber. 38, 4149). 

For distillation under any desired pressure, the apparatus of Staedel (Ann. 
195, 218 : Ber. 13, 839), and Schumann (Bor. 18, 2085), may be used. For 
mercury thermometers registering temperatures to 550°, see Ber. 26, 1815 ; to 
700°, Ber. 27, 470. 

Fractional Distillation . — Liquids having different boiling points can be 
separated from mixtures by fraotional distillation — an operation that is per- 
formed in almost every distillation. Portions boiling between definite tempera- 
ture interv^als (from 1-10°, etc.) are collected separately and subjected to repeated 
distillation, those portions boiling alike being united. To attain a more rapid 
separation of the rising vapours, these should be passed through a vertical tube, 
in which the vapours of the higher boiling compound condense and flow back, 
as in the apparatus employed in the rectification of spirit or benzene. To this 
end there is placed on the boiling flask a so-called fractionating column {Wilrtz). 
Excellent modifications of this have been described by Linnemayin, Le Bel, 
Hetnpef Young, and others. For the action of these “ heads,” see Ann. 224, 
259 : Ber. 18,^ R. 101 : Ann. 247, 3 : Ber. 28, H. 352, 938 : 29, H. 187 : 43, 
419: Chem. Ztg. 37, 1441. The action of these tract ionating columns is increased 
if enclosed by a liighly evacuated jacket (Ber. 39, 893, footnote). 

Relation of Boiling Point to Constitution * — (1) Generally the boiling point 
of members of a homologous series rises with the increasing number of carbon 
atoms. (2) Among isomeric compounds of equal carbon content, that possessing 
the more normal structure boils at a higher temperature. The accumulation of 
methyl group.s depre.sses the boiling point (Chem. News, 100, 293). It is note- 
worthy that the lowest boiling isomers possess the greatest specific volume (Ber. 
15, 2571). (3) Cnsaturated compounds boil at a higher temperature than those 

which are saturated. (4) The substitution of a hydrogen atom by a hydroxyl 
group raises the boiling point about 100°. 

The connection existing between the boiling points and chemical constitution 
of the compounds will be discussed later in the several homologous groups. 

5. SOLUBILITY 

The hvHrouarbons and their halogen substitution products are 
either insoluble, or only very slightly soluble, in water. They dissolve, 
however, very readily in alcohol and in ether, in which most other 
carbon derivatives are also soluble. f 

Ether, but slightly miscible with water, is employed to extract many substances 
from their aqueous solutions, separating funnels being used for this purpose. 


♦ On the connection between the boiling point and the chemical constitution 
of a substance, as known at present, see Graham Otto ^ Lehrbuch der Chemie, 
Vol I, part 3, p. 535 (1898); also Menschutkin^ C. 1897, II. 1067. 

f For the regularities among the solubilities of isomeric carbon derivatives, 
consult Carnelley^ Phil. Mag. [6] 13, 180 ; Carnelley and Thomson^ J.C.S. 53, 801. 

For apparatus suitable for determining solubility, see V . Meyer, Ber. 8, 998, 
and Kohler, Z. anal. Cliem. 18, 239; Ber. 30, 1752. 

Solubilities of organic substances, see Landolt’BOrnstein, Physik.-chem. 
Taliellen, 5. Aufl. 1923 : Seidell, Solubilities of Inorg. and Org. Substances, 1920 : 
supplement, 1928 (New York). 
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The more oxygen a compound contains, the more readily soluble is it in water ; 
especially is this true when several of the oxygen atoms are present as hydroxyl 
groups.* 

The first members of homologous series of alcohols, aldehydes, ketofies, and 
acids are soluble in water, but as the carbon content increases, the hydrocarbon 
character, in relation to solubility, becomes more and more evident, and the 
compoimds become more and more insoluble in water. 

In addition to water, alcohol, and ether, other liquids are employed as 
solvents, such as carbon disulphide, chloroform, carbon tetrachloride, methylal, 
acetone, glacial acetic acid, ethyl acetate, benzene, toluene, xylene, aniline, 
nitrobenzene, phenol, etc. Light petroleum spirit, derived from American 
petroleum, is especially valuable ; it is composed of lower paraffins, and is often 
used to separate compounds from solvents with which it is miscible, because 
very many organic substances are insoluble or dissolve with difficulty in it. 

The solubility of a compound is dependent upon the temperature, and 
is constant for a definite temperature. This means is frequently employed for 
purposes of identification. 

6. OPTICAL PROPERTIES 

(a) Colour. — The majority of organic compounds are colourless. 
There are, however, a large number of substances, particularly belong- 
ing to the aromatic series, which possess more or less intense colours, 
and some of which are of very great technical importance as colouring 
matters. Investigation has shown that there is a correlation between 
colour and constitution, and that the former depends upon the presence 
of certain groups in the molecules.! These groups, which are respon- 
sible for the colour, are designated as chromophoric groups (0, N. Witt, 
Ber. 9, 522). The most important chromophoric groups are the 
following : >C : C<, >C : O, >C : S, >C:NH, -CHiN-, •N(:0) : N-, 
•N : N-, -N : O, and -NOg. All chromophoric groups are unsaturated : 
the development of colour is probably associated with the presence 
of free partial valencies in such molecules. In this sense, the colour 
of organic compounds can be said to be due to the presence of “ co- 
ordinately unsaturated ” C, N or 0 atoms. ( Werner : see later Pfeiffer, 
Dilthey.) The introduction of a single chromophore group is unable, 
with certain exceptions such as -N : O {Independent chromophores, 
Kauffmann) to lead to the development of colour. In general, com- 
pounds with a single chromophoric group merely develop an absorp- 
tion in the ultra-violet {Hartley). Aliphatic aldehydes and ketones, 
for example, show an absorption band between 2800 pfi and 2700 ///i. 
With the introduction of several similar or dissimilar chromophoric 
groups, the absorption is moved along to the visible part of the 
spectrum and the compound becomes coloured. The juxtaposition 
of chromophoric groups in the molecule, with the development of a 
system of conjugated double bonds, intensifies the unsaturated nature 
of the compound, and at the same time its colour (Ann. 384, 45), e.g. : 

CH3COCH2COCH3 CH3COCOCH3 

ColoiirU‘88. Coloured (Yellow). 

One of the most important combinations of chromophoric groups, 

* Cf. also Staudingcr, Anleitung zur organischen qualitativen Analyse (Springer, 
1923). 

t H. Ley, Die Beziehung zwischen Farbe und Konstitution organischer Verbin- 
dungen, Leipzig, 1911 : H enrich, Theorien der organischen Chemie, Braunschweig, 
1924. 
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which is responsible for many technical colouring matters, occurs in 
o- and p-benzoqiiinones. 

CH C : O 

HcL Jc : O Hci jcH 


CH C : O 

o-Brnzcxjuinono. /j-BenztxiiiinoiH', 

The colour of a compound containing a chromophoric group (such 
compounds are sometimes described as chrornogens) is markedly 
intensified by the introduction of certain substituents such as hydroxyl 
or amino groups. These groups, which of themselves have no chromo- 
phoric properties, are termed auxochromes (cf. Chem. Ztg. 34, 1016). 
Opinions as to the mechanism of auxochromic action are divided 
(cf. Kauffmanv, Die Valenzlehre, Stuttgart, 1911). The colouring 
matters of actual technical importarjce almost all belong to the 
aromatic series, and contain in addition to a chromophore, one or 
more auxochromic groups, which by virtue of their capacity for form- 
ing salts facilitate their fixation to animal or vegetable fibres. 

The quinhvdrones exhibit remarkable colours. These are com- 
pounds formed by the union of a quinone with its dihydrogenated 
reduction product, a dihydric phenol. Quinhydrones invariably 
dis})lay a more marked colour than their related quinones. For 
example, the simplest quinhydrone, constituted by a molecule of 
(yellow) benzoquinone and a molecule of (colourless) hydroquinone, 
forms greenish-black crystals, with a metallic lustre. Quinones yield 
similar intensively coloured addition products with monohydric 
phenols, aromatic amines and hydrocarbons (Ann. 368, 277 : 404, 1). 
These compounds are more or less completely dissociated into their 
components in solution, and are to be regarded as molecular com- 
pounds, in which the second molecule is linked to the oxygen atom 
of the quinone by a co-ordinate link (Ann. 368, 287 : 404, 1 : Ber. 
46, 1843). Willstatter in the course of his investigations of Wurster’s 
red (.see V^ol. 11) has shown that the meriquinoid system of the quin- 
hydrones (a benzenoid ^ a quinonoicl nucleus) exists in many colour- 
ing matters (Ber, 41, 1465). The more or less coloured addition 
compounds of aroiuatic hydrocarbons, amines and phenols with picric^ 
acid, tetianitromethane and similar substances belong to this group. 
The halochromy of unsaturated ketones, i.c. their capacity to combine 
with acids and salts with the formation of deeply coloured labile, 
salt-like addition products should also be mentioned here (cf. P. 
Pfeiffer, Ann. 376, 285 : 383, 92 : 404, 1 : 412, 53). The quinones, 
as a special class of unsaturated ketones, show the same property. 
The similarity of the various types of addition compound is demon- 
strated by the following formula? : 

C-O CeH.OH 

H c/\cH C^gH^ CH : CH\ 

II H >C-0 HX 

HC^^CH C«H,CH:Ch/ 


CeHsOH 


O 

II 


R_N = 0 CeHfl. 
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As an explanation of the intense colour of these molecular com- 
pounds, it may be considered that through the partial saturation of 
an oxygen valency by the addendum, free valencies are formed on 
the carbon atom of the carbonyl group, or nitrogen atom of the nitro 
group, and thereby develop in these atoms the character of a strong 
chromophoric group (Ann. 376 , 292 : 383 , 92 : 404 , 1 ). The com- 
pounds are thereby represented similarly to the intensively coloured 
triarylm ethyls, AraC-** (Ann. 371 , 1 ) and the metallic derivatives 
of the ketones, the so-called metal ketyls, RgC-OM (Ber. 46 , 2840). 

Compounds of the type of triphenylcarbinol, ((^\jH 5 ) 3 C-OH, show 
particularly well-marked halochromy. It is probable that here, too, 
the development of colour is due to the formation of free partial 
valencies (Ann. 383 , 121 : r/. Ber. 38 , 570 : 39 , 2977, and under 
halochromy, p. 53). 

According to Dilthey (J. pr. Chem. 109 , 237) the development of 
an ionic link is of great importance as regards the colour of an organic 
compound. Phenyltolylnaphthylchloromethane is colourless, and dis- 
solves in cold benzene to form a colourless solution. On warming 
its solution in tetrachloroethane, acetic anhydride, etc., an intense 
violet colour is produced, due to the dissociation of the chlorine and 
the formation of an unsaturated central atom (chromophore) as 
follows : 


(CcH,)(C,Hd(CioH;)CCl [(CcH,)(C,H,)(C,,H,)C]- [Ci]- 

Colourless. ('olouriHl. 

The regularities in the colours of the salts of the di- and triphenyl - 
methane dyestuffs, the indigoid colouring matters, etc., can be viewed 
from the same standpoint : co-ordinatively unsaturated ” nitrogen 
atoms can be regarded as the cause of the deep colour, and the same 
holds for the oxazine, thiazine and azinc colouring matters (J. pr. 
Chem. 109 , 298 : Z. angew. Chem. 1926 , 546 : 1927 , 939). 

For the practical study of the absorption by compounds containmg chromo- 
pbores, the method of graphic representation introduced by Hartley and 
developed by Haly, Bielecki, Henry, Weigert and others is of value. Ordinates 
are the tfiickness of the layer in millimetres, or for practical reasons, the logarithm 
of the thickness, for a solution of suitable concentration, the abscissa* the 
frequencies (or sometimes wave-lengths). 

The following absorption curve of azobenzene is taken from Ber. 43 , 1189 : 
The curve shows that red azobenzene shows two well-marked absorption maxima : 
the strongest at a, frequency :120(), and clearly shown by a AVBIOOO solution, 
the weaker at 0, frequency 2200, and only shown by stronger solutions. Similar 
absorption curves are useful in showing constitutional differences, especially if 
one measures the absorption quantitatively as done l)y Bielecki and Henry 
(Ber. 45 , 2819 : 46 , i:i04, 2r)90, 3027, 31)50 : see also the numerous absorption 
curves in Landolt-Bdrnslcin, Physikal.-chem. Tabellen, Erganzungsbd. 1927,437). 

The theory of light absorption has been developed by Lambert. According 
to him it can be represented by the following equation : 

I ^ lo.c-K. 

where is the intensity of the incident light, and I the intensity of the emergent 
light, d the thickness, K a constant for the compound concerned, and c the basis 
of natural logarithms (2-71828...). The equation can bo rewritten: 

== K.d or log ^ k.d 

(where k — K/2*3()2(> to convert to decimal logarithms). 



64 


ORGANIC CHEMISTRY 


Frequency 



The expression log — — h.d is described as tlie extinction. In the case of 
solutions the concentration is introduced 

Extinction — c — log ^ k.c.d. 

From this formula, Beer's law is doducible, which says that for equal absorption 
(c equal) the concentration is inversely to the thickness of the absorbing layer : 

Cj I C2 • • d^ • dj. 

This law’ is the basis of colorimetry. 

Fluorescence. — The fluorescence of organic compounds is deter- 
mined by the presence of various fluorophoric groups in the molecule 
{R. Meyer, Ber. 31 , 510 ; C. 1900, II. 308 : Chem. Ztg. 29 , 1027 : 
Ann. 344 , 30 : Ber. 41 , 2988, 4396 : Z. physik. Chem. 86 , 36 : H. 
Kauffrrvann, Die Beziehung zwischen Fluorescenz und chemischer 
Konstitution, Stuttgart, 1906 : Ann. 393 , 1 : Ber. 54 , 2492 : 55 , 3911). 

(b) Refraction.* — The carbon compounds (like all transparent 
substances) possess the power of refracting light to a varying degree. 
The refractive index (n) for homogeneous light passing from medium 

♦ F. Eisenlohr, Spektrochemie organischer Verbindungen, Stuttgart, 1912, 
W, A. Roth and F, Eisenlohr, Kefraktometrisches Hilfsbuch, Leipzig, 1011. 




REFRACTIVITY 


65 


1 into medium 2, represents the ratio of the velocities of propagation 

Vi and 2^2 in both media ; ri = For single refracting nledia, in 

which similar optical behaviour is observed in all directions (a con- 
dition which is seldom found in crystals), n is independent of the 
direction of the incident light, so that if i and r are the incident and 
V sin % 

refractive angles n — ~ = - — a constant for light of a definite 
Vg sin r ® 

wave-length. 

In the determination of refractive indices, in order to obtain 
readily reproducible results, monochromatic light of known wave- 
length is used. The wave-lengths usually employed are sodium light 
(D line) and the three principal hydrogen lines H* (red), (green) 
and Hy (violet). The refractive index varies with temperature, and 
this must also be recorded : for example, indicates the refractive 

index for sodium light at 20° C. The values so determined are affected 
by dispersion, and it is not at present possible to calculate a refrac- 
tive index to eliminate the dispersion effect by any dispersion formula. 

The determination of refractive index can be carried out very 
rapidly, with a small quantity of liquid, by the use of the Abbe or 
Pulfrich refractoraeters, or a Zeiss refractometer (Z. physik. Chem. 
18 , 294 : Ber. 24 , 286). 

Specific Refractive Power. — The refractive index (n) varies with the 
temperature, consequently also with the specific gravity of the liquid. 

Their relation to each other is approximately expressed by the 
equation : 

n - 1 - 1 1 

, — — const. or - — - • , — const.'*' 

a + 2 d 

((jlliidstoue's formula). (Lorenz and Lnrentz’s formula). 

7t-forinula. n*-formula. 

where d is the sp. gr. of the liquid, determined at the same tempera- 
ture as the refractive index. The constant remains practically 
unchanged for any temperature. 

Molecvlar Refractive Power or Molecular Refraction is the specific 
refractive power of a substance multiplied by its molecular weight M, 
It is represented by [Rq] or [Rl\ according to whether Gladstone’s 
or the Ti^.formula is adopted : 

It is immaterial which of the two formulae is employed in the 
examination of stoichioinetrical questions, so long as liquid substances 
are referred to. 

The Gladstone formula gives values which fall with rise in tem- 
perature, whereas with the Lorenz -Lorentz formula, values tend to 
rise. At the present day the iiMormula is used almost exclusively. 

The molecular refraction of a liquid carbon compound is equal to 
the sum of the atomic refractions r, r', r'' : 

[i?] = ar + W + cr", 

* Qraliam-OttOy Austulirliches Lehrbuch der Chemie, Bd. I, 3 Abt., p. 567 
(1898) : H. A. Lorentz^ The Theory of Electrons, Leipzig, 1909 : Eacken, 
Grundriss der physikalischen Chemie, Leipzig, 1922. 

VOL. I. F 
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in which a, 6, c, represent the number of elementary atoms in the 
compound. The atomic refractions of the elements are deduced from 
the molecular refractions of the compounds obtained empirically, in 
the same manner as the atomic volumes are obtained from the mole- 
cular volumes. Only the univalent elements have a constant atomic 
refraction ; that of the polyvalent elements, e.g. oxygen, sulphur, 
carbon, is influenced by their manner of union. 

This is seen in the rise in the molecular refraction by a constant quantity, 
amounting to 1*733 in the case of the rj* -formula, for each double bond. A 
treble bond possesses the value of approximately 2*398 : these values are 
referred to as “ increments.^' 

The following table gives the atomic refractions for various atoms calculated 
from numerous observations by Eisenlohr (Z. physik. Chem. 75 , 585 : 83 , 429) : 




“a- 

1). 


=r- 

Carbon (single bond) .... 

C 

2*413 

2*418 

2*439 

2*466 

Hydrogen 

H 

1*092 

1*100 

1*115 

1*122 

Oxygon (carbonyl) .... 

O" 

2*189 

2*211 

2*247 

2*267 

Oxygen (ether) 

o< 

1*639 

1*643 

1*649 

1*662 

Oxygen (hydroxyl) 

O' 

1*522 

1*525 

1*531 

1*541 

Chlorine 

Cl 

5*933 

5*967 

6*043 

6*101 

Bromine 1 

Br 

8*803 

8*865 

8*999 

9*152 

Iodine 

I 

13*757 

13*900 

14*224 

14*251 

Double bond ■ 


1*683 

1*733 

1*824 

1*893 

Triple bond 


2*328 

2*398 

2*506 

i 

2*538 


The atomic refractions of sulphur and nitrogen vary enormously according 
to the mode of linkage of these elements (Z. physik. Chem. 79, 129, 481 : 
Ami. Chim. et Phys. [8] 25, 529 : J.C.S. 101, 1259). Chlorine shows a higher 
refractivity in acid chlorides than in alkyl chlorides (Ber. 45, 2781). 

The molecular refraction calculated from the observed density and 
refractive index can be compared with that calculated by addition 
from the various atomic refractions given in the above table. By 
this method important evidence as to the mode of linkage of the 
atoms in an organic compound can be obtained. Thus, for example, 
the molecular refraction of benzene which is 5*2 (3 x 1*733) units 
higher than that calculated for Cg + Hg lends support to the existence 
of three double bonds in the benzene nucleus. 

In many tautomeric (desmotropic) compounds (see p. 48) the 
determination of the molecular refraction enables a decision to be 
arrived at as to whether the enol- or keto-form is being dealt with, 
or the proportions of each when they exist together (J. pr. Chem. 
[2], 50, 119: Ber. 38, 1868: 44, 3514). 

More recent investigations of Briihl (Ber. 40, 878, 1173 : 41, 3712) 
and of V. Auwers and Eisenlohr (J. pr. Chem. [2] 82, 65 : 84, 1, 37 : 
Ann. 387, 165, etc.) have shown that even more subtle structural 
differences in the molecule influence the molecular refraction. For 
example, compounds with systems of conjugated double bonds (p. 28) 
almost invariably show a higher molecular refraction than that cal- 
culated from the above table, even when allowance has been made 
for the existence of the double bonds in the calculation. This excess 
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in the molecular refraction over that calculated is designated by 
Briihl the exaltation. This value, unlike the increment due to.isolated 
double bonds, is not a constant quantity, but increases with increase 
in the molecular weight of the compound. To obtain comparable 
values for the exaltation, a device of v. Auwers and Eisenlohr is used, 
the observed exaltation being divided by the molecular weight and 
multiplied by 100. The value so found is designated the specific 
exaltation and is denoted by the symbol the actually observed 
exaltation being denoted by EMr (Ber. 43, 806). 

Another value frequently used in attacking constitutional problems 
is the molecular dispersion. This is the difference between the mole- 
cular refractions for light of two different wave-lengths. In practice 
hydrogen light is usually used and the lines Ha and Hy used. The 
molecular dispersion is then given by the formula 




\ny^ + 2 


- 1 \M 
Ha* + 2/ d * 


Here also the observed values can be compared with the calculated. 
If the observed value exceeds the calculated, the term dispersion 
exaltation is used, and where less than calculated the term depression. 
For comparative purposes, the actually observed dispersion is not 
usually used, but the observed dispersion expressed as a percentage 
of the calculated (Ber. 43, 806). 

The development of exaltation is connected intimately with the 
constitution of the compound concerned as shown by the investiga- 
tions in particular of v. Auwers and Eisenlohr (Ber. 43, 806, 827 : 
J. pr. Chem, [2] 82, 65 : 84, 1 : Ann. 387, 165 : 409, 149 : 410, 287 : 
413, 253 : 415, 98, 169). 

If both refraction and dispersion show exaltations, the compound 
has either 


(a) a semicyclic double bond, 

(b) a ci/cZopropane or ci/cZobutane ring, 

(c) an undisturbed conjugated double bond. 

At times, however, the findings are disturbed by the accumulation 
of substituent groups. 

Ring closure of olefinic compounds (dienes and trienes) to ring 
compounds is always associated with a diminution of the specific 
exaltation (Ann. 415, 98). 


(r) Dielectric Constant. — The electrostatic force by which two electrified 
bodies affect one another varies with the nature of the insulating dielectric 
medium *’ which separates them. Taking air as unity, the measurement made 
with another substance under similar circumstances gives the dielectric comtani 
of that medimn. This value, usually indicated by has been taken for a large 
nmnber of carbon compounds ; * for example 


e e 

Gases and vapours, about . . 1*0 Fatty acids, about . . . 2-6-7-0 

Liquid hydrocarbons . . . 2-0-2*5 Fatty acid esters .... 5-9 

Carbon disulphide .... 2-6 Fatty alcohols .... 10-35 

Fthyl ether 4*5 Water 80 


* On the method of measurement for chemical purposes, see Z. physik. 

Chem. 14 , 022 : 24 , 21 : Wied. Ann. 57 , 215 ; 60 , 000 ; Drude, Z. physik. 
Chem. 23 , 207. 
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The electromagnetic theory of light is based on the fundamental principle 
that light and electromagnetic waves are of the same nature, differing from one 
another only in length. The refractive index for an infinitely long wave can 
be closely connected to the dielectric constant, by the relation V e = iicn. The 
determination of the dielectric constant thus supplies directly a value for the 
refractive index free from dispersion, analogous to the Lorenz formula (p. 65). 

M . ^ — const.* 

e + 2 d 

The values obtained in investigations so far carried out have not led in 
general to a good correspondence with those derived by optical methods, whilst 
the optical molecular refraction measurements show an additive character (at 
least for compounds of similar constitution), the values obtained by electrical 
methods are influenced by insignificant differences in constitution of each sub- 
stance (C. 1911, 1. 953). In this case there is no possibility of calculating “ atomic 
refractions,” but rather to trace and disclose differences in constitution by elec- 
trical means, for which purpose it is of great eissistance. Under certain circum- 
stances the attendant phenomenon of anomalous electrical absorption is to bo 
observed, i.e. the partial change of electrical into heat energy. Almost all the 
non-conducting carbon compounds which give rise to this absorption contain 
the hydroxyl group. On this observation is based a method of detecting and 
demonstrating the mutual change of keto- and end- forms {Drudcy Ber. 30 , 940 ; 
Z. physik. Chem. 23 , 308, 318). Further progress in this investigation will 
doubtless yield important results. 

The vapours of many groups of aliphatic and specially aromatic bodies 
absorb Tesla currents at ordinary pressure and change them into light waves. 
Such substances, for example, are the primary aromatic amines, and the simple 
aliphatic aldehydes and ketones. In the latter erase the keto- group seems to be 
the vehicle of the luminescence, at any rate neither the vapours of paraldehyde 
nor of acetaldehyde become illuminated {//. Kauffynanny Her. 35 , 473). 

(d) Optical Rotatory Power.f Rotation of the Plane of Polariza- 
tion by Liquid or Dissolved Carbon Compounds, — Biot, in 1815, observed 
that many naturally occurring bodies such as the sugars, the terpenes, 
and camphors, were capable of rotating the plane of polarized light. 
He also showed, in 1817, how the vapours of turpentine also deviated 
the plane of polarization, and concluded that this power was a property 
of chemical molecules. Such bodies are termed optically active com- 
pounds. 

Specific Rotatory Power [a] The angle of rotation a is proportional 
to the length I of the rotating column (usuaUy expressed in deci- 
metres) ; hence the expression ^ is a constant quantity. To compare 

substances of different density, in which very unequal masses may 
be contained in this column, they must be referred to a like density, 
and hence the rotation must be divided by the sp. gr. of the sub- 
stance at a definite temperature. The expression 

is called the specific rotatory power and is designated by [a]D when 
the rotation is referred to the yellow sodium line D. For solid, 

* Landolt and JahUy Z. physik. Chem. 10 , 289. See also Oraham-OttOy Lehrb. 
der Chemie, I. part 3, p. 650, 1888. 

f LandoUy Das optische Drehmigsverm gen organischer Substanzen und 
die practische Andwendung derselben, 2nd edition, Braunschweig, 1 898. Walden^ 
Ueber das Drehungsvermbgen optisch aktiver KOrper, Ber. 38 , 345. 
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active substances, in an indifferent solvent, the equation employed is 


[a] 


lOOg 

p.l.d* 


or 


r , 100a 

[“J ^ ij- 


where j) represents the quantity of substance in 100 parts by weight 
of the solution, c the weight of substance in 100 c.c., and d represents 
the specific gravity of the latter. 


This specific rotatory power is constant for every substance at a definite 
temperature ; it varies, however, with the latter, and, in the case of solutions, 
with the nature and quantity of the solvent. So much is this the case, that 
under various conditions the angle of rotation for one and the same substance 
can become zero or even change in sign. Therefore, in the statement of the 
specific rotatory power of dissolved substances the temperature and percentage 
strength of the solution are always given as well as the nature of the solvent. 

In many cases the addition of substances such as salts, etc., causes a change 
in the rotation. Such active bodies, including tartaric acid, malic acid, mandelic 
acid, and others, which contain an alcoholic hydroxyl group, are powerfully 
influenced by the addition of alkali borates, molybdates, tungstates, and uranates. 
The phenomenon depends apparently on the formation of complex combinations 
(Bor. 38, 3874, etc.), and can sometimes be used to increase the rotation of active 
substances, of which the rotatory power would otherwise be too small to be 
measured alone, either on account of specific value being insignificant or because 
the solution employed is too weak. (See Landolt, loc. cit. p. 220 : Walden, 
Ber. 30, 2889.) 


Mutarotation is the term used to denote the phenomenon first 
observed by Dubrunfaut in 1846 of an alteration of the initially 
observed rotation of a compound. The rapidity with which a solution 
reaches its constant end -value is markedly influenced by the H- and 
OH-ion concentration of the solution. The phenomenon depends 
upon an isomeric change taking place in the solute. 

Numerous investigations have been made in studying the relation 
between constitution and the magnitude of the optical rotatory power 
(Walden, Lecture, Ber. 38, 355 : Rupe, Ann. 327 to Ann. 409). 
The action on polarized light appears to be conditioned by the same 
constitutional influences as those affecting the molecular refraction. 

In the case of compounds containing several asymmetric carbon 
atoms, particularly the sugars, the investigations of C. S. Hudson 
have produced methods by which the contribution of the various 
individual asymmetric atoms can be calculated, and from this the 
specific rotatory power of compounds for which it is unknown, can 
be prophesied (J.A.C.S. 32, 338 : 33, 405 : 39, 462 (phenylhydrazides) : 
40, 813: 41, 1141 (amides of sugar acids). 

Molecular rotatory power is the product of the specific rotatory 
power [a] and the molecular weight M, for convenience to avoid 
very large figures, divided by 100. It is represented by [if] or if[a] 

[Af] or M[a] = X M. 

The most convenient apparatus for the measurement of optical rotation are 
described in the monograph of Landolt previously referred to (footnote, p. 68) 
or in Houben, Arbeitsmethoden, Bd. I, p. 848 (1921). Apparatus for the use of 
small quantities of liquid, see Monatsh. 29 , 333 : Ber. 44 , 129. 

In 1848 Pasteur demonstrated that in optically active substances, such as 
tartaric acid and its salts, the rotatory power is intimately connected with the 
crystalline form, and is usually connected with the presence of hemihedral faces, 
Pasteur considered the asymmetric structure of the molecules of optically active 
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carbon compounds to be the cause of their remarkable action upon polarized 
light. 

According to the theory of van *t Hoff and Le Bel, the activity of the carbon 
compoimdfl is dependent upon the presence of asymmetric carbon atoms or on the 
as3unmetric arrangement of atoms attached to a carbon skeleton in space (p. 38). 

Most optically active carbon compounds contain one or more asymmetric 
carbon atoms : compounds are, however, known whose optical activity is 
due to asjTnmetric nitrogen or other atoms. However, there are many com- 
pounds containing such atoms, which, when they exist as liquids, or when 
in solution, have no effect upon polarized light. This is true when two molecules 
of opposite but equal rotatory power unite to form a molecule of a physical, 
polymeric compound, e.g, inactive lactic acid, inactive malic acid, inactive 
asparagine, inactive aspartic acid, racemic acid, etc. ; also, when the half of a 
molecule neutralizes the rotation produced by the other half, as in mcsotartaric 
acid. 

It has also been shown that in the conversion of optically active bodies into 
their derivatives the activity continues so long as the latter contain asymmetric 
carbon atoms ; when the asymmetry disappears, the derivatives become inactive. 
The two active tartaric acids yield two active malic acids ; active asparagine 
yields activ^e aspartic acid, active malic acid, ete., whilst the symmetrical succinic 
acid that is obtained by further reduction is inactive. 

By the transposition of two substituents on an asymmetric carbon atom it 
is theoretically possible to reverse the optical activity of a substance, and this 
has been carried out practically in the case of iJ^opropylmalonamic acid, the 
d-acid being converted into its enantiomorph by a series of reactions by which 
the COOH and CONHg groups were interchanged (Ber. 47 , 3181). 

If different groups containing asymmetric carbon atoms are introduced into 
a molecule, their optical activities are cumulative and the resultant rotation is 
the sum of the individual rotations {Ouye^ Compt. rend. 119 , 953 ; 120 , 632 : 
121 , 827 : 122 , 932 : Walden, Z. physik. Chem. 17 , 721 : cj. however, Rosanoff, 
Z. physik. Chem. 56, 565). 

By changes in one of the substituent groups on an asymmetric carbon atom, 
as for example by introduction of an ethylenic linkage or ring-formation or 
change of an alkyl group (Compt. rend. 136 , 1222 : 140 , 1205 ; J.C.S. 99 , 218 : 
105 , 2226 : Ann. 402 , 149) or by alkylation or acylation of NH- or OH- 
groups (Ber, 34 , 2420 : J.C.S. 87 , 864) the rotatory power is frequently greatly 
altered. A general relation between the magnitude of the rotation and the nature 
of the groups attached to €m asymmetric carbon atom has not yet been evolved . 

Walden Inversion /^ — In certain cases it is possible by a series of 
reactions to change one optically active substance into its mirror 
image. For instance, ethyl ( — )-malatcf yields with PCI 5 ethyl 
(+)-clilorosuccinate ; ( + )-chloiosuccinic acid with silver oxide yields 
(4-)-malic acid. By a similar series of reactions, ethyl ( + )-nialate 
can be made to yield ( — )-malic acid. If, however, the replacement 
of the halogen is carried out by potassium hydroxide instead of silver 
oxide, reversal of rotation occurs and ( + )-chlorosuccinic acid yields 
( — )-malic acid. These relationships are expressed in the following 
diagram : 

AggO 

( — )-Malic acid < ( — )-Chlorosuccinic acid 

PCI5 It KOH KOH It PCI, 

(-f )-Chlorosuccinic acid >■ (-+-)-Malic acid 

This transformation was first discovered and investigated by P. 
Walden (Ber. 29, 132 : 32, 1833, 1855) and is therefore known as 

♦ P. Walden, Optische Umkehrerscheinungen (Waldensche Umkehrung) 
Vieweg, Braunschweig, 1919. 

t The signs ( + ) and ( — ) denote the actual direction of optical rotation o f 
the compK)und. 



OPTICAL ROTATORY POWER 


71 


the Walden Inversion. Other examples of the transformation of 
optical antipodes have been investigated more recently, such as the 
conversion of optically active a-aminoacids into the a-halogen fatty 
acids by E. Fischer and his co-workers (Ber. 45 , 2447 : see also 
McKenzie, Clough et ah, J.C.S. 93 , 811 : 97 , 121 : 103 , 687 : Frank- 
land and Garner, J.C.S. 105 , 1101). 

It must be understood that a mere alteration of the direction of 
rotation as a result of a chemical reaction is in no sense evidence 
that a Walden inversion has occurred, and it cannot therefore be 
decided, without further information, at which stage in the above 
cycle the actual inversion occurs.* 

The stereochemical significance of the Walden inversion is that 
two groups attached to the asymmetric carbon atom have exchanged 
places. We can assume, for example, that the inversion occurs in 
the reaction between potassium hydroxide and chlorosuccinic acid, 
whereby the entering OH group does not occupy the same position 
as the halogen atom it has displaced. This can be represented by 
projection formulae as follows : 

COOH COOH 

I KOH I 

H— -G—Cl HO~C— H 

I I 

CHjCOOH CHjjCOOH 

There occurs, therefore, in the Walden inversion an anomalous 
substitution and it has been attempted to explain it by the assump- 
tion that there is a primary addition product of the reacting substances, 
which then breaks down to yield the final products (Ann. 381 , 123 : 
386 , 65, 374) : the occurrence of this reaction is, however, irregular, 
and cannot be influenced experimentally. Emil Fischer summarizes 
the Walden inversion as follows : “If substitution occurs at an 
asymmetric carbon atom, we do not know to which stereochemical 
series the product wiU belong (cf. also Walden, Lecture, Ber. 58 , 237). 

Asymmetric compounds synthesized from inactive compounds are 
inactive. This is because the two optical antipodes have the same 
energy content and are each equally likely to be formed in a chemical 
reaction. A so-called “ asymmetric synthesis,’’' i.e. the formation of 
an optically active substance from an inactive without intermediate 
formation of a racemic compound has been carried out, but hitherto 
only with the assistance of another active compound or an enzyme. 
For example, an active mandelonitrile is obtained from benzaldehyde 
and hydrogen cyanide under the catalytic action of quinine or quini- 
dine (Biochem. Z. 46 , 7 : see also Ber. 37 , 1368 ; 41 , 752 : Z. physik. 
Chem. 73 , 25 : J.C.S. 95 , 544). As regards the formation of active 
substances in living organisms, there is at present no explanation of 
the initial production of an optically active substance in plants (cf. 
Ber. 42 , 141 : Biochem. Z. 52 , 439 : Ber. 53 , 119). 

Racemic Bodies. — The typical substance, racemic acid, has given its name to 
all similar inactive mixtures of the two optical antipodes. The racemic sub- 
stance differs from its components also in that it forms crystals which do not 
give rise to enantiomorphic modifications. The density of the racemic body is 


♦Explanation of this cycle, see Ber, 61, 509. 
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generally, but not invariably, greater and its solubility less than the corresponding 
active substances, similarly there is no general rule for the relative position of 
the melting point. 

'U’hen the crystalline form of an inactive substance cannot be observed with 
accuracy, as often happens, and when at the same time, the melting point lies 
lower than that of either of the optically active components, then doubt may 
arise whether it is a true racemate or a mixture of equal quantities of the optical 
antipodes. A variety of tests can be applied. The melting point may be taken 
after a small quantity of one of the active components has been added to the 
inactive substance. The composition may be dotermined, as well as the optical 
behaviour, of a saturated solution of the inactive body as compared with that 
of a mixture of the inactive and one active substance. If the addition of the 
active body causes a lowering of the melting point of the inactive substance, 
a change in the concentration and in the optical activity of the saturated solution, 
then the substance is a racemic one ; if, on the other hand, the melting point 
rises, and the concentration and inactivity of the solution are unaltered, then 
the inactive body is a mixture. 

The formation of a racemic substance is dependent on the temperature. 
Above or below its transition temperature the body may be a racemic body or 
an enantiomorphic mixture. The results of the above experiments hold good, 
then, only for the particular temperature at which they are carried out, and a 
series of experiments over a wide range of temperature is necessary to obtain 
a complete insight into the matter. 

These practical tests are, in part, the direct result of the considerations on 
heterogeneous equilibria as put forward in Gibb's phase rule {vnti 't Hoff, Ber. 31 , 
52S : Lacienhurq, Ber. 32 , 1822 : Roozeboom, Z. physik. Chem. 28 , 494, etc. 
Also Ber. 33 , 1082). 

Pseudo-racemic mixed crystals, although inactive, possess the form of the 
active modifications, without, however, the hemihedric faces (J.C.S. 71, 889: 
75, 42). 

Resolution of Inactive Carbon Compounds into their Optically Active 

Components 

The synthesis of optically active carbon compounds is easily 
realized by direct methods, because it is possible to separate the 
dextro- and levvo-votatoTy components in an inactive molecule. The 
following methods, 1, 2, and 5, were employed by Pasteur (1848) 
in his study of the racemates and racemic acid. This classic investi- 
gation supplies the firm experimental basis for the theory of sterco- 
clumistry or the space chemistry of carbon (p. 36). 

Method 1, based ujton resolution by crystallization . — The substance 
itself, or its derivatives with optically inactive compounds, is crystal- 
lized at v«r;ying temperatures and from various solvents. In the 
case under consideration it is possible to separate two substances 
showing enantiomorphous hemihedrism by actually picking out 
those crystals exhibiting the particular forms. Thus, from a solu- 
tion of sodium ammonium racemate below 28° hemihedral crystals 
of sodium ammonium dextro- and tartrates can be obtained 
(Ber. 19 , 2148). 

Method 2, dependent upon the formation of compounds with optically 
active substances . — Pasteur succeeded in separating d- and Z- tartaric 
acids through their quinicine and cinchonine salts. This was because 
these, being no longer enantiomorphous, were distinguished by their 
varying solubility, and so could be very easily separated from each 
other. 

Ladenburg first used the latter method to resolve inactive bases 
by forming salts of the latter with an active acid. It was thus that 
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he decomposed synthetic inactive coniine (a-n-propylpiperidine) by 
means of d-tartaric acid into its active components, and completed 
the synthesis of the first optically active vegetable alkaloid— coniine — 
which occurs in hemlock {q.ih). 

Camphorsulphonic acid and chloro- and bromocamphorsulphonic 
acids are of great value for this purpose. 

The resolution of symmetrical dimethylsuccinic acid by the use 
of active triethylenediaminecobalti-compounds is worthy of mention 
(Ber. 46, 3229). 

The resolution of racemic substances is not always immediately 
effected by their combination with optically active compounds : 
sometimes the optically active substance combines with the racemic 
substance to form a semi-racemic compound which only decomposes 
into the two active components at a particular temperature {Laden- 
burg, Ber. 31, 1969 : 32, 60). 

Method 3, based on the formation of esters or amides between racemic 
and optically active substances. — Racemic mandelic acid can be 
partially turned into the Z-menthol ester, whereby the residue con- 
sists of an excess of Z-mandelic acid. If Z-quinic acid be heated with 
rac. a-phenylethylamine, the dextro-rotatory acid, which does not take 
part in the amide formations, remains behind (Ber. 38, 801). 

Method 4. — Enzymes, such as maltase or emulsin, decompose 
racemic glucosides by hydrolysing one component {E. Fischer, Ber. 
28, 1429). 

Method 5. — On introducing some suitable fungus such as Penicillium 
glaucurn into an aqueous solution of an inactive mixture, capable of 
resolution, one modification of the mixture will be destroyed during 
the life-process of the fungus ; thus racemic acid yields Z-tartaric 
acid, inactive amyl alcohol yields cZ-amyl alcohol, cZZ-methylpropyl- 
carbinol yields Z-methylpropylcarbinol, dZ-propylene glycol yields 
Z-propylene glycol, etc. 

One fungus may leave an optical modification untouched which 
another may destroy. Penicillium glaucurn or Bacterium termo will 
leave d- mandelic acid from the synthetic inactive racemic acid, 
whilst Saccharowyces ellipsoideus or Schizomycetes leave the Z-acid un- 
touched. For the literature of the resolution of racemic compounds, 
see Landolt, Optisches Drehungsvermogen, etc., 2nd edition, p. 86, 
1898. 

Carbon compounds, in which an asymmetric atom is not present, 
cannot be decomposed by these methods (Ann. 239, 164 : Ber. 18, 
1394). 

Similar methods enable the resolution of racemic compounds con- 
taining asymmetric nitrogen, phosphorus, sulphur, etc., atoms to be 
effected. 

Conversion of Optically Active Substances into their Optically Inactive 

Modifications 

Whilst soluble salts of optically inactive, resolvable carbon com- 
pounds may be resolved by crystallization under proper conditions 
of temperature, many others reunite to form a salt of the inactive 
body, especially if the latter dissolves with difficulty. Solutions of 



74 ORGANIC CHEMISTRY 

calcium Icevo- and ciexfro-tartrates when mixed yield a precipitate of 
calcium cfZ- tartrate, which dissolves with difficulty. The free, optically 
active modifications unite, as a rule, very easily when mixed in solu- 
tion, to form the inactive decomposable modification, e.g. I- and 
d-tartaric acid yield racemic acid. The esters of these acids behave 
in a similar manner : Z- and cZ-tartaric methyl esters unite directly 
and in solution to form racemic methyl ester (Ber. 18, 1397). Also, 
in energetic reactions, or when heated, the active varieties rapidly 
pass into the inactive forms, e.g. tZ-tartaric at 175° yields racemic 
acid, and at 165° 77ie5otartaric acid. At 180° d- and Z-mandelic acids 
pass into inactive mandelic acid. Some optically active halogen 
substitution products of carboxylic acids undergo auto-racemization, 
even at ordinary temperatures (Ber. 31, 1416). 

R 

Compounds containing iho grouping are particularly easily 

racemized under the action of alkaline reagents, the phenomenon being referred 
to the tendency of compounds of this type to pass into a tautomeric form (Ann. 
373 , 92 : Ber. 47 , 843). 

A corresponding behaviour is observed in the decomposition of proteins, when 
heated with barium hydroxide, into inactive leucine, tyrosine, and glutamine, 
whilst at a lower temperature hydrochloric acid produces the active modifications 
(Ber. 18 , 388). For an experimental explanation of the transformation of 
optically active substances into their inactive modifications, compare A. Werner 
in R. Meyer’s Jahrbuch der Chomie 1 , 130. 

Rotatory Dispersion. — The variation of the sjx^cific rotation with the 
wave-length of the light used is designated rotatory dispersion, and in general the 
rotation increases with decrease in the wave-length [Normal rotatory dispersion). 
If the determinations are carried out with blue and red light, the value [a]biue 
— [a]red is described as the specific rotatory dispersion, and the quotient [a]biue/[a]red 
as the dispersion coefficient. Biot recognized in 1800 that the rotatory dispersion 
is a specific property of a substance, and is closely related to its constitution 
(see Waldeyi, Lecture, Ber. 38 , 345 : Rape. Ami. 409 , 334). 

(e) Magnetic Rotatory Power.* — Faraday, in 1840, discovered that trans- 
parent, isotropic, optically inactive bodies were capable of rotating the plane 
of polarized light when a column of the substance was brought into the magnetic 
field, as, for example, when it was surrounded by an electric current. The 
power of rotation only continued as long as those influences were active, and 
was reversed when the positions of the magnetic poles were reversed ; this 
distinguished magnetic rotatory power from the rotatory power of optically 
active carbon compounds. 

Specific magnetic rotatory power is the degree of rotation that the plane of 
polarization of a ray of light undergoes when it passes through a layer of liquid 
of definite thickness, exposed to the influence of a magnet. The unit of com- 
parison is the rotation produced by a layer of water of the same temperature 
and thickness when exposed to the same magnetic field. 

Molecular Magnetic Rotatory Power. — This is the degree of rotation produced 
by columns of liquids chosen of such a length that similar cross-sections will eeuih 
contain a molecular weight of the substance. The imit in this case can also be 
the molecular rotatory power of water. 

W. H. Perkin, Senior, has investigated minutely the connection between the 
magnetic rotatory power and the constitution of carbon derivatives. Numerical 
relations between the increase of rotation and change of composition have been 
established for many groups of aliphatic and aromatic compounds (C. 1900, I. 
797 ; 1902, I. 621 : J.C.S. 105 , 81). Deviations from the theoretical values 
are encoimtered particularly in the reactive benzene substitution compounds 
(see Table, J. pr. Chem. [2] 67 , 334). 


Graham-Otto, Lehrbuch der Chemie, Vol. I. part 3, p. 793, 1898. 
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7. ELECTRIC CONDUCTIVITY 

Substances which are capable of conducting electricity arrange 
themselves into two groups : conductors of the first class, or those 
which conduct electricity without undergoing any change, and con- 
ductors of the second class, known as electrolytes, in which con- 
duction is only possible through the agency of the ions in which 
the solutes separate when dissolved. The greater the conductivity 
of a substance the less is the resistance to the passage of the current ; 
in other words, the resistance is inversely proportional to the conduc- 
tivity. The unit of measurement of resistance is the ohm — the resist- 
ance of a column of mercury 1-06 metres long, and 1 sq. mm. in cross- 
section, at 0° C.* 

Ostwald’s investigations have demonstrated that the conductivity 
of electrolytes is intimately related to chemical affinity, and forms a 
direct measure of the chemical affinity of acids and bases. Therefore, 
the determination of the conductivity of electrolytes (in aqueous 
solution), to which all organic acids and their salts belong, is of great 
interest and importance for all carbon derivatives. 

Kohlrausch (Wied. Ann. 6, 1) has suggesiod a vory simple and accurate 
means of determining the conductivity of electrolytes, which has been extensively 
applied by Ostwald (J. pr. Chem. 32, 300, and 33, 352 ; Z. physik. Chem. 2, 
56i ). (See also C. 1900, 1. 577.) It is dependent on the application of alternating 
currents, produced by an induction coil, so that the disturbing influence of 
polarization is avoided. 

The conductivity of electrolytes is not referred to the percentage 
content of their aqueous solutions, but (as the conductivity is deter- 
mined by the equivalent ions) to solutions containing a gram-mole- 
cule, or a gram-equivalent of substance in one litre. This value is 
the molecular (or equivalent) conductivity of the substance (Z. physik. 
Chem. 2, 567). 

The strong acids have the greatest molecular conductivity, and 
are followed by the fixed alkalis and alkali salts. Most organic acids, 
on the contrary {e.g. acetic acid), are poor conductors in a free con- 
dition, whilst their alkah salts approach those of the strong acids in 
conductivity. The molecular conductivity increases by about 2 per 
cent, per degree rise of temperature. It also increases with increasing 
dilution, and in the case of the poor conductors it is far more rapid 
than with the good conductors ; in both instances it ultimately 
approaches a maximum (limiting) value. With good conductors this 
is attained at a dilution of about 1000 litres to the gram-molecule ; 
whilst with those poor in conducting power it is only reached when 
the dilution is indefinitely large. In fact, in such cases the con- 
ductivity is practically indeterminable. 

An interesting observation in connection with the alkali salts of 
all acids is the variable increase of the molecular conductivity with 

* F. Kohlrausch and Holborn, in their book, “ Das Leitungsvermogen der 
Elektrolyte,” adopt as unit a solution of which a column 1 cm. long, and 1 cm.* 
in section has a resistance of 1 ohm. In this case the conductivity becomes 
10,600 times as great as the above. Also, they employ the gram-equivalent in 
place of the gram-molecule, and the cubic centimetre in place of the litre. 
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increasing dilution. This is true both in the case of the strong and the 
weak acids (most organic acids belong to the latter class), and it varies 
according to their basicity. With sodium salts of monobasic acids, 
this increase equals from 10-13 units, by dilution from 32 to 1024 
litres for the equivalent ; for the salts of dibasic acids from 20-25 
units, for those of the tribasic 28-31, for those of the tetrabasic about 
40, and those of the pentabasic about 50 units. 

Thus it may be seen that the increase in conductivity of acids, in 
the form of their sodium salts, offers a means of determining the basi- 
city and, consequently, the molecular magnitude of acids {Osfwald, Z. 
physik. Chem. 1 , 74, 97 : 2 , 901 : Walden, ibid., 1 , 530 : 2 , 49). 

If a certain quantity of an acid be neutralized with iVy32 sodium 
hydroxide solution, and the conductivity of the neutral salt be measured 
before and after dilution to 32 times its volume, the difference of the 
conductivities divided by 10 gives the basicity of the acid. 

Molecular conductivity has acquired still greater importance by its 
application to the measurement of the dissociation of the electrol 3 ^es ; 
it is at the same time the measure of the reactivity or chemical affinity, 
first, of acids, then bases, and, finally, of salts. 

Arrhenius's electrolytic dissociation theory maintains that in 
aqueous solution the electrol>i/es are more or less separated into then- 
ions ; this would give a simple explanation for the variations of solu- 
tions from the general laws of osmotic pressure, the depression of the 
freezing point, etc. (see p. 15). The dissociation is also manifest in 
the molecular conductivity, for the latter is directly proportional to 
the degree of dissociation, the number of free ions and the speed of 
migration of the free ions. 


Molecular conductivity inoroasefl with dilution and dissociation. When the 
latter is complete, it attains its maximum (Aa^). The degree of dissociation (a) 
(or the fraction of the electrolyte split up into ions) for any dilution is found 
from the ratio of the molecular conductivity at this dilution (A) to the maximum 
conductivity (for infinite dilution) : 

A 

a = 

Aqo 

The latter (A^,.) cannot be directly measured in the case of free organic, acids, 
because most of them are poor condiif^toi w. But it can bo obtained from the 
molecular conductivity of their sodium salts, by deducting from their maximum 
values ionic mobility of the sodium-ions (49-2), and adding those of the hydrogen- 
ions (352). 

Since the molecular conductivity depends upon the dissociation of the 
electrolytes into their ions, the effect of dilution must follow the same laws as 
those prevailing in the dissociation of gases. This influence of dilution or volume 
{v) upon the molecular conductivity, or the degree of dissociation (a) is, there- 
fore, expressed in the equation : 

- * — = K 
v{l - a) 

which represents Ostwald’s dilution law (Z. physik. Chem. 2 , 36, 270). This law 
has been fully confirmed by the perfect agreement of the calculated and observed 
v’^alues {van H Hoff, Z. physik. Chem. 2 , 777). In the case of strong electrolytes, 
such as strong acids and bases, and most salts, the equation of Rudolphi is pref- 

oc* 

erable to that of Ostwald, even though it is empirical : ^ = K. 

The value, K, is the same at all dilutions for every monobasic acid ; hence it is 
a characteristic value for each acid, and is the measure of its chemical affinity. 
The determination of these chemical dissociation constants by Ostwald for more 
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than 240 acids, has proved that they are closely related to the structure and con- 
stitution of the bodies (Z. physik. Chem. 3, 170, 241, 369). Literature : see 
Walden (Z. physik. Chem. 8, 833). Affinity values of stereoisomeric compounds : 
Hantzsch and Miolatti (Ber. 25, R. 844). • 

Determinations of dissociation constants : Conrad ^ Hecht and Bruckner ^ Z. 
physik. Chem. 3, 450 : 4, 273, 631 : 5, 289 : Lellmann, Ber. 22, 2101 ; Ann. 
260, 269 : 263, 286 : 270, 204, 208 : 274, 121, 141, 156 : NernsU K. Meyer’s 
Jahrbuch 2, 31 : Jones et al.. Am. Chem. J. 44, 159 : 50, 1. 

8. PARACHOR 

The parachor is a constant for a compound given by the formula 


where M is the molecular weight of a substance, D and d the densities 
of the liquid and vapour and y the surface tension. The concept 
was introduced by Sugden (J.C.S. 1924, 125 , 1185, and subsequent 
papers : see Sngden, The Parachor and Valency, London, 1930) and 
differs from the ordinary molecular volume in containing a term 
involving the surface tension, which is related to the internal pressure 
of the liquid, and thus makes an allowance for the effect of the internal 
pressure on the molecular volume. 

The parachor is a very strictly additive property : the parachor 
of a compound can be calculated from the parachors of the component 
atoms, together with definite increments for certain constitutional 
properties such as multiple bonds, rings, etc. The value for these 
constants is given in the following table : 


c 

-- 4-8 

Triple bond 

= 46-6 

n 

17-1 

Double bond 

= 23-2 

N 

- 12*5 

3 niembered 

ring = 16-7 

o 

20-0 

4 membered 

ring =11-6 

p 

- 37-7 

5 membered 

ring — 8 5 

s 

F 

= 48-2 
= 25-7 

6 membered 

ring = 6-1 

Cl 

= 54-3 

Oj in esters : 

= 60-0 

Br 

- 68-0 



I 

= 91-0 




An example is given of the calculation of the parachor of benzene 
(Kekul6 formula) from the above values : 

Ce == 6 X 4-8 - 28-8 
He = 6 X 171 - 102-6 
3 Double bonds = 3 X 23-2 = 69-6 
6 Membered ring — 6-1 

Total [P] = 207-1 
[P] found experimentally = 206-2. 

When compounds containing a double bond are studied, they are 
found to fall sharply into two classes. In the majority, the parachor 
determined experimentally agrees well with that calculated from the 
above figures, allowing an increment of 23*2 for the double bond. 
A number of compounds, however, instead of this increment, show 
a decrease of about 1-6 units (Sugden, op. cit., p. 116). It would 
appear that such compounds, which include nitro compounds, sul- 
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phoxides, suJphonates, etc., must contain a double bond of a different 
nature from that, say, in ethylene. On the electronic theory of 
valency (p. 29) this type of; link is represented as a co-ordinate or 
semipolar double link, where two atoms are linked by two electrons, 
both of which are contributed by one atom. The electronic repre- 
sentation of the nitro-group as containing two orthodox double bonds 
(I) and as containing one ordinary double bond, and one semipolar 
one (II) is given in the formulas below. 


o; 

x-x. 

N 

x-x- 

.o'. 


-<o 



‘.O'. 


— 




O 



(I) 


(ii) 


(X “ electron contributed by N*atom, • «■ electron contributed by other atom.) 


In (I) the nitrogen is represented as linked to the two oxygen 
atoms by two ordinary double bonds, each consisting of four elec- 
trons, the nitrogen thereby acquiring a share in ten electrons, while 
the oxygen atoms complete their octets. In (II) one of the N — O 
bonds is formed by two electrons only, both contributed by the 
nitrogen, which thereby maintains its (more-stable) octet, while the 
oxygen octets are simultaneously completed. On the ordinary formula 
containing two double bonds, the parachor of the nitro group should 
be given by N + 20 + 2 1“ = 98-9, while experimentally it is found to 
be about 73 (Sugden, p. 119), which agrees well with N + 20 + j” — 1-6 
( = 74), 

The value of the determination of the parachor for the elucidation 
of the structure of organic compounds is very great, and in some 
cases of ring- chain tautomerism (see p. 52 : also Sugden, p. 47) 
the constitution of the stable form of a tautomeric compound can 
be deduced by the investigation of its parachor. 

As regards the physical significance of the parachor, a quotation 
from Hiickel is translated here : “The function formulated upon 
purely experimental grounds by MacLeod and called the parachor 
by Sugden is, as to its physical interpretation, quite unexplained, so 
that it is not known what is really meant by it. Nevertheless, the 
rules obtained as the result of experiment make it possible to decide 
questions of constitution.'’ 


HEAT OF COMBUSTION OF CARBON COMPOUNDS* 

“ The quantity of heat evolved in any chemical change is a measure of the 
total work, both physical and chemical, expended.” The determination of the 
quantity of heat developed in complete combustion is alone adapted for the 
determination of the energy content of carbon compounds. 

♦ BertheloU Thermochimie, 2 vols., Paris, 1897. Plank, Grundriss der allg. 
Thermochemie, 1893. Hans Jahn, Die Grundsatze der Thermochemie und ihre 
Bedeutung fiir die theoretische Chemie, 2. Aufl. 1892. Ostwald, Grundriss der 
allg. Chemie, 1889. A. W. Roth, Bestimmung der Verbrennungswarme und 
eiganzende thermochemische Messungen, Abderhalden’s Handbuch der biologis- 
cl^n Arbeitsmethoden, 1927. 
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The heat of combustion of a carbon compound by the method of Berthelot 
is determined by combustion with oxygen at a pressure of 25 atmospheres in a 
calorimetric bomb, lined internally with platinum or enamel. Ignition is 
effected by means of an electric spark, or by the incandescent products of combus- 
tion formed by a thin iron wire heated electrically. 

Favre and Silbermann, Thomsen, Stohmann and Berthelot are responsible 
for the elaboration of methods for the determination of heats of combustion. 
E. Fischer and F. Wrede have recently brought the method to an extraordinary 
degree of accuracy (Z. physik. Chem. 69 , 218). Cf. also W. A. Roth, Ann. 
373 , 249 : 407 , 112. 

On the basis of the Hess -Berthelot principle : “ The difference of the heats of 
combustion of two chemically equivalent systems is equal to the heat develop- 
ment which corresponds to the passage of the one system into the other : it is 
possible, knowing the heat of combustion of a carbon compound, to calculate its 
heat of formation. The heat of combustion of the compound is deducted from 
the sum of the heats of combustion of its elements. 

The heat of combustion of methane equals 21 1*9 Cal. 

„ „ diamond-carbon is 94-3 Cal., and 

„ „ hydrogen equals 67-5 Cal. 

As the complete combustion of methane proceeds according to the equation : 
CH* + 20, = CO, + 2HaO, 

then the heat of formation of this hydrocarbon, at constant pressure, would 
be 17-9 Cal. : 

94-3 + (2 X 67*5) - 211*9 = 17*9. 

Stohmann (Z. physik. Chem. 6, 334 : 10 , 410) has pubUshed a collection of 
the determinations of heats of combustion made between 1852 and 1892. 

The regularities in heats of combustion observed are as follows. In a homo- 
logous series, the heat of combustion is increased practically constantly by 
154 Cal. for each additional CH, group (J.A.C.S. 32 , 268). The heat of com- 
bustion is, however, not a purely additive property, and isomeric substances do 
not all possess the same heat of combustion. For instance, the primary alcohols 
possess a higher heat of combustion than the isomeric secondary and tertiary 
compounds. Stereoisomeric substances have different heats of combustion : 
thus fumaric acid has a heat of combustion 6 Cal. less than maleic acid, and other 
pairs of stereoisomeric acids show similar differences (Ber. 46 , 260). The stable 
trana-iovm^ of such acids have in general, not only a lower heat of combustion 
than the labile cw-forms, but also a lower dissociation constant. 

The passage of a double bond into two single bonds, or of a triple bond into 
three singles is associated with a marked loss of energy (Compt. rend. 157 , 895). 
Compounds with a system of conjugated double bonds show throughout a defi- 
nitely lower heat of combustion than their isomers with independent double 
bonds (Ann. 373 , 267 : 385 , 102). The former are more stable compounds 
than the latter, through a more even valency distribution in the sense of Thiele’s 
theory (p. 28). This explains the tendency of compounds with separated double 
bonds to pass into their isomers with a conjugated system. 

The comparison of the heats of combustion of aromatic substances with 
their hydrogenated derivatives is interesting in this connection. The difference 
between benzene derivatives and their dihydro compounds (c. 64 Cal.) is markedly 
greater than that between the dihydro and tetrahydro (c. 50 Cal.) or the tetra- 
hydro- and hexahydro -compounds (c. 45 Cal.) (Ami. 407 , 145). The breaking 
of the first double linkage in benzene demands a much larger amount of energy 
than the breaking of subsequent double bonds : this can bo referred to the 
even valency distribution in benzene, and is responsible for its stability. 

The difference in the stability of the cyclopropane, cyc^obutano and cyclo- 
pentane rings (see Carbocyclic compounds, Vol. 11) which was referred by Baeyer 
to the variation in the strains of the various rings is also expressed in their 
varying heats of combustion (J. pr. Chem. [2], 45 , 475 : Ber. 46 , 309 : C. 1913, 
I. 2026). As an example of the value of the heat of combustion in structural 
problems, the case of camphoric acid may be cited : the heat of combustion of 
camphoric acid would appear to exclude the presence of a cy c^propane or cyclo- 
butane ring, and to demand the presence of a cycZopentane or cyc/ohexmie ring. 
It should be noted that the differences between the heats of combustion of 
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unsaturated aeids and their dimeric polymerization products {e.g. acrylic ewsid, 
and cj/ctobutanedicarboxylic acid or ciimamic acid and the truxillic acids) is very 
slight (Z. physik. Chem. 48, 345). 

The investigations of A. v. Weinberg (Ber. 52, 1501) and Fajans (Ber. 53, 
043) have gone inort^ deeply into the nature of heat of combustion. Using the 
tenninolog\' of the latter, if 

X is the heat of formation of a carbon -hydrogen link, 
y the heat of formation of a single carbon -carbon bond, 
t' the heat of formation of liquid water from 1 gm. atom of atomic hydrogen 
and molecular oxygeit, 

c the heat of formation of gaseous CO^ from 1 gm. atom of monatomic 
carbon vapour and molecular oxygen, 

the heat of combustion of a substance, e.g. of propane, CgHg, can be represented 
by an equation 

— 8.r — 2y f Sr -}- 3c = 526-7 Cal. per Mol. 

The value t' can be calculated as 74-4 by making use of the heat of dissocia- 
tion of hydrogen : similarly, c can be calculat-ed as 381 Cal. by reference to the 
heat of sublimation of carbon. Employing these values, 

X denotes the absorption of 117 Cal. in the formation of a C — H bond, 
y denotes the absorption of 137-5 Cal. in the formation of a single C — C 
bond. 

These determinations show that the energy content of a C — C link in an 
aliphatic compound and in diamond {c. 140 Cal.) are very similar, and not v’^ery 
different from that of a C — H link (117 Cal.) : on this basis, diamond may be 
regarded as the basic substance of the aliphatic compounds. 


ACTION OF HEAT, LIGHT, AND ELECTRICITY UPON 
CARBON COMPOUNDS 


1. ACTION OF HEAT 


Substances which react most energetically upon each other do not 
do 80 at very low temperatures (Raoul Pictet y Arch. d. Scienc. phys. 
et nat., Geneva, 1893), even when subjected to the greatest pressure, 
and when their molecules are in most intimate contact. A definite 
temperature is essential for the occurrence of chemical action. The 
energy of a reaction, the time within which it proceeds, is largely 
dependent on the temf»eratiire of the reacting substances, therefore 
the determination of the most favourable temjjerature for the reaction 
is important. It must be remembered that the heat developed in 
chemical changes frequently increases the initial reaction-temperature 
rapidly to the point of decomposition. In such cases the violence 
of the reaction must be moderated by cooling or by the use of in- 
different diluents, in which the substances acting upon each other 
must be dis.solved before the reaction occurs. 

The action of chlorine upon toluene (q.v.) shows particularly well 
how much the kind and nature of the action is de})endent upon the 
temperature. At the ordinary tem]>erature the chlorine substitutes 
the hydrogen of the benzene nucleus, whilst at the boiling tempxira- 
ture it is the hydrogen of the methyl group which is replaced : 


C H -CH X Ordinary U-iiip. 


C.H^Cl-CHa 

CeH,-CH,Cl. 


Numerous analogous observations are known. 

In general, carbon compounds are much less stable under the 
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influence of heat than the inorganic bodies. When the qualitative 
examination of organic bodies was discussed, mention was made of 
the fact that many carbon compounds were decomposed under the 
influence of heat with the separation of carbon. 

Other compounds, when heated at the ordinary temperature, re- 
arrange themselves without alteration of their molecular magnitude, 
whilst some polymerize. Compounds, volatilizing undecomposed at 
ordinary pressure, may become decomposed when their vapours are 
conducted through tubes heated to redness, or by contact with metallic 
wires rendered incandescent by the electric current (C. 1901, II. 1042) ; 
as a rule, new bodies are then formed accompanied by partial 
carbonization. The splitting-off of hydrogen, the halogens, haloid 
acids, water, and ammonia leads to a more intimate union of the 
already combined carbon atoms, and carbon atoms which previously 
were not united with one another not infrequently combine to yield 
carbocyclic and heterocyclic bodies : pyro- condensations result (Ber. 
11, 1214). 

In the special part of this volume, such results from heat action 
will be so frequently encountered that it becomes unnecessary to 
present examples at this time (c/. ethyl alcohol and chloroform). 

It may suffice to mention coal tar, which contains the bquid 
bodies formed by the decomposition of coal under the influence 
of heat. This material is of the greatest importance both in the 
development of scientific, theoretical organic chemistry, as well as 
for technical chemistry (coal-tar industry). It is mainly composed 
of carbo- and heterocyclic compounds, stable under the influence 
of heat : 


CeHe 

C^H.S t’sH.N 

Thiopheut*. l*yndine. 


^^iqIIs ^14Hio 

Naphthah*m\ Anthracene, Phenanthrene. 

CJbX C\3H«X 

Quinoline and i«oQninoline. Acridine. 


See also pyrogenic acetylene-condensations, R. Meyer, Ber. 46 to 53. 


2. ACTION OF LIGHT 

Light exerts a great influence upon carbon compounds. The well- 
known reactions of this kind in the field of inorganic chemistry have 
corresponding cases in the province of organic chemistry. 

Light is able to bring about the decomposition, the rearrangement, 
and the synthesis of carbon bodies. Just as the haloid salts of silver 
are decomposed with separation of silver, so, too, the alkyl iodide^s 
separate iodine under the influence of light. Hence their colourless 
solutions gradually become yellow and finally dark brown in colour. 
Ethyl mercuric iodide breaks down into mercurous iodide and butane. 
Experience shows that many other carbon derivatives decompose 
more or less rapidly when they are exposed to sunlight, hence they 
must be preserved in the dark or in vessels of brown-coloured glass, 
which absorbs the chemically active rays of sunlight. It is technically 
important that an organic dye should resist the influence of fight ; 
most of them are not fast colours, but are bleached by fight. 

VOL. I. G 
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Of the decomposition-reactions produced by sunlight mention may be made of 
the chcmge imdergone by succinic acid, when mixed with uranium oxide ; it loses 
carbon dioxide, and propionic acid results (Ann. 133, 263) : 

CO,HCHa*CHaCO,H = CO* + CK^CK^COJI. 

Solutions of tartaric acid and citric acid, when mixed with uranium oxide, 
are similarl}’^ decomposed by sunlight (Ann. 278, 373). 

An aqueous solution of acetone is partially hydrolized by sunlight into acetic 
acid and methane (Ber. 36, 1682). 

Mercury oxalate is decomposed by light into COg and mercury ; if ammonium 
chloride be present, calomel is formed. A similar reaction is the following : 

2HgCl2 -f = Hg^Cl, 4- 200^ + 2NH4CI. 

Sunlight often acts as a polymerizing agent. Solid anthracene, in the form 
of a vapour or solution, is polymerized by sunlight or the light of a carbon or 
mercury arc lamp into dianthracene, a change which is completely reversed in the 
dark (Z. physik. Chem. 53, 385). For similar cases of phototropy see Ber. 37, 
2236. 

Finely divided cinnamic acid changes in sunlight to the dimeric truxillic acid, 
which returns to the simpler form under the influence of heat ; cinnainylidene 
inalonic acid behaves in the same way (Z. physik. Chem. 48, 345). 

For the polymerization of benzaldehyde see Ber. 36, 1573. 

Geometric isomers (alloisomers or stereoisomers) are frequently changed into 
their stable forms by sunlight ; for instance, maleic acid into fumaric acid 
(Ber. 36, 4267), aZZocinnamic acid into cinnamic acid ; anZi-oximes into syn- 
oximes (Ber. 36, 4268 : 37, 180). 

The combination of carbon rmnoxide and chlorine, forming carbonyl chloride 
or phosgene (Davy), is analogous to the complete union of hydrogen and chlorine, 
forming hydrogen chloride, and of benzene and chlorine or bromine to form 
hexa-chloro- or hexabromo -benzene, in sunlight : 

Ha + CI 2 = 2HC1 ; CO + Cl^ = COCI 2 ; -f SCl^ = CeHeCle- 

The action of chlorine upon methane (p. 93), formaldehyde (Ber. 29, R. 88), 
and other carbon derivatives which can be substituted, is much influenced by 
sunlight. 

The experiments conducted by Klinger show that the chemical action of sun- 
light is susceptible of more extended application than it has yet foimd, and that 
compounds can be produced by it, which could only be prepared in the ordinary 
chemical way by most powerful or highly specialized means. He found that 
ethereal solutions of benzoquinone, benzil, and phenanthraquinone are reduced, 
with the formation of aldehyde. Further, that acetaldehyde, wovaleraldehyde, 
and benzaldehyde unite, under the influence of sunlight, with phenanthraquinone, 
in accordance with the equation (Ann. 249, 137) ; 

CeH^CO CeH^CO'COR 

I 1 -f RCHO = I II 
CeH^CO CeH4-COH. 

ZtfoValeraldehyde and benzaldehyde also unite directly with benzoquinone, 
but in a still more striking manner, in that a nucleus -synthesis (p. 97) results. 
With benzaldehyde the reaction proceeds as follows : — 

CeH^Oj, + CeH^-COH = CeH5*CO-CeHs(OH)2 

Benzo- Benz- Bihydroxybenzophenone, 

quinone. aldehyde. 

Sunlight reduces a carbonyl group in alcoholic solution, and at the same time 
the alcohol becomes oxidized to aldehyde, as, for instance, benzophenone and 
acetophenone yield the corresponding pinacones ; quinone oxidizes glycerol to 
glycerose, erythritol to erythrose, mannitol to mannitose, dulcitol to dulcitose, 
dextrose to dextrosone, whilst in each case the quinone changes to quinhy drone. 

Aromatic nitro -bodies readily give up their oxygen to alcoholic or aldehydic 
groups imder the influence of sunlight : nitrobenzene and alcohol give aniline and 
quinaldine ; nitrobenzene and benzaldehyde yield a mixture of benzoic acid,, 
nitrosobenzene, /9-phenylhydroxylamine and products of further interaction ; 
o-nitrobenzaldehyde changes completely into o-nitrosobenzoio acid ; o-nitro- 
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benzal aniline gives o-nitrosobenzanilide, and so on (Ciamician and SUber, Ber. 
37, 3426 ; 38, 1176, 3813). 


o-Nitrobenzylidene acetophenone in ethereal solution is changed by sunlight 
to indigo and benzoic acid {Engler and Dorant, Ber. 28, 2497) ; 


C OCH : CH CgHs /CO 

= C,h/ 

o, \nh. 




The study of these reactions is specially important in the interpretation of the 
chemical changes occurring in plants. 


3. ACTION OF ELECTRICITY 

Some of the reactions induced by the aid of electricity possess 
great value for synthetic organic chemistry. The only method which 
will cause the union of free hydrogen with free carbon, consists in 
the action of the electric discharge upon the two elements. Berthelot 
showed that carbon and hydrogen combined to form acetylene on the 



passage of the electric spark between carbon points in an atmosphere 
of hydrogen : 2C + Hg = CH=CH. Small quantities of methane 
CH 4 , and ethane CgHe were also present, as was found later (C. 1901, 
II. 576). Fig. 14 represents the apparatus in which this important 
synthesis was carried out (Ann. chim. phys. [4] 13, 143 : Ber. 23, 1638: 
C. 1897, I. 24). 

Acetylene and nitrogen (Ann. 150, 60) as well as cyanogen and hydrogen, unite 
to yield hydrocyanic acid under the influence of electric discharges (Compt. rend. 
76, 1132) ; and carbon monoxide and hydrogen form methane (Brodie, Ann. 
169, 270). 

CH CN 

III + Nj = 2HNC ; | + Hg = 2HNC ; CO + SHg = CH^ + HjO. 

CH CN 

An important application of the heat derived from electricity is the prepara- 
tion of the carbides in the electric furnace {Moiaaan)* where temperatures of 
about 3000° can easily be reached. Calcium emd aluminium carbides are of the 
greatest significance to organic chemistry, because water liberates from them 
acetylene and methane respectively (comp. p. 86). 

Other thermal reactions can also be effected, such as passing the vapours of 
carbon compounds over a metallic spiral heated to incandescence by an electric 
current (C. 1901, II. 1042 : see also Ber. 18, 3350). 


Moiaaan, Le four 61ectrique, Paris, 1897. 
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Kolbe decomposed the aqueous solutions of the potassium salts of monobasic 
carboxylic acids, especially potassium acetate, by the electric current, and thus 
prepared dimethyl or ethane. The following equation represents the electrolysis 
of potassium acetate : 

+ - + 

CHgiCOg K HOH KOH H 

+ i = I -f -f +1 
CHaiCOgK HOH CH 3 COg KOH H 

Kekule applied this reaction to the saturated dicarboxylic acids, e.g. succinic 
acid, and later he and Aarland extended it to the unsaturated dicarboxylic acids : 
fumaric acid, maleic acid, mesaconic acid, citraconic acid, and itaconic acid 
(Ann. 131,79: J. pr. Chem. [2] 6 , 256 : 7 , 142: comp. C. 1900, 1. 1057 : 11.171), 
with the production of the unsaturated hydrocarbons, ethylene, acetylene, and 
allylene. Kolbe and Moore obtained ethylene dicyanide from cyanacetic acid 
(Ber. 4 , 519). Crum Brown and J. Walker included the potassium salts of the 
acid esters of the dicarboxylic acids among these reactions, and obtained the 
neutral esters of dibasic acids, e.g. potassium ethyl malonate yielded succinic 
diethyl ester (Ann. 261 , 107 : Ber. 24 , R. 36 : Ann. 274 , 41 : Ber. 26 , R. 369, 
380). In the electrolysis of an alcoholic solution of sodium malonic diethyl 
ester Mulliken obtained ethanetetracarboxylic ester (Ber. 28 , R. 450). 

V. Miller and Hans Hofer showed that by electrolysis of potassium acetate 
and potassimn ethyl succinate, butyric ester is formed (Ber. 28, 2429). Mulliken 
obtained ethanetetracarboxylic ester by electrolysis of an alcoholic solution of 
sodium malonic diethyl ester (Ber. 28, R. 450). 

Hamonet obtained the diamyl ether of butane-diol by the electrolysis of the 
amyl ether of potassium -hydroxy propionate (C. 1901, I. 613). From the salts 
of ketocarboxylic acids, either alone or mixed with acetates, Hofer obtained by 
electrolysis ketones and diketones : pyroracemic acid yields diacetyl ; lawulinic 
acid gives octane-/?r^-dione, pyroracemic acid and acetic acid yield acetone 
(Ber. 33, 650). 

Hydrogen, generated by electrolysis, is a valuable moans for reducing organic 
substances, as its action can be varied according to the liquid, current, voltage, 
cathode material, etc., employed for the particular requirements of the experi- 
ment. Aromatic nitro -bodies can be changed into their various reduction prod- 
ucts— -^-phenylhydroxylaminos, aininophenol, azoxy- azo- or hydrazo-bodies, or 
into anilines (Ber. 28 , 2349 : 29 , 1390 : 38 , 3076). Many substances which 
are dilficult to reduce by chemical methods, such as carboxyl groups in ketones, 
carboxylic acids and their esters, lactams, dicarboxylic acid imides, and others, 
can easily be reduced to CHOH or CH 2 groups in sulphuric acid solutions with 
cathodes possessing a high overvoltage (Cd, Hg, Pb) {Tafcly Ber. 33 , 2209 : 
37 , 3187, etc. : Ann. 348 , 199). 

Similarly, oxygen at the anode can bo used for the electrolytic oxidation of 
organic compounds (Helv. Chini. Acta. 4 , 928, 1000 : 5 , 60, 166 : Z. Elektrochem. 
27 , 487). 

THE DIRECT COMBINATION OF CARBON WITH OTHER 

ELEMENTS 

Before dealing with the systematic classification of the carbon 
compounds, some remarks may be made, by way of introduction, on 
the direct combination of carbon with other elements. Carbon and 
its various allotropic modifications are described in text-books on 
inorganic chemistry, but its affinity to other elements may well be 
discussed here also, since from the substances formed by direct union 
with other elements the innumerable compounds in organic chemistry 
are derived. 

With one exception the combining power of carbon becomes 
operative only at high temperatures. In the finely -divided form of 
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soot, carbon will combine with fluorine, to form tetrafluoromethane 
or carbon tetrafluoride 

C + 2F2 = CF4. 

Combination with hydrogen or chlorine can only be brought about 
under the influence of the electric arc, when carbon and hydrogen unite 
to form acetylene, the most reactive of all hydrocarbons, together with 
a little methane (p. 91) : 

2C 4- H2 = C2H2, C 4- 2H2 = CH4 ; 

and chlorine and carbon combine to form hexachlorethane and per- 
chlorobenzene : 

2C 4- 3CI2 = C^Cle ; 6C + 

Oxygen unites with carbon, producing carbon monoxide and carbon 
dioxide or carbonic acid gas : 

C4-0 = CO; C4-02 = CO2. 

Which of these two substances is formed depends on the tem- 
perature of reaction. At very high temperatures only carbon mon- 
oxide is formed, the dioxide being produced below this. The affinity 
of carbon for oxygen is so great that at sufficiently high temperatures 
the most stable oxides give up their oxygen, so that carbon becomes 
the most important reducing agent for technical purposes. 

Sulphur combines with carbon at high temperatures in only one 
proportion forming carbon disulphide — the sulphur analogue of the 
anhydride of carbonic acid : 

C 4- S2 = CSg. 

The formation of C4S in this reaction is not definitely proved 
(Z. angew. Chem. 40, 1136). 

It is not yet decided whether a direct union of carbon and nitrogen 
takes place in the arc with formation of cyanogen (Compt. rend. 151 , 
1057, 1328). 

Carbon, nitrogen, and hydrogen combine together when a mixture 
of nitrogen and hydrogen is passed between carbon poles of an electrie 
arc, forming hydrocyanic acid, a reaction which possibly depends on 
the primary formation of acetylene : 

C 4- N 4- H = HNC, 

or 2C + 2H = C2H2 and C2H., + N2 = 2HNC. 

Similarly, carbon, nitrogen, and potassium or sodium, combine at 
high temperatures to form potassium or sodium cyanide. This re- 
action may also depend on the primary formation of potassium or 
sodium acetylide, followed by subsequent union with nitrogen. Or 
a metallic nitride may first be formed which then combines with 
carbon to produce the cyanide. 

At very high temperatures carbon exhibits the capacity of com- 
bining directly with many elements of a metallic character to form 
carbides. Even in the early days the formation of iron carbide was 
proved to take place by the action of carbon on molten iron. 

However, pure iron carbide is not known, but it appears that 
carbon combines with iron in various proportions. This is supported 
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by the generation of a mixture of hydrocarbons when such a speci- 
men of iron is dissolved in acids. 

Carbon unites with the metals of the alkaline earths, calcium, 
strontium, and barium, in only one proportion. Such a carbide can 
be considered as being a metal-acetylene compound, which generates 
the gas on contact with water. It is prepared by the reduction of 
the oxide of the metal by carbon in the electric furnace : 

3C + CaO ^ CaCa + CO. 


Aluminium carbide, similarly prepared, gives off methane in contact 
with water : 


3C + 4A1 = C 3 AI 4 . 


Beryllium carbide also yields methane ; manganese carbide generates equal 
volumes of methane and hydrogen ; the carbides of cerium, lanthanum, yttrium, 
samarium, give acetylene and methane ; uranium carbide, CgUg yields 

methane, hydrogen, and ethylene ; whilst the last-named carbides also yield 
large amounts of liquid and solid hydrocarbons (Compt. rend. 122 , 1462, etc.). 
Magnesium forms two carbides, MggCg. With water the first yields 

acetylene, the second allylene (Z. physik. Chem. 73, 513). 

Whilst the carbides of the enumerated metals give ofi hydrocarbons when 
treated with acids or water, the carbides of boron, silicon, titanium, zirconium, 
vanadium, tungsten and chromium are extraordinarily stable and unusually hard ; 
so much so that silicon carbide is employed, under the name of carborundum, in 
boring and polishing. The last three carbides are so far useless in the building 
up of carbon compounds. 


The most important substances which have been formed by the 
direct union of carbon with other elements are : 


Acetylene CgHg 

Calcium carbide CgCa 

Methane CH 4 

Aluminium carbide C 3 AI 4 

Carbon monoxide CO 

Carbon dioxide COg 

Carbon disulphide CSg 

Hydrocyanic acid HNC 

Potassium cyanide KNC 


These bodies are examples of widely different classes of organic 
compounds ; methane and aluminium carbide are found at the head 
of the paraffin or acyclic saturated hydrocarbons, whilst acetylene and 
calcium carbide occupy a similar position among the unsaturated 
acyclic hydrocarbons possessing a triple bond between two carbon 
atoms. Carbon monoxide, hydrocyanic acid and potassium cyanide 
will be described with formic acid derivatives : carbon dioxide and 
disulphide as derivatives of carbonic acid before the paraffin di- 
carboxylic acids. 

Of all these simple compounds of carbon, the most important is 
carbon dioxide, which forms the basis for the formation of the carbo- 
hydrates and fats during the process of assimilation in the vegetable 
organism ; and also of the proteins when nitrogen is taken up. 

Since chemists have not yet succeeded in imitating in the labora- 
tory the synthetic methods of plants, a large and increasing number 
of methods have been provided for linking together simple organic 
molecules for the construction of substances of complicated composi- 
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tion. These methods depend partly on double decomposition, similar 
to the interaction of inorganic salts, but mainly on the property of 
one “ unsaturated ” molecule (p. 27) to unite with another \ on re- 
actions brought about by the agency of metals, especially Na, Mg, 
Al, Zn, Cu, or suitable compounds of them ; on the influence of 
acids ; and finally on rise of temperature, on sunlight or on electricity 
(pp. 80-84). 

CLASSIFICATION OF THE CARBON COMPOUNDS 

The chemical union of the carbon atoms and the resulting 
character of the groups is the basis of the division of the 
carbon compounds into two principal classes : the fatty or aliphatic 
substances (from d?.ei(paQ, fat) — the chain or acyclic carbon deri- 
vatives or the methane derivatives, and the cyclic compounds of 
carbon. 

The name of the first class is borrowed from the fats and fatty 
acids comprising it, which were the first derivatives to be studied 
accurately. They may be termed the marsh gas or methane deriva- 
tives ^ inasmuch as they all can be derived ultimately from methane, 
CH 4 . They are further classified into saturated and unsaturated com- 
pounds. In the first of these, called also paraffins, the directly united 
quadrivalent carbon atoms are linked to each other by a single bond, 
so that the number of affinities still remaining to be satisfied in a 
chain of n carbon atoms is 2?i 2 (p. 33). Their general formula 

is, therefore, expressed in the form CnX 2 n-f 2 > where X represents the 
affinities of the elements or groups directly combined with carbon. 
The unsaturated compounds result from the saturated by the loss of 
an even number of affinities in union with carbon. According to the 
number of affinities yet capable of saturation, the series are distin- 
guished as CnX 2 n, CnX 2 n- 2 , ^tc. 

The methane derivatives contain open carbon chains, the ctjclic 
derivatives contain closed carbon chains, or rings. When carbon 
atoms alone constitute the ring, the resulting bodies are designated 
carbocyclic compounds. 

Especially important among these cyclic compounds are those in 
which the ring contains six carbon atoms with six free valencies. From 
these are derived substances which Kekul 6 named the aromatic com- 
pounds or benzene derivatives. 

The importance of this group has gained for it a special position 
in the chemistry of carbon derivatives. Compared with the aliphatic 
compounds, they show such great differences in chemical behaviour 
that they were formerly regarded as a second and distinct class of 
organic bodies. 

With the advances in organic chemistry, numerous compounds were 
being constantly discovered which contained carbon atoms united in 
a closed ring, but which approached the fatty bodies more closely 
than the aromatic derivatives in chemical behaviour. In the so-called 
hydroaromatic compounds the more pairs of hydrogen atoms which are 
attached to the benzene nucleus in them, the nearer they resemble, in 
chemical character, the aliphatic derivatives. Even more closely allied 
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to the latter are those substances which contain a ring consisting of 
three, four, or five carbon atoms — 

the trimcthylene or cyclopropane derivatives, 
te tram ethylene or cycZobutane derivatives, 
jpentaw ethylene or cycZopentane derivatives. 

These constitute the passage from the aliphatic bodies to the 
hydro-aromatic compounds or cyclohexane derivatives, with which the 
aromatic derivatives are so closely connected. 

There are many carbon compounds containing “ rings,” in the 
formation of which not only carbon atoms, but also oxygen, sulphur, 
and nitrogen atoms take part. 

Such bodies have been termed Jmterocyclic compounds (from hegog, 
foreign). These derivatives will mainly be discussed at the conclusion 
of the remarks on the open chain bodies, from which they are derived 
by loss of water, hydrogen sulphide, or ammonia, and into which they 
can again be changed. A large class of heterocyclic bodies, the 
thiophen, furan, and pyrrole groups : the parent substances of the 
plant alkaloids, pyridine, quinoline, ^5oquinoline, etc. — like the aro- 
matic bodies, possess very stable rings. In the case of many hetero- 
cyclic bodies the open chain compounds, from which they may 
theoretically be deduced, do not actually exist. Therefore such 
heterocyclic compounds will be more conveniently discussed after 
the carbo- or isocyclic derivatives. Thus, the chemistry of the com- 
pounds of carbon may be divided into : 

I. Fatty Compounds : Ali/phatic compounds, methane derivatives^ 
chain or acyclic carbon derivatives. 

11. Carbocyclic Compounds. 

III. Heterocyclic Compounds. 

THE NOMENCLATURE OF THE CARBON COMPOUNDS 

The steadily increasing number of carbon derivatives has shown the necessity 
that definite principles should determine their designation. The absence of 
such general and international rules (where they were possible) has led to great 
confusion in the nomenclature. 

Compounds originating from plants and animals received names that indicated 
their origin, and otten at the same time their characteristic cliemical properties : 
urea, uric acid, tartar, tartaric acid, formic, oxalic, malic, citric, salicylic acids, 
etc. With a largo class of bodies, t’.g. the bases, glucosides, bitter principles, 
fats, etc., it was customary to employ the ending “ ine ” : coniine, nicotine, 
guanidine, creatine, betaine, salicine, amygdaline, glycerine, stearine, etc., and 
in the terminations al, ol, an, en, yl, ylone, ylidene, the effort was made to show 
the similarity of certain compounds, without, however, proceeding in a system atic 
way. 

The more thoroughly the constitution of bodies became known, the greater 
was the desire to indicate by names the manner in which the atoms were united. 
This was especially true in the case of isomeric compounds. The manner in which 
this was done, however, was left to the choice of the individual, and thus it 
happened that often one and the same derivative received different names, which 
possessed fundamentally equivalent meanings. 

Of the early suggestions on nomenclature, that of Kolbe (Ann. 113 , 307) on 
carbinol deserves special consideration. As is known, Kolbe lef erred the names 
of the monohydroxy saturated alcohols back to the name carbinol. In order to 
make this principle more general, it becomes necessary to ascertain the “ carbinol ** 
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or “ carbinols ” for each class of compounds — that is, to find those bodies from 
which the homologues might be derived, just as the monohydroxy saturated 
alcohols might be deduced from methyl alcohol or carbiriol. Without attempting 
at this time to determine the limits of the “ carbinol nomenclature,” it will suffice 
to remark that in the case of the paraffin dicarboxylic acids all the normal homo- 
logues are the “ carbinols,” e.g. malonic acid, succinic acid, normal glutaric acid, 
adipic acid, etc. Indeed, names such as monomethylmalonic acid, ethylmethyl- 
malonic acid, symmetric and unsymmetric dimethylsuccinic acid, etc., are so 
readily understood that they are preferred by many chemists. 

In order to minimize as far as possible the arbitrary nomenclature of organic 
compounds, a meeting was convened in Geneva, in 1 892, of the chemists of nearly 
all the civilized countries, for the purpose of agreeing on a method of indicating 
the constitution of carbon compounds in a consistent and clear manner. The new 
“ official ” names adopted by the Geneva Convention will, in the case of certain 
important series of compounds, be observed in the present text ; they will be 
enclosed in brackets — c.g. [ethone] for ethylene, [othine] for acetylene, etc. The 
designations of the simpler bodies — the names justified from an historical stand- 
point and deduced from important reactions — will not be wholly eliminated. 
Thus, the names ethyl hydride, dimethyl or methylmethane will be used for 
ethane, depending upon what relations are especially to be emphasized. 

The new nomenclature proceeds from, or begins with, the hydrocarbons. The 
name of the hydrocarbon serves as the root for the names of those substances 
which contain their carbon atoms arranged in a similar manner. The different 
classes of bodies are distinguished by the addition of suffixes to the names of the 
hydrocarbons : alcohols end in o/, aldehydes in al, ketones in o77c, and the acids 
in acid — c.g. [ethanol] = ethyl alcohol, [ethanal] = acetaldehyde, [propanone] 
= acetone, [propanal] = propionic aldehyde, [ethane-acid] = acetic acid. These 
examples will suffice. The more detailed consideration will be given to the various 
classes of bodies which are discussed. The principles of this nomenclature 
have already been found difficult of application, especially in attempting 
to indicate in name a compound having a mixed character — e.g. the body 
COH — CHg — CHOH — CO — COgH, which would bo pentanolalonc-acid. The 
ac!Cumulation of suffixes, each of which possesses a meaning peculiar to itself, 
has “ conduit rapidement a des termes bizarres, d’une complication facheuse 
et d’une prononciation difficile ” (Am6 Pictet). 

For the decisions of the International Congress of Geneva, convened 19th to 
22nd April, 1892, for the purpose of co-ordinating chemical nomenclature, see 
Tiemann (Ber. 26 , 1595) : Istrate’s proposals (C. 1898, I. 17). On the nomen- 
clature of ring-compounds, see Vol. II ; also M. M. Richter (Ber. 29 , 586). 

In order to distinguish the more frequently occurring radicals of the same 
kind, such as the univalent hydrocarbon residues, both aliphatic and aromatic, 
the name alkyl has been accepted. In differentiating between the two classes 
alphyl refers to the aliphatic residues and aryl to the aromatic ; whilst aromatic 
residues possessing aliphatic characteristics are referred to as alpJtaryl. Car- 
boxylic acid residues, too, are referred to as acyl and differentiated into alphucyl 
and aracyl (C. 1899, I. 825). Schlossberger has suggested that the names of 
acid radicals should end in “ oyl ” similarly to benzoyl : thus acoyl, alphacoyl 
and aracoyl groups may be spoken of (Ann. 439 , Amn. 3). 

A revised code of rules for the nomenclature of organic compounds was 
drawn up in 1931 by the International Union of Chemistry, and those are pub- 
lished in J.C.S. 1931 , 1607. It is recommended that arabic numerals be used 
throughout for the numbering of carbon chains, but in this edition the older 
custom of using Greek letters for numeration of open chains, and arabic numerals 
for rings has been systematically followed, with the exception of sugar derivatives, 
where the use of arabic numerals has been customary for some time. 




I. FATTY COMPOUNDS, ALIPHATIC SUB- 
STANCES OR METHANE DERIVATIVES, CHAIN 
OR ACYCLIC CARBON DERIVATIVES 

1. HYDROCARBONS 

The hydrocarbons may be regarded as the parent substances from 
which all other carbon compounds arise by the replacement of the 
hydrogen atoms by different elements or groups. 

We distinguish ( 1 ) saturated and ( 2 ) uusaturated hydrocarbons. The 
first contain only singly linked carbon atoms, whilst the unsaturated 
contain pairs of carbon atoms united doubly and trebly. The satu- 
rated series is usually referred to as the methane series or the paraffins 
(paraffin is derived from parum affinis in reference to their lack of 
reactivity). 


A. SATURATED HYDROCARBONS 
(Paraffins or Methane Hydrocarbons) 

Methods of Formation and Properties of the Paraffins. — The 
saturated hydrocarbons are formed in the dry distillation of wood, 
peat, bituminous shale, brown coal, coal, particularly the boghead 
and cannel coal rich in hydrogen ; hence they arc present in illuminat- 
ing gas and in the light oils of coal-tar. They occur already formed 
in petroleum, particularly in that from America, which consists almost 
exclusively of them, and contains most members from methane to the 
highest. It is difficult to isolate the individual hydrocarbons from 
such mixtures. Before advancing to the general methods used in the 
preparation of the paraffins — methods by which each separate member 
can be easily obtained in pure condition — it will be best to discuss 
the two important bodies, methame and ethane. 

(1) Methane, Methyl Hydride, Marsh Gas, CH 4 , is produced in the 
decay of organic substances ; it is, therefore, disengaged in swamps 
(marsh gas) and mines, in which, mixed with air, it forms fire-damp. 

In certain regions, like Baku in the Caucasus and the petroleum 
districts of America, it escapes, in great quantities, from the earth. 
It is also present, in appreciable amount, in illuminating gas. A 
borehole sunk to 247 metres deep near Hamburg in 1910 yielded gas 
containing 91 per cent, of methane. 

The synthesis of methane, the simplest hydrocarbon, from which 
all the fatty bodies may be derived, is particularly important. By 
the synthesis of a carbon compound is understood its formation from 
the elements, or from such carbon derivatives which can be obtained 
from the elements. Under proper conditions hydrogen and carbon 
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may be directly combined, with the production of acetylene CH=CH 
(p. 83), together with only a small quantity of methane. The latter 
can be obtained (1) from carbon disulphide CSj (which may also be 
made directly from its constituents) (a) if the vapours of this volatile 
substance, mixed with hydrogen sulphide gas, be passed over red-hot 
copper (Berthelot) : 

C + 2S = CSa ; CS2 + 2H2S -f 8Cu = CH4 + 4CU2S. 

Or (b) the carbon disulphide may be converted by chlorine into carbon 
tetra-chloride CCI4, and this reduced, by nascent hydrogen (sodium 
amalgam and water) : 

CS2 + 3CI2 - CCI4 + SaQa ; CCI4 -f 8H = CH4 + 4HC1. 

(2) Methane is also formed from carbon monoxide and hydrogen, 
if the mixture of gases be exposed in an induction tube to the action 
of electricity (p. 83), (Ann. 169 , 270), or is led over freshly reduced 
nickel (Compt. rend. 134 , 514): 

2C + O2 = 2CO CO + 3H2 = CH4 + H2O. 

Methane is also obtained quantitatively from carbon monoxide 
and excess of water vapour, when the mixture is led over a nickel 
catalyst at 215° (Compt. rend. 1930, 191 , 186) : 

4CO + 2H2O = 3CO2 -f CH4. 

(3) Aluminium carbide is decomposed, in the cold, by water, forming methane 
and aluminium hydroxide (Ber. 27, R. 620: 29, R. 613): 

C3AI4 + I2H2O = 3CH4 + 2Al2(OH),. 


(4) Methyl alcohol or wood-spirit, CHg-OH, can be converted into methane 
by first changing it to methyl iodide, and then reducing the latter with nascent 
hydrogen from moist zinc -copper, or with zinc dust in the presence of alcohol 
(Ber. 9, 1810), or with potassium hydride (C. 1902, 1. 708), or by preparing zinc 
methyl, Zn(CH2)2» from methyl iodide, and decomposing it with water : 


CH3 OH ► CH3I -f 2H = CH4 + HI 


CH 


8^Zri 


CH, 

Zinc methyl. 


HOH _ CH4 
HOH ~ CH4 


+ Zn< 


OH 

OH 


(.^) Instead of using zinc methyl, it is more convenient to decompose an 
ether solution of methyl magnesium iodide with water : 

CHgMgl + H2O - CH4 -f Mgl OH. 


In the laboratory methane is made (6) by heating sodium acetate 
with soda-lime, of which the active ingredient is sodium hydroxide. 
The addition of the lime is for the purpose of protecting the glass 
vessel from the corroding action of the molten sodium hydroxide : 

CHg COaNa -f NaOH = CH4 + NaaCOg. 

Properties . — Methane is a colourless gas possessing a slightly alli- 
aceous odour. Its critical temperature is — 82°, and its critical 
pressure 45-6 atm. At low temperatures it forms colourless needles, 
which melt at — 184°. The boiUng point under atmospheric pressure 
is — 164°. It is slightly soluble in water, but more readily in alcohol. 
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It burns with a faintly luminous, yellowish flame, and forms explosive 
mixtures with air, oxygen, and chlorine : 

CH 4 + 20, = CO, + 2H,0 (steam). 

1 vol. 2 vola. 1 vol. 2 vols. 

It is decomposed into carbon and hydrogen by the continued 
passage of the electric spark. 

Formaldehyde is obtained from methane by the action of ozonized 
oxygen at ordinary temperatures. (This reaction can be used for the 
estimation of methane in gaseous mixtures, Ber. 45, 3515.) The 
partial oxidation of methane by leading a mixture of methane and 
air over vanadium pentoxide at 300° also yields formaldehyde (C. 
1921, III. 1318). When mixed with two volumes of chlorine it 
explodes in direct sunlight, with separation of carbon, 

CH4 + 2CI2 = C + 4 HC 1 . 

In diffused sunlight chlorine substitution products are produced : 

CH4 4 CI2 = HCl 4 - CH3CI — Monochloromethane or methyl chloride. 

CH3CI 4 ~ CI2 = HCl 4 - CHgClg — Dichloromethane or methylene chloride. 

CH2CI2 -f- CI2 = HCl 4 " CHCI3 — Trichloromethane or chloroform. 

CHCI3 4 - CI2 = HCl 4 - CCI4 — Tetrachloro me thane or carbon tetrachloride. 

Through methyl chloride methane may be converted into methyl 
alcohol, ethane, ethyl alcohol, and acetic acid. 

Fluorine reacts explosively at — 187°. 

Ethane, Ethyl hydride, Dimethyl, CHs-CHg, was discovered in 1848 
by Frankland and Kolbe. 

It is formed by the following reactions : 

(1) Frmn the unsaturated hydrocarbons, acetylene and ethylene, by 
the addition of hydrogen, whereby the double or triple link is broken 
down : 

C2H2 -f- 2H2 = C2Hg 
C2H4+ H2 = C2He. 

(2) From the corresponding alcohol, ethyl alcohol, by way of (a) 
ethyl iodide or (6) of zinc ethyl, just as methane was prepared from 
methyl alcohol : 

C2H3OH CaHfil 4- 2H = C2H5 H 4- HI 


+ Hol = (Frankland). 

Or (c) magnesium ethyl bromide may be decomposed by water ; 
or {d) mercury ethyl by concentrated sulphuric acid : 

CaH^MgBr + H2O = C2He 4- MgBr OH 
(C2H5)2Hg + H2SO4 = 2C2H6-H 4- HgSO^ (Schorlemmer). 

(3) From Compounds derived from Methane . — These last three 
methods led to the assumption that ethane was ethyl hydride. The 
following reactions show how ethane can be formed from the union 
of two methyl residues, and hence led to the view that the hydro- 
carbon wa® dimethyl, (a) Sodium is allowed to act on methyl iodide 
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— the reaction is accelerated by the addition of one drop of acetonitrile 
(0. 1901, II. 24) — or (6) zinc methyl may be substituted for the metal : 

2CH3I + 2Na = CH3 - CHs 4 - 2 NaI (Wilrtz), 

2CH3I -f (CH3)3Zn = 2CH3 - CHg -f Znlj. 

(4) By heating acetic anhydride with barium peroxide. Acetyl 
peroxide is the first product, which then breaks down into ethane 
and CO 2 {Schutzenbergery 1868). 

2(CH3C0)20 + BaOa C^He + (CHsCO O)2Ba + 2 CO 2 

From a theoretical point of view (5) the electrolysis of a con- 
centrated solution of potassium acetate (p. 84) (the method used by 
Kolbe (1848) by which he discovered ethane), is of great importance. 
The salt breaks down into its two electrochemical constituents — 
potassium, its electro-positive ion, appearing at the negative pole and 
separating hydrogen from water at that point, and the unstable electro- 
negative ion radical CHg-COg — , which decomposes at the positive 
pole into — CH 3 and CO 2 . Two methyl groups then unite to dimethyl, 
just as two hydrogen atoms combine to form a molecule of that element. 
+ — + — 

ChT^ K HcTh CH^ H 

+ = + 2CO2 + 2 KOH + I 

CH3CO2K HO:H CH3 H 

It has been suggested that the Kolbe synthesis proceeds via the intermediate 
formation of acetyl peroxide, (CHaCO*0)2, which then breaks down into CgHg 
and 2CO2. The recent experiments of Walker (J.C.S. 1928 , 2040 ) on the break- 
down of acetyl peroxide do not support this view. He was unable to obtain 
large yields of ethane by the thermal decomposition of acetyl peroxide, but 
always obtained a large amount of methane, which is not, in fact, produced by 
the electrolysis of potassium acetate. 

Both Kolbe and Frankland believed that ethyl hydride CaHs-H differed from 
dimethyl CHa'CHg. Such a difference was not possible in the light of the valence 
theory. By converting the hydrocarbon from (C2H3)2Hg and that obtained in 
the electrolysis of potassium acetate into the same ethyl chloride Sohorlernmer 
( 1863 ) proved the identity of ethyl hydride and dimethyl CHa-CHg. 

H,S 04 Cl, 

(CgHJaHg C2H3.H C2H3CI. 

electric current CJ, 

2CH3 CO2K ^ CHa-rHs > CH3CH2C]. 

Properties. — Ethane is a colourless and odourless gas. Its critical 
temperature is 4 34° and its critical pressure 50-2 atmospheres. It 
melts at — 172° and boils at — 84° under 760 mm. Its general 
behaviour resembles that of methane. 

Homologues of Methane and Ethane 

Nomenclature and Isomerism. — In consequence of the equivalence 
of the four valencies of carbon, no isomers are possible for the first 
three members of the series CnH 2 n-f 2 • 

CH4 CH3— CH3 CH3— OHg— CH3. 

Methane. Ethane. Propane. 

Two structural isomers exist for the fourth member, CjHio ; 

/CH, 

CHs— CH,— CH,— CHg and CH^CH, 

Normal Butane. xCHg 

i«oButane. 
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In the name trimethylmethane for ^'sobutane, isomeric with normal 
butane, it is indicated that this substance is derived from methane by 
the replacement of three hydrogen atoms by three methyl groups. 

For the fifth member, pentane, CgHia, three isomers are possible : 

yCHs 

CH3— CH2— CHa— CH^— CH3 CH( CH3 

Normal Pentane. \CH2-CH3 

Dimcthylethylinethane. and 

CHs\ /CH3 

Tftramethyiraethane. 

CH 3 / \CH 3 

The number of theoretically possible isomers now increases rapidly. 
Hexane, CeHi 4 , has 6 isomers ; heptane, C 7 H 16 , 9 isomers ; octane, 
CgHif^, 18 isomers ; tridecane, C 13 H 28 , 802 isomers. On the calcu- 
lation of the number and nature of the isomeric paraffins, see Chem. 
Ztg. 1898, I. 395. 

Commencing with the fifth member, the names are formed from 
the Greek words representing numbers. 

Formation. — In preparing the homologous paraffins, the homologues 
of ethyl alcohol CnH 2 n+i‘OH and the saturated fatty acids are 
employed. 

I. Formation from compounds containing the same number of 
carbon atoms 

( 1 ) From the unsaturated hydrocarbons by the addition of hy- 
drogen (see Ethane). 

(2) By the reduction of alcohols, ketones, and carboxylic acids. 

(а) The alcohol, for example ethyl alcohol, is changed to the 
chloride, bromide, or iodide, which is then reduced with nascent 
hydrogen, by means of zinc and hydrochloric acid, or sodium amal- 
gam and alcohol. The iodide may alternatively be treated with 
aluminium chloride (Ber. 27, 2766). 

Thus, propane has been prepared from the two propyl iodides C3H7I by zinc 
and hydrochloric acid, as well as from «:#epropyl chloride by sodium-ammonium 
(C. 1905, II. 112). By heating the alkyl iodides with zinc and water in sealed 
tubes at 120-180°, paraffins are obtained. 

(б) The saturated fatty acids, CnHgn+i’COgH, particularly the higher members 
of the series, may be reduced to the corresponding paraffins by heating them 
with concentrated hydriodic acid and red phosphorus to 200-250° : 

Ci,H37-C02H + 6HI - C18H38 -I- 3I3 + 2H3O. 
stearic acid, Octadecane. 

(c) The ketones resulting from the distillation of the calcium salts of 

fatty acids, are reduced to paraffins when they are heated with hydriodic acid. 
It is more practical first to prepare the keto -chlorides by the action of phosphorus 
pentachloride upon the ketones, and then to reduce them. 

The last two reactions especially were applied (Ber. 15 , 1687, 1711 : 19 , 2218) 
in the preparation of the normal hydrocarbons from nonane, CH8(CH2)7CH3, to 
tetracosane, CH8(CH2)22CH3. 

Acetoacetic ester and its mono- and dialkyl substitution products yield 
paraffins on electrolytic reduction in sulphuric acid solution ; changes in the 
carbon skeleton may, however, take place dining the reduction (Ber, 45 , 437). 

(3) From Organometallic Compounds. — The alcohol is changed by 
way of the alkyl iodide into a zinc or mercury alkyl, and the zinc 
alkyls are then decomposed by water (see Methane and Ethane), 
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and the mercury alkyls by acids (see Ethane). Also, the easily 
prepared magnesium halogen alkyls may be decomposed by water, 
thereby liberating the paraffin (C. 1901, I. 1000). 

II. Formation from compounds containing a greater number of 
carbon atoms 

(4) A mixture of the salts of fatty acids and an alkali hydroxide, 
or better, soda-lime, is subjected to dry distillation. 

* R COONa + NaOH = Na^COg -f R H. 

When the higher fatty acids are subjected to this treatment, the 
usual products are the ketones. Hydrocarbons are, however, produced 
when sodium methoxide is used in place of soda-lime (Ber. 22, 2133). 

The dibasic acids are similarly decomposed : 

/COa-Na 

+ 2NaOH = + 2 NaoC 03 . 

\CO.,-Na 


III. Formation by joining two alkyl groups together 

(5) Method of Wurtz : this consists in the action of sodium (or 
reduced silver or copper) on the bromides or iodides of the alcohol 
radicals in ethereal solution (see Ethane). Thus with sodium : 


CjjHgl yields CgHg-CgHg Diethyl or normal Butane. 

CHgCHgCHgl ,, C3H7‘C3H7 Di-propyl or normal Hexane. 

CH3CH2CH2CH2I ,, C4H9*C4H9 Di-butyl or normal Octane. 

The addition of one or two drops of acetonitrile accelerates the reaction 
(C. 1901, II. 24). This reaction proceeds especially easily with normal alkyl 
iodides of high molecular w'eights. Thus, Hell and lldgclcy by fusing rnyricyl 
iodide with sodium, obtained hexacontano, C99Hi22» compound having the 
longest normal carbon chain known up to the present time (Ber. 22 , 502). By 
employing a mixture of the iodides of two primary alcohols, a mixture of hydro- 
carbons results, e.g, a mixture of RT and R'-l gives with sodium a mixture 
of the hydrocarbons RR, RR', and R'R'. The iodides of optically active alcohols, 
e.g. optically active amyl iodide, yield optically active paraffins. Magnesium 
acts similarly to sodium on the iodides of the higher al(;oholic radicals (C. 1901, 
I. 999 : Ber. 36 , 3083), for example : tertiary butyl bromide and magnesium 
give hexamethylethane (CH3)3C-C(CH^)3> which is also formed by the interaction 
of pentamothylethyl bromide and methyl magnesium bromide (C. 1906, II. 748) : 

C(CH3)3-C(CH3)2Br + CHgMgBr = (CH3)3C-C(CH3)3 + MgBr,. 

(6) Action of zinc alkyls on alkyl halides and ketone chlorides : 
thus, tertiary butyl iodide and zinc ethyl give trimethylethylmethane 
(Ber. 32, 1445 : 33, 1905) ; /3-dichloropropane is changed by zinc 
methyl into tetramethylmethane : 


ch:>co- 

Acetone. 


CHj-. „ ^CH, CH3^r,^CH3 , 

+ ^"<CH3 = CH3>^<CH3 + ^"*"**- 

Acetone chloride. 


The alkylmagnesium halides also react with alkyl halides, but less 
readily than the zinc alkyls, with the formation of paraffins (Ber. 
37, 488). 


* R is a general abbreviation for an alkyl group, and means CH3, C2H5, C3H7, 

or, in general, a group C„H2/,+i. The abbreviations Me, Et are frequently used 
for the methyl and ethyl groups and Ac for the acetyl group, CHa^CO — . These 
abbreviations will be used in this book where convenient. 
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(7) By the electrolysis of the alkali salts of fatty acids (see Ethane). 
Alcohols may occur as subsidiary products : methyl alcohol from 
potassium acetate ; ethyl alcohol from sodium propionate. Also 
unsaturated hydrocarbons, as isobutylene, are produced from tri- 
methylacetic acid. 

Synthetic Methods . — The last group of reactions comprises syn- 
thetic methods for the building up of hydrocarbons. In the for- 
mation of methane from carbon disulphide and hydrogen sulphide 
it was explained what in general was understood by the synthesis 
of a carbon compound. Those reactions in which carbon atoms, not 
before combined with one another, become united, claim particular 
importance in the synthesis of the compounds of carbon {Lieben, 
Ann. 146, 200). Such reactions are the synthetic methods of organic 
chemistry in the more restricted sense, and may be called nuclear 
syntheses. 

The synthesis of a carbon compound from derivatives of known 
structure is one of the most important means employed for the 
recognition of its structure or constitution. 

Properties of the Paraffins . — The lowest members of the series up 
to butane and tetramethyl methane are gases at the ordinary tem- 
perature. The middle members are colourless Hquids, with a faint 
but characteristic odour. The higher representatives, beginning with 
hexadecane, C18H34, m.p. 18°, are crystalline sohds. The highest 
members are only volatile without decomposition under reduced 
pressure. The boiling points rise with the molecular weights ; the 
difference for CHg is at first 30°, and with the higher members it 
varies from 25° to 13°. 

The boiling points of propane, of the two butanes, the three 
pentanes, and the five known hexanes are given in the following 
table. All the theoretical!}^ possible isomers are known : 


Name. Structural Formula. B.P, at 700 mm. 

CgHg Propane CH3CH2CH3 — 45 ° 

C4H10 Butanes 

Normal Butane .... CHg CHa'CH^ CHa + 1 ° 

isoButane (Trimethylnieth- 

ane) CH3CH(CH3)2 - 11 - 5 ° 

C5H12 Pentanes 

Normal Pentane . . . CH3'[CH2]3-CH3 + 38 ° 

i^oPentane (Dimethylethyl- 

methane) (CH3)2CH-C2H5 + 30 ° 

Tetramethylmethane . . 6(0113)4 + 

CeHi4 Hexanes 

Normal Hexane . . . CH3[CH2]4CH3 + 71 ° 

tsoHexane (Dimethylpropyl- 
methane) 

Methyldiethylmethano . . CH8CH(C2H6)2 + 04 ° 

Dmopropyl (CH8)2CH-CH(CH3)2 + 58 ° 

Trimethylethylmethane . (CH8)3C'C2H5 + 49 ° 


It is evident from this table that among isomers those with 
normal structure (p. 35) have the highest boiling points : generally 
the accumulation of methyl groups in the molecule lowers the boiling 
points. The same regularity be again encountered in other 
homologous series. 

VOL. I. 
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The subjoined table contains the melting points, boiling points, 
and the specific gravities of the known normal paraffins : 

M.P. B.P. Sp. Gr. 


Heptane 



^7^16 



/ 98-4° 

0-7006 (0°) 

Octane . 



CgHig 



125-5° 

0-7188 (0°) 

Nonane . 



^9^20 

- 51° 

a> 

149-5° 

0-7330 (0°) 

Decane . 




- 32° 

I 

173° 

0-7456 (0°) 

Undecano 



OnH24 

— 26-5° 


194-5° 

0-7746^ 


Dodecane 



CiAe 

- 12° 


214° 

0-773 


Tridecane 



^13^28 

- 6-2° 

i( 

234° 

0-775 


Tetradecane 



C14H30 

+ 5-5° 

s 

t-- 

252-5° 

0-775 


Pentadecane 



^'16^32 

+ 10° 

270-5° 

0-775 


Hexadecane 



C16H34 

+ 18° 

V 

287-5° 

0-775 


Heptadecane 



C17H36 

+ 22-5° 


303° 

0-776 


Octadecane . 



C18H38 

+ 28° 

1—' 

317° 

0-776 


Nonadecane 



C19H40 

+ 32° 


330° 

0-777 

at their 
• m.p. 

Eicosane 



^20^142 

4- 36-7° 

QJ 

205° 

0-777 

Heneicosane 



C21H44 

+ 40-4° 


215° 

0-778 

Docosane 



C22H46 

+ 44-4° 

a> 

224-5° 

0-778 


Tricosane 



^^28^48 

+ 47-7° 

A 

234° 

0-778 


Tetracosane 



C24H50 

+ 51-1° 


243° 

0-778 


Heptacosane 




+ 59-5° 

1 ^ 
tH 

270° 

0-779 


Nonocosane 



^29^60 

+ 62-7° 




Hentriacontane 



C31H34 

+ 68-1° 

M 

O) 

302° 

0-780 


Dotriacontane . 



^^32^ 6 6 

+ 70-0° 

a 

310° 

0-781 

1 

Pentatriacontane 



^^36^72 

+ 74-7° 

P 

,331° 

0-781 


Hexacontane 



^6otIl22 

4- 102° 


. 

. 



n -Heptane is formed during the distillation of the resin of Pinus Sabiniana 
and Pinua Jeffreyi (C. 1901, I. 1143). Methylethylpropylmethaney one of the 
isomers of n -heptane, is the simplest hydrocarbon containing an asymmetric 
C-atom (see p. 38). Its dextro-rotatory form, b.p. 91°, and [ajo = + 9*5°, is 
prepared by the action of sodium on a mixture of ethyl iodide and d-amyl iodide 
(Her. 37, 1046). 

A large number of isomeric octanes and nonanes have been prepared (J.A.C.S. 
33, 520 : 34. 680). 

Of the isomers of n-octane, hexametliylethane (CH3)3C-C(CH3)3, m.p. 104°, 
b.p. 107°, should be mentioned on account of its high vapour pressure, and 
similarity to perchl ore thane (p. 122) ; it results from the reaction of pentamethyl 
ethyl bromide and methyl magnesium bromide (C. 1906, II. 748). 

Heptacosane and hentriacontane have been found in American tobacco 
(C. 1901, II. 395). 

n-Nonocoaane has been obtained from cabbage fat (Biochem. J. 23, 168). 

The saturated hydrocarbons are insoluble in water, whilst the lower and 
intermediate members are readily soluble in alcohol and ether. The solubility 
in those last two solvents falls with increasing molecular weight : dimyricyl, 
C3oHi22» m.p. 102°, is scarcely soluble in either of them. 

The specific gravities of the liquid and solid hydrocarbons increase with their 
molecular weights, but are always less than that of water. It is remarkable that 
in the case of the higher members the specific gravities at the point of fusion are 
almost the same. They rise from 0-773 for dodecane, CigHge, to but 0-781 for 
pentatriacontane, C35H72 ; consequently the molecular volumes are nearly 
proportional to the molecular weights (Ber. 15, 1719 : Ann. 223, 268). 

The paraffins are not absorbed by bromine in the cold or sulphuric 
acid, being in this way readily distinguished and separated from the 
unsaturated hydrocarbons. They are very stable, and, in con- 
sequence, react with difficulty. Fuming nitric acid and even chromic 
acid are without much effect upon them in the cold ; when heated, 
however, they generally are oxidized directly to carbon dioxide and 
water. Recently, 7i-hexane and /i-octane have been nitrated by 
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heating them with dilute nitric acid. The isomers are more easily 
attacked than are the normal paraffins. When acted on by chlorine 
or bromine they yield substitution products. 

When paraffins are nitrated or chlorinated, in general the hydrogen 
attached to a tertiary carbon atom is replaced rather than that 
attached to a secondary, and the latter rather than that attached 
to a primary carbon atom. 

When oxidized in a current of air at 100°, paraffin- wax yields a 
mixture of fatty acids and non-acidic compounds, from which the 
isolation of individual substances is nearly impossible. By the 
oxidation of pure ri-triacontane, it has been shown that the first 
product is probably a secondary alcohol, which is then oxidized to 
a ketone, and this to the acids. Oxidation probably starts at the 
fourth carbon atom of the chain, and the product with the longest 
chain which was isolated was one containing 26 carbon atoms (Francis 
and Wood, J.C.S. 1927, 1897). 

Technical Production of the Saturated Hydrocarbons. — The 

hydrocarbons, readily obtainable on a commercial scale, are em- 
ployed in enormous quantities for illuminating and heating purposes, 
are also used as solvents for fats, oils, and resins, as lubricants for 
machinery, and as salves. 

The great abundance of mineral oil, petroleum, rock-oU, naphtha, 
is of the utmost importance to chemical industry. The oil is very 
widely distributed, but only occurs in certain districts in sufficiently 
large quantities to be usefully worked. It is especially abundant in 
Pennsylvania and Canada, although it is also found in the Crimea 
along the Black Sea, and at Baku on the shore of the Caspian, as well 
as in Hungary, Galicia, Roumania, and the Argentine Republic. 
Its occurrence in Germany, in Hanover, and in Alsace is limited. 
Since the year 1859 efforts have been put forth to work oil wells 
which have been known for many years, and also to make new borings. 
(See C. Engler and H. Hofer, Das Erdol, Hirzel, 1913.) 

In 1925 the world-production of crude oil was some 147 million 
tons ; of this America produced 103, Russia 7*4, Galicia 0*8 and 
Roumania 2-3 millions. 

In a crude state it is a thick, oily liquid, of brownish colour, which 
appears green by reflected light. Its more volatile constituents are 
lost upon exposure to the air ; it then thickens and eventually passes 
into asphaltum. The greatest differences prevail in the various kinds 
of petroleum. It is very probable that petroleum has been produced 
by the decomposition of the fatty constituents of fossil animals. This 
took place under the influence of great pressure and the heat of the 
earth. The distillation of fish blubber under pressure has yielded 
products very similar to American petroleum [Engler, Ber. 26 , 1449 : 
30, 2908 : 33, 7 : Ochsenius, Ber, 24 , R. 594). 

By distillation with kieselguhr or aluminium chloride, cholesterol 
yields a similar mixture of hydrocarbons, which, like natural petro- 
leum, is optically active (Steinkopf, J. pr. Chem. 100 , 65 : Zelinsky, 
Ber. 60 , 1793). 

Mendelejeff first suggested that it was possible for petroleum to be 
formed by the action of water on the metallic carbides in the interior 



ICO 


ORGANIC CHEMISTRY 


of the earth, and Moissan subsequently came to the same conclusion 
during his investigations on the carbides (Ber. 29, R. 614). 

Apart from geological evidence the following facts contradict this 
view and favour an organic origin for petroleum : ( 1 ) a small nitrogen 
content (pyridine bases) in most specimens of petroleum ; ( 2 ) the 
optical activity of the higher fractions, which according to present 
knowledge coiild not be formed by such a synthesis, as this would 
lead to the formation of racemic (inactive) bodies only. 

A short review of the theories of the origin of petroleum is given 
in Naturwissenschaften, 1925, 623. 

The constituents of American petroleum possessing a low boiling 
point, consist almost entirely of saturated hydrocarbons, both normal 
paraffins and those of the general formulae Rg-CH-CH-Rg, CHRg, and 
CR 4 (Ber. 32, 1445 : 33, 1905). Small quantities of some of the 
aromatic hydrocarbons (cumene and mesitylene) are present. The 
crude oil has a specific gravity of 0-8-0-92, and distils from 30° to 
360° and higher. Various products, of technical value, have been 
obtained from it by fractional distillation : Petroleum spirit, sp. gr. 
0-665-0-67, distilling about 50°-60°, consists of pentane and hexane ; 
petroleum benzine, sp. gr. 0-68-0*72 (not to be confounded with the 
benzene of coal tar), distils at 70-90°, and is composed of hexane 
and heptane ; Ugroin, boiling from 90° to 120°, consists principally 
of heptane and octane ; refined petroleum, called also kerosene, boils 
from 150° to 300°, sp. gr. 0-78A)*82. The portions boiling at high 
temperatures are applied as lubricants ; small amounts of vaseline 
and paraffin (see below) are obtained from them. 

Caucasian petroleum (from Baku) has a higher specific gravity than the 
American ; it contains far less of the light volatile constituents, and distils at 
about 150". Upwards of 10 per cent, of benzene hydrocarbons (CgHg to cymene 
as w’ell as less saturated hydrocarbons, C„H 2 m- 8 > etc., may be extracted 
by shaking it with concentrated sulphuric acid (Ber. 19, K. 672). These latter are 
also present in the German oils (Naphthenes, Ber. 20 , 595). That portion of the 
Caucasian petroleum insoluble in sulphuric acid consists almost exclusively of 
CnH,„ hydrocarbons, the naphthenes, which belong to the cydoparaffins (Vol.II) 
and are probably chiefly ci/rZopentanes, mixed with hydrogenated aromatic 
compounds. From its composition. Culician petroleum occupies a position be- 
tween American petroleum and that from Baku. 

German petroleum also contains benzene hydrocarbons (extractable by 
sulphuiic acid), but consists chiefly of the saturated hydrocarbons and naphthenes 
(Kramer, Ber. 20 , 595). The so-called petrolic acids are present in all varieties 
of petroleum, particularly that from Russia. 

Products similar to those occurring in mineral oil are yielded by the tars 
resulting from the dry distillation of brown-coal (from the province of Saxony), 
and of the bituminous shale (in Scotland and the Gewerkschaft Messel, Darmstadt, 
in Hesse). These tars contain appreciably greater quantities of unsaturated 
hydrocarbons associated with the naphthenes and paraffins, as well as the aromatic 
hydrocarbons present in the tar from bituminous shales (Heusler, Ber. 28 , 488 ; 
30 , 2743 : Z. anorg. Chem. 1896, 319). Large quantities of solid paraffins are 
also present in these tar oils, from which up to 46 per cent, of lower boiling 
hydrocarbons can be obtained by destructive distillation at 350" to 500°. A 
mixture of paraffin hydrocarbons can be obtained from “ low -temperature tar,” 
obtained by carbonization of coal at 350-500" (Pictet, Fischer, and others, Ber. 
46 , 3342 ; 52 , 1035, 1053). 

By solid paraffin is ordinarily understood the high-boiling solid 
hydrocarbons (above 300°) obtained by the distillation of the tar 
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of wood, peat, lignite, and bituminous shales. They were discovered 
by Reichenbach (1830) in the tar from the beech- wood, and in nature 
occur more abundantly in the petroleum from Baku than in ’that from 
America. In the free state they constitute the class of mineral waxes, 
which includes ozokerite (in Galicia and Roumania, and Tscheleken, an 
island in the Caspian Sea, Ber. 16 , 1547) ; and neftigil (in Baku). For 
their purification the crude paraffins are treated with concentrated 
sulphuric acid, to destroy the resinous constituents, and are then 
re-distilled. Ozokerite that has been bleached without distillation, 
bears the name ceresine, and is used as a substitute for beeswax. 
Paraffins that liquefy readily and fuse between 30° and 40° are known 
as vaselines, and find application as salves. 

When pure, the solid paraffins form a white, translucent, leafy, 
crystalline mass, soluble in ether and hot alcohol. They melt between 
45° and 70°, and are essentially a mixture of saturated hydrocarbons 
boiling above 300°, but appear to contain also those of the formula 
CnH 2 n. Chemically, paraffin is extremely stable, and is not attacked 
by fuming nitric acid. Substitution products are formed when chlorine 
acts upon paraffin in a molten state. 

B . UNSATURATED HYDROCARBONS 

The unsaturated hydrocarbons are those hydrocarbons containing 
one or more double or triple bonds in the molecule, and will be discussed 
here in the following classes : 

1. Hydrocarbons C„H 2 n : Olefines. 

2. Hydrocarbons CnH 2 n -2 • Acetylenes. 

3. Hydrocarbons C„H 2 n -2 * Diolefines. 

4. Hydrocarbons CnH 2 n- 4 . 

5. Hydrocarbons CnH 2 n— e- 

6. Still more unsaturated hydrocarbons. 

1. OLEFINES OR ALKYLENES, CnH^n 

The hydrocarbons of this series contain two hydrogen atoms less 
than the saturated hydrocarbons. All contain two adjacent carbon 
atoms united doubly to each other, or, as commonly expressed, they 
contain a double carbon linkage. The olefines readily take up two 
univalent atoms or radicals, whereby the double carbon union becomes 
converted into a single one : paraffins or their derivatives result. 

The names of the olefines are derived from the names of the alcohols 
containing a like carbon content, with the addition of the suffix 
ene ” : ethylene from ethyl, propylene from propyl, and finally 
for the series we have the name : alkylenes. In the “ Greneva names ” 
the yl of the alcohol radicals is replaced by “ ene ” : [ethene] from 
ethyl, [propene] from propyl, and for the series : alkenes. In long 
series the position of the double union is indicated by an added 
number or Greek letter. Methylene, =CH 2 , the hydrogen com- 
pound corresponding to CO, has thus far resisted isolation. Two 
=CH 2 groups invariably unite to form ethylene — the first member 
of the series. Beginning with the second member of the series, 
propylene, we find, as we advance, that the olefines have isomers in 
the ring-compounds — ^the ct/cfoparaffins. 
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Propylene is isomeric with cycZopropane, 

The three butylenes are isomeric with ci/cZobutane, 

The amylenes and hexylenes are similarly isomeric with ci/cZopen- 
tane and ci/cZohexane. 

The ci/cfoparaffins are more closely allied in chemical character 
to the paraffins than to the isomeric olefines. They do not show 
the great additive power of the latter, as addition would necessitate 
a rupture of the ring. They will be discussed in a subsequent volume 
with other ring compounds. 

Ethylene may be taken as being t 3 rpical of the olefines. 

Ethylene, CH 2 =CH 2 [Ethene], Ektyl, is also known as olefiant 
gas, because, by the action of chlorine, it 3 nelds an oily compound, 
ethylene chloride (g.v.). This property has given the name to the 
whole series. Ethylene is formed during the dry distillation of many 
organic bodies, and is present in illuminating gas to the extent of 
4 to 5 per cent. 

Methods of Formation, — ( 1 ) By heating methylene iodide, CH 2 I 2 , 
with metallic copper to 100 ® in a sealed tube (Bvtlerow) : 

CH 2 

2 CH 2 I 2 + 4Cu = II + 2 CU 2 I 2 . 

CH 2 

( 2 ) By the action of metallic sodium on ethylidene chloride 
(Tollens) and ethylene chloride, as well as from zinc and ethylene 
bromide : 

CHCI 2 CH 2 CI CH 2 CH 2 Br CH 2 

I or I + 2Na = |1 + 2NaCl ; 1 + Zn = || + ZnBrg. 

CH 3 CH 2 CI CH 2 CH 2 Br CH 2 

A convenient laboratory method for the preparation of pure 
ethylene is the action of the zinc-copper couple on an alcoholic 
solution of ethylene bromide. 

(3) By the action of zinc and ammonia on copper acetylide, or 
by hydrogenation of acetylene in presence of finely divided metals 
such as nickel. 

CH CH 2 

III + 2H = II . 

CH CH 2 

(4) By the action of alcoholic potassium hydroxide on ethyl 
bromide : 

CHaBr CHg 

1 -f KOH = 11 + KBr + H 2 O. 

CH 3 CH 2 

(5) Upon heating ethyl sulphuric acid (p. 168). This is the method 
usually pursued in the laboratory for the preparation of ethylene 
(Ann. 192, 244) : 

= H,SO, + C,H.. 

Sulphuric acid may be replaced, with advantage, by syrupy phos- 
phoric acid, because no charring occurs when this acid is employed. 
The ethylene is evolved when alcohol is slowly dropped into the acid 
which is heated to 200-220® (C. 1901, II. 177). 
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(6) By the electrolysis of a concentrated solution of potassium 
succinate (see Ethane) (Kekule ) : 

CR^^K HOH ^ " H 

I ; + i = II + 2CO, + 2KOH + I • 

CH2CO2K HOH CH^ H 

Properties. — Ethylene is a colourless gas, with a peculiar, sweetish 
odour : it is now sometimes used as an anaesthetic. Water dissolves 
but small quantities of it, whilst alcohol and ether absorb about 
2 volumes. It is liquefied at 0°, at a pressure of 42 atmospheres. 
Its critical temperature is 13°, and its critical pressure exceeds 60 
atmospheres. It melts at — 169° and boils under atmospheric pressure 
at ~ 105°. It can be used for the production of very low tempera- 
tures (Ber. 32 , 49). It burns with a bright, luminous flame, decom- 
posing initially into methane and acetylene (Ber. 27 , R. 459). A 
mixture of ethylene and chlorine when ignited burns slowly with a 
very sooty flame. It forms a strongly explosive mixture with oxygen 
(3 volumes). 

Reactions. — (1) In the presence of platinum black, it will combine 
with hydrogen at ordinary temperatures, 3delding C2H6 (Ber. 7 , 354). 

(2) It is absorbed by concentrated hydrobromic and hydriodic 
acids at 100°, with the production of CgHgBr and C2H5I : 

CHa CH 3 CHa CHal 

II + Ha = I ; II + HI = I . 

CHa CHj CHa CH 3 

( 3 ) It combines with sulphuric acid at I60°-174° forming ethyl 
hydrogen sulphate, and with sulphuric anhydride to yield carbyl 
sulphate. The combination of ethylene with sulphuric acid in the 
presence of metallic catalysts is of technical importance in the con- 
version of ethylene to ethyl alcohol (C. 1921, II. 265). 

CHa /OH /OC2H5 CHa CHaOSOaV 

II + SOa< = SOa< ; || + 2SO3 = | >0. 

CHa \OH \OH CHa CHa— SO2 / 

(4) It unites readily with chlorine and bromine, as well as with 
iodine in alcoholic solution, and with the two iodine chlorides (Ber. 
26 , 368) : 

CHa CHaBr CHa CHaCl 

II + Bra - I ; II + ClI = I 

CHa CHaBr CHa CHal 

The reaction between ethylene and bromine is catalysed by the glass surface 
of the reaction vessel and does not take place if the glass is covered with paraffin : 
Norrish, J.C.S., 123, 3006. 

(5) It forms the monochlorhydrin of glycol by its union with 
hypochlorous acid. 

(6) Ethylene glycol itself, however, is produced by carefully 
oxidizing ethylene with dilute potassium permanganate, which acts 
as if hydrogen peroxide added itself to the ethylene : 

CHa CHaCl CHa ^H CHaOH 

11 + ClOH =1 ; 11 + I = 1 

CHa CHaOH CHj OH CHgOH 

(7) Ethylene combines with ozone to give the ozonide, a colour- 
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very explosive liquid, which is decomposed by water into form- 
aldehyde and formic acid (Ber. 42, 3305) : 

O, 


CHo-CHo 


1> CHa— CHg 


Y 


CHaO + HCOaH. 


The constitution of the ozonide is discussed on p. 106. 

At 5S5° ethylene can be oxidized by atmospheric oxygen to 
formaldehyde in good yield (Willstatter, Ann. 422, 36). 

(8) By the action of nitrating acid at 0°, glycol dinitrate 
C2H4(0N02)2 and /S-nitroethyl nitrate N02C2H4-0N02 are produced 
(Wieland, Ber. 53, 201). 

(9) Addition of NgOg and NO 2 to ethylene yields a ^^^i^do-nitrosite 
(bis-nitrosonitro compound) and a dinitro compound {Wielandy Ann. 
424, 72). 

CH2CH2NO2 

I CHa-CHa 

(NO) 2 pseudonitrosite \ | dinitro compound. 

I NOaNOa 


(10) Ethylene and its homologues readily form co-ordination com- 
pounds with many metallic salts such as CuCl . . . C2H4, H2O (Ann. 
370, 286) : C2H4 . . . HgOH Cl (Ann. 420, 170 : Ber. 53, 984) : 
A1C13-3C2H4-H20 (J.A.C.S. 38, 1384). The mercury compound is 
fairly stable, but the cuprous and aluminium compounds are unstable. 

Ethylene Homologues. — Higher olefines are found in the tar 
obtained from bituminous shales (Ber. 28, 496), in American petroleum 
(C. 1906, II. 120), and apparently also in coal tar (Ber. 38, 1296). 

Olefine isomers appear first with butylene. Three modifications 
are possible and are known : 

( 1 ) CH3— CH2— CH = CH2 (2) CHg— CH=CH— CHg ( 3 ) CH2 = C(CH8)2 

Butylene. 3?«f?twfoButylene. isoButylene. 

p^e^^doButylene has been obtained in two geometrical isomeric modi- 
fications (p. 41) (Ann. 313, 207) : 

CH3X yCHe CH3. /H 

h/ \H h/ XCHg 

ci«-psei^<ioBntylene, b.p. 1-1*5°. trans-pseudoButyl^ji^^ b.p. 2*5°. 

Five olefines of the formula C5H10 are possible. 

Methods of Formation. — (1) The halogen derivatives, readily formed 
from the alcohols, are digested with alcoholic sodium or potassium 
hydroxide. 


In this reaction the haloid (especially the iodide) derivatives corresponding 
with the secondary and tertiary alcohols break up very readily. Propylene 
has been obtained from ^opropyl iodide, a -butylene from the iodide of normal 
butyl alcohol, j3-butylene from secondary butyl iodide, and isobutylene from the 
iodide of tertiary butyl alcohol. Many others have been prepared in the same 
way. Heating with lead oxide effects the same result (Ber. 11, 414). Tertiary 
iodides yield olefines when treated with ammonia. 


(2) Distillation of the monohydric alcohols, CwH2n+iOH, with 
dehydrating agents, e.g. sulphuric acid, zinc chloride, and phosphorus 
pentoxide (C. 1901, II. 77), or boron trioxide or oxalic acid (C. 1898, 
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I. 557 : Ber. 34, 3249) or passage of their vapours over heated an- 
hydrous alumina (Ber. 36, 1990) causes the loss of one molecule of 
water and the formation of the corresponding olefine. Isomeric and 
polymeric forms are produced together with the expected olefine. 

When sulphuric acid acts on the alcohols, the alkyl hydrogen 
sulphates appear as intermediate products. WTien heated, these 
break down into sulphuric acid and the olefines. In many cases, 
however, the loss of water seems to be due to a true catalytic action 
of the acid (Ann. 385, 227). 

The secondary and tertiary alcohols decompose particularly readily. The 
higher alcohols, not volatile without decomposition, undergo the above change 
when heat is applied to them ; thus cetene, CieHgg, is formed on distilling cetyl 
alcohol, CieHg 40 . 

The higher olefines may be obtained from the corresponding alcohols by dis- 
tilling the esters they form with the fatty acids. The products are an olefine 
and an acid (Ber. 16 , 3018) : 

Ci5HgiCOA2H25 = CjgHgiCOgH -f 
Dodecyl palmitate. Palmitic Dodecylenc. 

acid. 

Also, xanthogenic esters decompose at relatively low temperatures into olefines, 
carbon oxysulphide and mercaptans (Ber. 32 , 3332 : 46 , 244). 

(3) Halogen addition products of the olefines react with metals 
to form free olefines. 

(4) By heating alkylammonium phosphates (Ber. 34, 300). 

(5) The electrolysis of the potassium salts of saturated dicarboxylic 
acids yields olefines, e,g. glutaric acid yields propylene (C. 1904, II. 823). 

(6) By the action of zinc alkyls on the halogen derivatives of the 
olefines, e.g. zinc ethyl and bromoethylene yield butylene : 

2 CH 2 : CHBr + CHg : CH CgHg. 

(7) Higher olefines have also been obtained by the reaction of 
Wurtz (p. 96). 

(8) The formation of higher olefines by the linking of lower mem- 
bers with tertiary alcohols or alkyl iodides, is noteworthy. Thus, 
from tertiary butyl alcohol and ^5obutylene, by means of zinc chloride 
or sulphuric acid, di^’sobutylene is obtained (Ann. 189 , 65 : Ber. 27 , 
R. 626) : 

(CH3)8C-0H + CHg : C(CH 3 )g = (CHg) 3 C-CH : + H^O. 

The action of the ZnClg is due to the intermediate formation of addition 
products, e.g. trimethylethylone and zinc chloride unite to the crystalline com- 
pound (CH 3 ) 2 C = CHCH 3 , 2 ZnCl 2 . Water converts this into dimethylethyl 
carbinol, whilst hydrogen chloride produces the chloride of the latter. This 
chloride and trimethylethylene then unite to form a saturated chloride, which, 
on distillation, splits off hydrochloric acid and yields diamylene (Bor. 25, R. 865). 

Tetramethylethylene (Ber. 16 , 398) is produced by heating / 3 -isoamylene 
(see p. 107) with methyl iodide and lead oxide : 

(CH 3 ) 2 C : CH-CH 3 + CHgl = : €(^ 3)2 + HI. 

In the dry distillation of many complicated carbon compounds the olefines are 
produced together with the normal paraffins, hence their presence in illuminating 
gas and in tar oils (see Ethylene). 

Properties and Reactions of the Olefines. — So far as physical prop- 
erties are concerned, the olefines resemble the saturated hydro- 
carbons ; the lower members are gases, the intermediate mobile 
liquids, whilst the higher (from CieHgg upwards) are solids. Generally, 
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their boiling points are a few degrees higher than those of the corre- 
sponding paraffins. 

In chemical properties, on the other hand, they differ greatly from 
the paraffins. Being unsaturated, they can unite directly with two 
univalent atoms or groups, whereby the double bond becomes single. 

(1) They combine with nascent hydrogen, forming paraffins with 
an equal number of carbon atoms. 

(2) They combine wdth the halogen acids, especially easily with 
hydrogen iodide. 

The halogen acids attach themselves in such a manner to the mono- and di- 
alkylethylenes that the halogen imites with the carbon atom combined with 
fewest hydrogen atoms (Ber. 39, 2138). As such alkylethylenes can be prepared 
from the proper primary alcohols by the splitting-off of water, these reactions 
can be employed to convert primary into secondary alcohols, and also tertiary 
alcohols (p. 134). 

The olefines are also capable of combining with the fatty acids (Ber. 25, 
R. 463), but only when exposed to high temperatures (290-300°), e.g. : 

CgHiiCH^CHg + CH3CO2H = C6 HiiCH(OCOCH3)CH3. 

Amylethylene. sec.-Heptyl acetate. 


(3) Concentrated sulphuric acid absorbs them, forming ethereal 
salts. This is a reaction which can be used to convert olefines into 
alcohols, and also to separate them from paraffins, which are much 
more resistant to the action of sulphuric acid (C. 1899, I. 967). 

(4) They form dihalides (see Ethylene) with Clg, Brg, I 2 , ClI. These 
can be viewed as the haloid esters of the dihydric alcohols — the glycols, 
into which they can be converted. 

(5) They yield chlorhydrins with aqueous hypochlorous acid. 
These are the basic esters of the glycols (see Ethylene), in which the 
hydroxyl is attached to the carbon atom with the fewest hydrogen 
atoms (C. 1901, II. 1249). 

(6) They are oxidized by potassium permanganate in dilute solu- 
tion to glycols. Benzoyl peroxide or benzoyl hydroperoxide in neutral 
solution produce ethylene oxides, which with water give glycols (Ber. 
42, 4811 : C. 1911, I. 1279: 11. 268). 

Ozone adds at the double bond to form ozonides, which are de- 
composed by water into two molecules of aldehydes or ketones. 
Staudinger has recently put forward the view that the ozonides 
should be represented by the formula (1) rather than (2). This 
compound should then break down as illustrated to give the keto- 
compounds, whereas the older formulation (2) should yield a glycol 
derivative (Ber. 58, 1088). 

(1) R3C-CR2 (2) RgC CR2 

II II 

0 - 0=0 0 - 0-0 


/ 

/ 

I 

1+ II 

O 0 = 0 


\ 


o 

/\ 


R„C CRj 
“ I I 
0-0 


(3^ 

[If one R = H, (3) 
yields a 
carboxylic 
acid 


ifoOzonide. 

I 

R,C + CB,. 


O 


RCOOH] 
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(7) With NgOg and N 2 O 4 the olefines unite to form pseudonitro- 
sites R-CH(N 02 )*CH(N 0 )-R and dinitro compounds 

RCH(N02)CH(N02)R 

respectively (Wieland, Ann. 424, 71) : nitrosyl chloride also forms 
addition compounds. (Ber. 12, 169: 27, 455: R. 467: C. 1901, 
II. 1201.) 

( 8 ) Polymerization of Olefines, — ^When acted on by a number of 
reagents, such as dilute sulphuric acid (Ber. 29, 1550), zinc chloride 
(C. 1897, I. 360), boron fluoride, the higher olefines undergo poly- 
merization, even at the ordinary temperature. Thus isobutylene, 
C 4 H 8 , yields diisobutylene, CgHic, and isoamylene, C 5 H 10 , yields di- 
and triisoamylenes. Butylene and propylene similarly form polymers. 
These compounds, like the simple olefines from which they are derived, 
are unsaturated compounds. Under ordinary conditions ethylene 
itself does not polymerize, but when it is heated under pressure in 
the presence of aluminium chloride, it pol 5 mierizes, yielding not only 
olefines, but also paraffins and c^cZoparaffins. The higher olefines 
also yield cycZoparaffins in the presence of aluminium chloride (Ber. 
42, 4610 : 43, 388 : 44, 2978 : 46, 1748). 

(9) Lsomerization of Olefines. — ^In presence of certain contact sub- 
stances, some olefines undergo at high temperatures a change in 
constitution, either by shift of the double bond, or by the wandering 
of an alkyl group, e.g. 80 per cent, of the compound McgCHUH : CH 2 
is changed to MegC : CH-CHg over alumina at 530*^ (Ber. 36, 2003 : 
D.R.P. 263017 : C. 1913, II. 729 : see also Bull. Soc. chim. Belg., 
1920, 29, 192). 

Below are given the boiling points of some homologues of ethylene. 


B.P. 


Propylene ..... 

CH3CH=CH2 

— 

48 ° 

a-Butylene ( E thy le thy lone) 

CH3CH2CH-CII2 

— 

5 ° 

) 3 -Butylene (Dimethyle thy lone) 

CH3CH = CHCH3 

+ 

1 ° ids) 


+ 

2 * 5 ° {tram) 

i^oButylene (a« -Dimethyle thy lone) . 

(CH3)2C = CH2 

— 

6 ° 

a-Amylene (Propylethylene) . 

CH3CH2CH2CH = CH2 

+ 

39 ° 

Amylene (j^^/m-Methylethylethylene) 

CH3CH2CH=CHCH3 

+ 

36 ° 

y-Amylene (a^-Methylethylethylone) 

CH3-CH2CMe = CH2 

+ 

31 ° 

cc-isoAxnylene (woPropyle thy lone) 

(CH 3 ) 2 CHCH=CH 2 


21 ° 

^-woAmylene (Trimethylethylone) . 

(CH3)2C = CHCH3 

+ 

36 ° 

Tetramethylethylene 

(CH 3 ) 2 C = C(CH 3)2 

+ 

73 ° 

-Butyle thy lene .... 

CMe3CH = CH2 

+ 

41 ° 


Many higher members of this series are known. /3-i6oAmylene, 
which is the principal constituent of the mixture of olefines obtained 
by dehydration of the amyl alcohol of fermentation, is of importance 
because of its use in the preparation of so-called amylene hydrate or 
tertiary amyl alcohol. 

Tetramethylethylene is formed from pinacolyl alcohol, 

CMeaCHOH-CHa 

by loss of water. In this reaction a migration of a methyl group 
takes place, in the opposite direction to that involved in the pinacone- 
pinacolin change (q.v.). For a discussion of the mechanism of this 
change, see C. 1908, I. 113. 
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HYDROCARBONS, 

Two groups of hydrocarbons having this empirical formula exist : 
The acetylenes or alkines with triple linking, and 
The diolefines with two double linkages. 

The difference in structure is clearly shown in their different 
chemical behaviour. The acetylenes (with group =CH) alone have 
the power of entering into combinations in which the hydrogen of 
the group =CH is replaced by metals. The names adopted for the 
acetylenes by the Geneva Congress are formed by substituting the 
ending “ ine ” for the ending yl of alcohol radicals with like carbon 
content, hence the designation alkines. 

2. ACETYLENES OR ALKINES, 

The position of acetylene, the first member of this series, among 
the aliphatic h 5 "drocarbons is very prominent, on account of its tech- 
nical importance, and its direct formation from carbon and hydrogen. 

Acetylene [Ethine] CH=CH was first observed by Edmund Davy, 
Berthelot introduced the name acetylene and studied the hydrocarbon 
carefully. 

(1) Berthelot effected the synthesis of acetylene by passing the elec- 
tric arc between carbon points in an atmosphere of hydrogen (p. 83) : 

2C + Hj, == CH=CH. 

(2) It results from the decomposition of the carbides of the alkaline 
earths by water : 

C\ CH /OH 

111 >Ca + 2HaO = 111 + Ca/ 

C/ CH \OH 

The addition of formaldehyde solution retards the evolution of acetylene from 
calcium carbide (C. 1900, II. 1150). The gas is always contaminated by phos- 
phine, which can be removed by the action of bromine water, or better by means 
of a feebly a^id solution of copper sulphate and of chromic acid in sulphuric 
acid (C. 1900, I, 789 : Ber. 32, 1879). On a large scale bleaching powder or 
bleaching powder and lead chromate (to avoid the evolution of free chlorine) 
are recommended as purifiers (C. 1900, I. 230 : II. 229). 

(3) It may be prepared from methane by converting it into chloro- 
form, from which chlorine is removed by means of red-hot copper or 
heated metallic sodium (Fittig). Bromoform, CHBrg, and iodoform, 
CHI 3 , are very readily changed by silver or zinc dust into acetylene : 

CH 

2CH4 ► 2CHCI3 111 . 

CH 

(4) Formerly acetylene was always made from ethylene bromide 
by the action of alcoholic potassium hydroxide (Ann. 191, 268). At 
first the ethylene bromide loses a molecule of hydrogen bromide and 
becomes monobromoethylene or vinyl bromide, which in turn loses a 
molecule of hydrogen bromide with the production of acetylene : 


CHjOH 

CHo 

Ur, CHgBr 

CHBr 

1 

►!! - 

1 + KOH 

= 11 + KBr + H,0 

CH, 

CH, 

CH,Br 

^CH, 



CHBr 

CH 



li + KOH 

= 111 -l-lKBr -f H,0. 



CH, 

CH 



ACETYLENES 


109 


(5) Acetylene is also obtained when quaternary piperazonium salts, 
which are obtained by the polymerization of dimethylchloroethyl- 
amine are boiled with alkali {Knorr, Ber. 37, 3507). 


CHjjCHg 


/ 

Cl 


\ 

NMeg 


NMeg Cl 

\ / 

CH2CH2 


CH 2 CH 2 

> ClNMe™ ^Me^Cl 

\ / 

CH2CH2 


> 2C2H2 + 2 NHMe, 
+ 2 HC 1 


( 6 ) Acetylene is also produced by electrolysis of the alkali salts 
of the stereoisomeric maleic andfumaric acids {Kekule, Ann. 131, 85). 
CH CO2 K HO H CH 

IM i + : ^ III + 2CO2 + 2 KOH + H2. 

CHCOgK HOH CH 


(7) Acetylene is evolved by the action of sodium hydroxide solu- 
tion on propargyl aldehyde : 

CH = C CHO + HONa CH-CH + H COONa. 


( 8 ) Potassium acetylene-monocarboxylate and silver acetylene- 
dicarboxylate are decomposed on warming with water with the for- 
mation of acetylene and silver acetylide respectively. 

AgOaC-C^C-CO^Ag AgC- CAg -f 2CO2. 

(9) Acetylene is also formed when the vapours of many carbon 
compounds such as alcohol, ether, methane, ethylene, etc., are passed 
through tubes heated to redness. Hence it is present in small amount 
in illuminating gas, to which it imparts a peculiar odour. 

Properties . — Pure acetylene is a gas of agreeable ethereal odour. 
It liquefies at + 1 ° under a pressure of 48 atm. The liquid solidifies 
when rapidly vaporized, and then sublimes at —82'^. Its critical 
temperature is + 35*5° and critical pressure 61-5 atm. It is strongly 
endothermic, and under certain conditions decomposes with great 
heat and sudden increase in volume. It should not be compressed 
in cylinders on account of the danger of explosion, but may be dis- 
solved safely in acetone, in which it is readily soluble. It is sUghtly 
soluble in water, more readily in alcohol, ether, acetal and ethyl 
acetate. It burns with a smoky flame, and forms an exceedingly 
explosive mixture with air over a range of composition 2-5 to 65 per 
cent, and with oxygen over a range 2 to 98 per cent. 

It is largely used for cutting and welding metals, and more recently 
has been used as a general anaesthetic under the name narcylene. 

Reactions . — Nascent hydrogen converts acetylene into C 2 H 4 and 
C 2 H 6 . Ordinary hydrogen (2 vols.) and acetylene (1 vol.), passed 
over platinum black, form C 2 H 0 (Ber. 7, 352). Finely divided Ni, Co, 
Fe, and Cu behave similarly (C. 1899, I. 1270 ; 1900, II. 528), 
producing at the same time high molecular cork-like condensation 
products (Ber. 32, 2381). Acetylene combines with HCl and HI, 
forming CH 3 CHCI 2 and CH 8 CHI 2 . 

Acetylene reacts with chlorine gas in the sunHght with a slight 
explosion. It forms a crystalline compound with SbCls, which is 
changed by heat into dichlorethylene, CHCl : CHCl, and SbCls- 
With bromine it forms CgHaBrj and C 2 H 2 Br 4 (Ann. 221, 138). 

In contact with HgBrs and other mercury salts acetylene unites 
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with water to 3 deld aldehyde, which is also produced when acetylene 
alone is heated with water to 325°, or when it is passed into dilute 
sulphuric acid in presence of HgO (C. 1898, II. 1007). Fuming sul- 
phuric acid absorbs acetylene, forming acetaldehyde di-sulphonic acid 
and methionic acid (q.v,). With HCIO and HBrO acetylene forms 
dichlor- and dibromacetaldehyde (C. 1900, II. 29). Acetylene unites 
with an aqueous solution of mercuric nitrate to form a substance — 

N03H^ ^ y H 

which can also be obtained from acetaldehyde ; similarly, trichloro- 
mercuriacetaldehyde (ClHg) 3 C*CHO is produced with mercuric chloride 
solution (Ber. 37, 4417). In the case of mercuric nitrite or chlorate, 
however, the similar compounds which are formed, are explosive 
(Ber. 38, 1999). In diffused daylight, contact with potassium hydrox- 
ide solution and air, acetylene changes into acetic acid. Oxidation 
with nitric acid leads to the formation of nitroform CH(N 02 ) 3 , and 
other bodies (J.C.S. 117, 283). Acetylene unites with diazomethane, 
forming pyrazole. With ozone, if sufficiently dilute, glyoxal is formed 
(Chem. Ztg. 44, 157). For other reactions, see also diagram, p. 113. 

Acetylene polymerizes at a red heat, three molecules uniting to 
form one molecule of benzene, CcHe- This is one of the most striking 
transitions from the aliphatic to the aromatic series and, at the same 
time, constitutes a s;yTithesis of the parent hydrocarbon of aromatic 
substances (Berthelot). By the use of activated charcoal, the yield 
of condensation product can be raised to 70 per cent. (Zelinsky, 
Ber. 57, 264), 

This conversion will take place at the ordinary temperature if acetylene be 
passed over pyrophoric iron, nickel, cobalt, or platinum sponge (Ber. 29, R. 540 ; 
see also above). 

Metallic Derivatives of Acetylene , — The two hydrogen atoms of 
acetylene can be replaced by metals. The alkali and alkali earth 
acetyhdes are stable even when heated, but are decomposed by water 
with the liberation of acetylene. Copper and silver acetylides when 
dry are exceedingly explosive, but are stable in the presence of water. 
Acids evolve pure acetylene from them. 

Calcium Acetylide or Calcium Carbide, CgCa, is formed when 
calcium oxide is reduced by carbon at a red heat (Wohler, 1862), 
and when a mixture of calcium oxide and sugar carbon is heated 
in electric furnaces to 3500° (Moissan, Ber. 27, R. 238 : C. 1899, 
II. 1093). It is a homogeneous mass, colourless in its purest form 
but usually obtained of a grey tint, and shows a crystalline fracture. 
If fragments of calcium carbide are dropped into a tall glass cyhnder 
filled with saturated chlorine water, the liberated acetylene wiU 
combine with the chlorine with the production of flame. Gas-bubbles, 
giving out light, rise in the liquid and when they reach the surface 
bum there with a smoky flame. German production in 1923, 570,000 
tons. 

Sodium Acetylides, CH^CNa and CNa^CNa, are produced when sodium 
ig heated in acetylene gas (C. 1897, 1. 966 : 1899, 1. 174 : 1904, II. 1204). 
Sodium acetylide is also formed when acetylene is passed into a solution of 
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sodium in liquid ammonia, ethylene being simultaneously formed (Compt. 
rend. 127 , 911 : 157 , 137). Lithium Carbide, CgLi^, is obtained from lithium 
carbonate and carbon (Ber. 29 , R. 210). Caesium Carbides, CaHCs an4 CjCsg, 
and Rubiddum Carbides, C2HRb and CjRbg, are produced when acetylene is 
led into solutions of csBsium-ammonium and rubidium -ammonium in ammonia 
(C. 1903, II. 106). 

Silver Acetylide, CgAgg, a white precipitate, and Copper Acetylide, 
CjCug (Ber. 25 , 1097 : 26 , R. 608 : 27 , R. 466), a red precipitate, are formed 
when acetylene is conducted into ammoniacal silver or cuprous chloride solutions. 
The dry salts explode violently when they are heated ; the silver salt even does 
this when gently rubbed with a glass rod. In a solution of silver nitrate 
acetylene precipitates the compound HC^CAg-AgNOs (Ber. 28 , 2108). Gold 
Acetylide, C2AU2, a yellow precipitate, is obtained from acetylene and a solution 
of ammoniacal gold-sodium thiosulphate (C. 1900, I. 765). Pure acetylene is 
set free by acids from these metallic compounds. The copper salt serves for 
the detection of acetylene in a mixture of gases. Mercury Acetylide, C2Hg, is 
thrown out as a white precipitate from alkaline solutions of mercuric oxide. 
It explodes violently when heated rapidly. 

Magnesium derivative. — By passing acetylene into an ethereal solution of 
magnesium ethyl bromide, acetylene dimagnesium di bromide, BrMgC : CMgBr, 
is produced, with evolution of ethane. This is decomposed by water with 
formation of acetylene, and can be used like other organomagnesium compounds 
(see p. 219) for the synthesis of substances with an acetylenic linkage (Bull. 
Soc. Chirn. [3J, 28 , 922 : 30 , 208: Gazzetta, 38 , 1. 625). 

Acetylene Homologues 

The acetylene homologues are isomeric with the corresponding 
diolefines. Thus allylene (methylacetylene) CH : C-CHj is isomeric 
with allene, CHg : C : CHg, and crotonylene (dimethylacetylene), 
CH 3 C : C-CHa, with butadiene, CH 2 : CH CH : CH 2 . 

The homologues, like acetylene itself, are mostly prepared from 
the monohalogen substitution products, and the dihalogen addition 
products of the olefines by removal of halogen acid, by means 
of alcoholic potassium hydroxide, e.g. from ^-chloropropylene, 
CH 2 : CCl-CHa, allylene is obtained. A large number of olefines have 
been prepared by this method (Ber. 33, 3586). The acetylenes are 
also prepared by the removal of two molecules of halogen acid from 
the aldehyde or ketone chlorides, R-CCla’R, e.gr. heptyhdene chloride, 
CH 3 LCH 2 ] 5 CHCl 2 , yields heptine, CH 3 [CH 2 ] 4 C i CH (J.A.C.S. 50, 
1744). 

A more recent method for the preparation of homologous acetylenes 
is the action of calcium carbide on methyl alcohol vapour at tem- 
peratures greater than lOO'^. 

CaC2 + 2CH3OH = Ca(OH)2 -f C^Hg. 

(Z. angew. Chem. 34, 403 : J. pr. Chem. 37, 382.) 

When strongly heated with alkalis the acetylene formed frequently imder - 
goes an isomeric change; thus, ethylacetylene, CjHg’C^CH, yields dimethyl - 
acetylene, CHg-CsC-CHg, and propylacetylene, C8H7-C=CH, furnishes ethyl- 
methylacetylene, CgHg-C sC CHg, etc. (Ber. 20 , R. 781). More symmetrical 
compounds are formed from less symmetrical. 

The reverse transposition sometimes occurs on heating with metedlic sodium ; 
ethylmethyl acetylene passes into propyl acetylene, and dimethyl allene, 
(CH8)2C = C = CH2, yields i«opropylaoetylene, etc. 

Acetylenes are also formed in the electrolysis of unsaturated dibasic ^ids : 
thus, allylene is formed in the electrolysis of the alkali salts of mesaconic and 
citraconic acids. 

A number of acetylenes have also been prepared by the action of alkyl 
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iodides on sodium acet-ylide dissolved in liquid ammonia (Picon, Compt. rend. 
158 » 1184, 1346 : 168 , 894 ; 169 , 32). 

Acetylene and its homologues combine with hydrogen, forming first olefines, 
wliich on further reduction yield paraffins. They combine also with halogens 
and halogen acids, yielding substitution products of the olefines : these are 
capable of further addition of halogen or halogen acid, yielding di- tri- and 
tetra-halogen substitution products of the paraffins. 

Hypochlorous and hypobromous acids yield dichloro- and dibromo-ketones, 
e,g, allylene with h3rpobromous acid gives a^?-dibromoacetone, CHgCOCHBra 
(C. 1900, II. 29). Vinylsulphuric acid, CHg : CH SO4H, is formed almost quanti- 
tatively when cold anhydrous sulphuric acid is saturated with acetylene below 
C in presence of a catalyst such as HgS04 (Brit, Pat, 156121). Some of the 
higher acetylenes are polymerized into synnmetrical benzene derivatives by 
concentrated sulphiu-ic acid. Thus allylene yields rnesitylene ( triine thy 1 benzene) 

3CH : C CH3 ^ CcH 3(CH3)3 

and crotonydene similarly yields hexamethylbenzene. 

The monoalkyl acetylenes, like the parent substance, readily form solid 
crystalline silver and copper derivatives by their action on ammoniacal solutions 
of silver and cuprous salts. They are regenerated from these by warm hydro- 
chloric acid, and the formation of these compounds affords a convenient method 
for obtaining the pure €Uietylenea from a mixture of gases. The monoalkyl 
acetylenes also react with magnesium ethyl bromide similarly to acetylene, 
wdth evolution of ethane and formation of R-C • C*MgBr. 

In the presence of various salts of mercury, the acetylenes unite with water, 
yielding ketonic compounds. Thus, acetylene yields acetaldehyde, CH3CHO, 
allylene yields acetone, CHj-CO'CHa. Very often, moderately diluted sulphuric 
acid brings about the same reaction. Methyl-n-propylacetylene yields two 
isomeric ketones when treated with about 80 per cent, sulphuric acid (Ber. 39, 
2147). ^Vhen heated with water at 325® the alkylacetylenos yield ketones 
(Ber. 27 , R. 750: 28 , R. 173). 

The sodium acetylides react wdth acid chlorides, trioxymethylene, and 
carbon dioxide to form respectively acetylenic ketones, R-C • C-CO-R', acetylenic 
alcohols, R-C • C-CHgOH, and acetylenecarboxylic aciils, R-C • C-COOH. Higher 
alkylacetylenes, see Bor. 25, 2245 : 33, 3586. 

The boiling points of some of the acetylenes are as follows : 


Allylene, Methylacetylene [Propine] 

. CHaCsCH 

B.P. 

Gas 

Crotonylene, Dimethylacetylene [J^-Butine] 

. CHgC^CCHa 

27" 

Ethylacetylene [J“-Butine] 

. CgHfiC^CH 

18® 

Methylethylacetyleno [J^-Pentino] . 

. CaHfiC^CCHa 

55® 

n-Propylacetylene [J“-Pentinel 

/7-C3H7C-CH 

48® 

woPropylacetylene [}' -Methyl- J®-butine] . 

. (CH3)2CH-C^CH 

28® 

Methyl-a-prcpyiacetylene [J^-Hexine] 

a-CgH^CsC-CH, 

84® 


REFERENCES TO TABLE ON PAGE 113. 

(1) Dilute sulphuric acid in presence of mercuric sulphate (Ber. 14 , 1540 
and various patents). (2) Aluminium alcoholate (C. 1918, II. 693 : 1924, 1. 1504). 
(3) Alkalis (C. 1914, I. 716). (4) Distillation under atmospheric pressure. (5) 

Catalytic hydrogenation with nickel (C. 1912, I. 20). (6) as (5). (7) Catalytic 

oxidation in presence of metallic oxides (C. 1914, II. 324 : 1920, II. 187). (8) 

Polymerization by heat. (9) Morling’s isopreiie synthesis : see Z. angew. Chom. 
34 , 403. (10) Action of acetylene on acetic acid in presence of mercuric salts 

(C. 1914, I. 1316). (11) Chlorine and acetylene in presence of SbClj (D.R.P. 

157, 657). (12) Heating with alkali (C. 1906, II. 571). (13) Action of alkali 

to form diclilorovinyl ether (p. 158) hydrolysis with water (C. 1909, I. 1784 : 
1920, m. 408). (14) See Vol. III. (15) Heating with alkali. (16) Chlorination 

of trichloroethylene, or directly from acetylene. (17) Heating with alkali. 
( 18 ) Chlorination of perchloroethylene. (19) Chem. Ztg. 35 , 1053. 



Acetaldehyde / \ Tetrachloroethane 

, CH3 CHO V / \ CHCI3 CHCI3 
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n-Butyl alcohol Isoprene “ Methyl Indigo 

CH, CH, CH, CH,OH rubber ” 

PRODUCTS OBTAINABLE FROM ACETYLENE 
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3. DIOLEFINES. CnHa^-a 

The diolefines are distinguished from the isomeric acetylenes by 
their inability to form copper and silver derivatives. Some of them, 
however, form precipitates with aqueous mercuric chloride solutions, 
which are identical with the compounds formed from the corresponding 
acetylenes. 

According to the relative position of the double bonds in the mole- 
cule, the diolefines can be divided into the following classes. 

I. Hydrocarbons with two double bonds joined to the same 
carbon atom — the aliens hydrocarbons. 

II. Hydrocarbons with double bonds attached to adjacent 
carbon atoms — i,e. “ conjugated ” double bonds — the butadiene 
hydrocarbons. 

III. Hydrocarbons with separated double bonds. 


I. Allene Hydrocarbons 

The allene h^^drocarbons can be prepared from the corresponding 
allyl alcohol by the following general method. The alcohol (I) is 
treated with phosphorus tribromide to give the bromide (II) (with 
a simultaneous shift in the position of the double bond). This com- 
pound adds on bromine to form the tribromo- compound (III), from 
which hydrobromic acid is removed by fusion with potassium hy- 
droxide, the remaining bromine atoms being removed from the product 
(IV) by zinc dust and boiling alcohol (BouiSi Ann. Chim. 1928 [x], 
9, 402). 

R CH(OH) CH : CHj R CH : CH CH^Br y R CHBr CHBr CHjBr 

(1) (IT) (HI) 


KOTT 

R CHBr CBr : CH^ R CH : C : CH* 

(TV) (V) 


Allene {ProjKiditne)^ CHj : C : CH 2 . at — 32® and melts at — 146°. 

It is formed by removal of bromine irom dibromopropylene, CHj ; CBr-CHjBr, 
by means of zinc dust, by electrolysis of potassium itaconate, or by heating 
bromomothacrj lic acid. In contradistinction to allylene, CHgC ; CH, it is 
not absorbed by ammoniacal silver solution, but with mercuric chloride it yields 
a white mercury salt, which, when decomposed with hydrochloric acid, gives 
acetone (Ann. 342, 18.')), 

The allene hydrocarbons polymerize very readily, forming products whose 
constitution is not at present clear (Lebedew, C. 1914, I. 1402, 1813). 

The boiling point of some homologous allenes is given below. Others are 
referred to in the paper o' Bouis (see above). 


Methylallene 

(J“^-but€uiiene) 

Ethylallene 

( J -pen tadiene ) 
sym - Dime thy lallene 
o^-Dimethylalleno 
Trimethylallene 
Tetramethylallene 


B.P. 

CHjCHiCrCHj 18° 

C.HfiCH : C : CH, 44° 
CHaCH : C : CH CH3 51° 
(CH,),C : C : CHa 41° 
(CH3)aC : C ; CHCHa 72° 
(CH3)2C : C : C(CH3)a 86° 


Ber. 22, R. 202 


C. 1914, I. 1409 
J. pr. Chem. [2], 53, 149 
C. 1914, I. 1409 
C. 1914, I. 1813 
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II. Hydrocarbons with Conjugated 
Double Bonds 

Among these hydrocarbons, isoprene CHg : CMe-CH : CHg is of 
particular importance, because of its relationship to the terpenes on 
the one hand, and the fact that it can be converted into a product 
very closely related to natural rubber on the other (c/. Harries, Unter- 
suchungen iiber die natiirlichen und kiinstlichen Kautschukarten, 
Berlin, 1919). 

General Methods of Formation. 

(1) The butadienes are obtained by splitting off two molecules 
of halogen acid from the appropriate dihalogen paraffins by heating 
with alcoholic potash, pyridine or quinoline, or by passing their vapours 
over soda-lime or other contact substance (D.R.P. 255519, 264008: 
C. 1913, I. 476 : II. 1178). 

(2) They are formed from the alkylenediamines, by heating the 
phosphates, or by “ exhaustive methylation ” and distillation of the 
quaternary ammonium hydroxides. The formation of butadiene and 
isoprene from pyrrolidine and S-methylpyrrolidine are essentially 
similar methods. 

> HONMe 3 [CH 2]4 NMe 30 H 

CH 2 : CH CH : CH^ + 2 H 2 O + 2NMes 

(3) From the paraffin glycols or the unsaturated alcohols by 
removal of water by means of zinc chloride, potassium hydrogen 
sulphate or oxalic acid, or by distilling them over heated alumina 
(J.A.C.S. 1914, 36, 980). 

(CH 3 ) 2 C(OH) C(OH)(CHs )2 >-CH 2 = C(CH 3 )-C(CH 8 ) : CH* + 2 H 2 O 

(4) By passing a mixture of an alcohol and an aldehyde over 
heated alumina (C. 1916, I. 831). 

CHg-CHO + (CH8)3CH0H CHgCHOHCHa-CHOHCHg 

CH 3 ; CH CH : CH CH, (Piperylene) 

(5) By exhaustive methylation of the hydroxy and halogen alkyl- 
amines, and subsequent decomposition of the quaternary ammonium 
hydroxide. 

(6) By the thermal decomposition of some tetrahydrobenzene 
derivatives. 

CH— CH 2 — CHg CH=CH 3 CH* 

II I ^ I + II 

CH— CHj— CH 3 CH = CH 3 CH, 

(7) By heating together equimolecular quantities of ethylenic and 
acetylenic hydrocarbons (E.P. 156116 : C. 1921, II. 655). 

Properties. — With the exception of the first member, which is 
a gas, the butadienes are colourless, mobile liquids. They have 
a high optical dispersion (see p. 67). They combine with two or 
four equivalents of hydrogen, bromine, etc., the addition taking 
place chiefly in the oc^-position, butadiene for example giving 
CHjBr CH : CH-CHjBr (Ann. 308, 333). Their most important 
property is their great tendency to polymerize (C. 1914, I. 1402) ; 
according to the conditions substances similar to rubber or hydro- 
aromatic compounds are produced. A compound apparently identical 
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with natural rubber and a monoterpene, dipentene, which occurs 
widely in various essential oils can be obtained from isoprene 
(Harries, loc. cit.). 

Diels and Alder and their collaborators have recently shown that 
compounds containing a conjugated system of double bonds unite 
quantitatively with compounds containing the CH : CH-CO group 
with the formation of cj^clic compounds. The addition takes place 
wholly in the ad-position. Examples of the type of compound formed 
are those from isoprene and maleic anhydride (I), from butadiene 
and acraldehvde (II), and from butadiene and ^^-benzoquinone (III) 
(Ann. 1928, 460 , 98 : 1929, 470 , 62 : Ber. 1929, 62 , 554, 2081 : 
cf, Ammal Reports, 1930, 88). 


CHj 


CMe CH— CO 


II I >0 

CH CH— CO 



CHj 

/\ 

CH CHj 

II I 

CH CH— CHO 


CHg 

(II) 


CHjj CO 



2 

(III) 


J - Butadiene {Erythreney DivinyU J pyrrol yleme), CH 2 : CH-CH : CHg, 
b.p. — 5^. It is obtained by exhaustive methylation of the cyclic base pyrroli- 
dine (Vol. II) (Ber. 14, 569 : Ann. 308, 333). It is also obtained by passing a 
mixture of ethylene and acetylene through red-hot tubes and occurs in com- 
pressed illuminating gas. It is also formed by passing ethyl ether or mono- 
chloroethyl ether over heated almnina (C. 1914, I. 2155). Now methods for the 
preparation of butadiene are given by Ostromysslenski (C. 1916, I. 780). 

Butadiene is the starting material for the synthesis of erythritol and can be 
re-formed from the latter by heating it with formic acid. 

The ietrabromide occurs in two stereoisomeric forms, m.pp. 39° and 119°. 

For further details about the polymerization of butadiene, see C. 1912, I. 1440. 

Piperylene (A^y-PenUjdmie)^ CH 3 CH : CH CH : CH 2 , b.p. 42° (Ann. 395, 
243), is formed from piperidine in the same way as butadiene from pyrrolidine 
(Ber. 14, 665, 710 : Ann. 319, 226). This reaction might be expected to yield 
the still unknown hydrocarbon zl®’^-pentadicne, CH 2 : CH CHg-CH : CH 2 . 

Isoprene {fj-MethyJbuUidicne)y CH 2 : C(CH gl-CH : CH 2 , b.p. .33-75° 
0-6867 (Ber. 47, 1999), is formed not only the general reactions desiiribed 
above, but occurs among the products of distillation of rubber, and is formed 
by the thermal decomposition of pinene and dipentene (Ber. 44, 2212 ; Ann. 
383, 228 : C. 1914, 11, 325) and from the degradation of 3-methylpyrrolidine 
(C. 1898, I. 247 ; 1897, II. 739). Isoprene is also formed by isomeric change 
of the hydrocarbons a^(-dimethylallcne C(CH 3)2 : C : CHg and wopropylacetylene 
by passing their vapours over heated alumina (D.R.P. 251216, 268101, 268102 : 
C. 1912, II. 1244 : 1914, I. 308, 754). It is manufactured on the large scale 
from p-cresol (Elberfelder Farbwerke : see Vol. II) or from acetylene and acetone 
according to the following reactions (Merling) (Z. angew. Chem. 34, 403) : 


CH, 

I 

CH,=C-f HC :CH 
I 

ONa 


CH3 CH3 

I I 

> CH 3 — C— C i CH CH 3 — C— CH : CH, 

I I 

OH OH 

>CH,=C(CH,) CH ; CH, -f H,0. 


Isoprene changes into rubber or rubber-like compounds when heated under 
pressure, treated with sodium and carbon dioxide, or treated with peroxides or 
ozoiiides (c/. Z. angew. Chem. 27, 153). A part of the isoprene is polymerized 
under these conditions to dipentene. Isoprene combines with two molecules of 
hydrogen bromide to give ay-dibromo-y-methylbutane, (CH,),CBr*CH,*CH,Br 
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(C. 1897, I. 457) and with bromine to yield a di- and a tetrabromide (C. 1900, 
I. 859). Thermal decomposition of isoprene (see Ber. 46, 2466). 

/3y-Dimethylbutadiene, CHa : CMe CMe : CHj, b.p. 71°, is most readily 
obtained by the removal of water from pinacone (Ann. 383, 182). 

Other hydrocarbons with conjugated double bonds. A number of these have 
been obtained by the action of alkyl magnesium halides on a/S-unsaturated 
aldehydes and ketones, followed by removal of water from the unsaturated 
alcohol obtained (Ber. 37, 3578: 41, 2703: 43, 1574, 2330: 45, 625). 

III. other Hydrocarbons with two Double Bonds 

Dlallyl (A^-Hexadienf), CH^ : CH-CHj CHjCH ; CHj, b.p. 59% is obtained 
from allyl iodide or bromide by moans of sodium or magnesium (Ann. Chim. 
Phys. [8] 27, 137). Its diozonide can be broken down to give sucoindialdehyde 
(Ann. 343, 360). 

j3^Dimethyl-J“"-heptadiene, Me^C : CH CH 2 CH 2 CMe : CH 2 , b.p. 141°, 
is obtained from mothylheptenone by the action of magnesium methyl iodide 
and subsequent removal of water : its diozonide yields lovulaldehyde (Aim. 
343, 362). 

/3e-Dimethyl-J®^-hexadiene, CH 2 : CMe CH 2 CH 2 CMe : CH 2 , b.p. 137°, is 
obtained, together with an isomeric hydrocarbon by removal of hydrogen 
bromide from /Sc-dibromo-jSf-dimethylhexane : its diozonide gives formaldehyde 
and acetylacetono (Ann. 343, 365). 


4. HYDROCARBONS, CnH2n-4 

I . Olefineacetylenes 

Vinylacetylene, CH • C-(>H : CHj, b.p. 2*5°, is obtained by the distillation 
in vacuo of the quaternary ammonium hydroxide from tetrarnethyldiamino- 
butene. The latter is obtained from at^-dibromo-J^-butene and dimethylamine. 

HONMeg CHaCH : CH CH2 NMe30H ►CH i C CH : CHg + 2 H 2 O + 2XMe3 

It yields copper and silver salts (Ber. 46, 535). 


II. Triolefines 

jocy' -Hexatriene, CHo : CH CH : CH CH : CHg. b.p. 77-5-79°, is obtained 
by heating divinylethylene glycol diformate. Cis and trans forms have been 
obtained by the reduction of y8-dibromo- and a^-dibromohexadienes (J.C.S. 90, 
722 : 1927, 2937). 

j*V‘-Heptatriene, m.p. — 14-5°, is obtained by removing water from the 
alcohol resulting from the interaction of crotonaldehvde, allvl iodide and zinc 
(Chem. Weekblad, 1913, 10, 187). 

/3^-Dlmethyl-S-methylene-J^*-heptadiene, Me 2 C:CHC(:CH 2 )CH:CMe 2 , 
b.p. 55-57°/! 4 mm., is obtained from phorone and methylmagnosium iodide 
(Ber. 37, 3578). 


5. HYDROCARBONS, CnH2n-6 

I. Diacetylenes 

Diacetylene, CH • C-C J CH, is obtained from diacctylenedicarboxylic acid, 
or more conveniently by oxidizing copper acetyleide with cupric chloride. It 
is a gas, m.p. — 36°, b.p. 9-5°/749 mm. which, like acetylene, forms a silver 
derivative. 

Dlpropargyl, CH • C CHg CHj-C : CH, m.p. — 8°, b.p. 85°, is formed on 
warming solid crystalline diallyl tetrabromide, CeHn,Br 4 , with aqueous potassium 
hydroxide. It is a v'ery mobile liquid, of penetrating odour. It forms copper 
and silver derivatives. If dipropargyl be allow’ed to stand, it becomes resinous. 

Dimethyldi-acetylene, CHgC^CC^^^CCHs, m.p. 64°, b.p. 130°, has 
been obtained from the copper derivative of allylone (Ber. 20, R. 564), 
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II . Diolefineacetylenes 

A nuiiilw of (liolefiiieacetylenes have been obtained by the removal of water 
from acetylenic glycols (D.R.P. 241424, C. 1912, I. 173). 

6. STILL MORE UNSATURATED HYDROCARBONS 

Two highly imsaturated hydrocarbons, squalene and lycopene, are of con- 
siderable biological importance. 

Squalene, CjoHso. This is obtained from the unsaponifiable fraction of 
fish -liver oils, and has the probable formula : 

(CMe^ : [CH CH^CH^CMeja : CH CHa)., 

(J.C.S. 1929 , 873 : Helv. Chim. Acta. 1930, 13 , 1084). 

Lycopene, CjoHgg, occurs in tomatoes. It has most probably the consti- 
tution : 

(CMe, : CH [CH*]2 CMe ; CH [CH : CH CMe : CHJa CH 1)2 
(Helv. Cliim. Acta. 1930, 13 , 1084). An isomer of lycopene, but one which 
contains two carbon rings, is carotene, found in carrots, and in the leaves of 
many other plants : it is also the colouring matter of butter. Carotene is not 
identical with Vitamin A but is able to replace it in a diet. (See also p. 752.) 

II. HALOGEN DERIVATIVES OF THE HYDROCARBONS 

The halogen substitution products result from the replacement of 
hydrogen in the hydrocarbons by the halogens. The number N of 
substitution products derived from the normal saturated hydrocarbons, 
containing an even number of n carbon atoms, can be calculated by 
the formula : 

n~2 

* N = 8 X 3"-2 + 2x3“^ 

and when n is odd : 

M-l 

* N = 8 X 3«-2 4- 2 X 3"2 . 

in which the unsubstituted hydrocarbon itself is counted. 

If n — 2, then N 10 ; if = 3, then N = 30 ; if ?? = 4, then N — 78 ; 

7? = 5 X = 234 71 = V) X = 606 71 — 1 N = 1998. 

Thus nine chlorine substitution products can be derived from 
ethane. 

General methods of preparation of the Halogen Derivatives 

(1) Formation by the direct substitution of the saturated hydrocar- 
bons. It was emphasized in the case of methane (p. 93) and ethane 
that these hydrocarbons, usually so very stable, were attacked by 
chlorine. A molecule of hydrogen chloride is produced for every 
hydrogen atom replaced by chlorine, until the entire hydrogen content 
is substituted. Methane, CH 4 , yields finally tetra- or perchloromethane, 
CCI4, whilst ethane gives hexa- or perchloroethane, CgCle. 

The action of free chlorine on the paraffins is accelerated by simlight, as is 
the case when it acts on free hydrogen ; by the so-called chlorine carriers, such 
as iodine, which exerts its influence by the formation and decomposition of ICI3 ; 
by the similar behaviour of SbClg which decomposes by heat into SbClg and Clg ; 
and by AICI3 (C. 1900, II. 720), etc. In very energetic chlorination the carbon 

♦ For these formulae, the author’s thanks are due to Herr Geheimrath A. von 
Baeyer of Munich. 
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chain is ruptured (Ber. 8 , 1296 : 10 , 801). To avoid more extreme decomposi- 
tion, it is desirable to carry out the chlorination under diminished pressure 
(C. 1913, II. 1631, 2013). 

The final products are CCI4 and hexa- or perchlorobenzene, CeCl^, with per- 
chloroethane, C^Cle, and perchloromesole, €4014, as intermediate products (Ber. 
24, 1011). 

The substituting action of bromine may be accelerated by heat, sunlight, or 
AlBrg (C. 1900, II. 720). 

Iron is an excellent carrier of chlorine, bromine and iodine. Its action seems 
to be due to the formation and decomposition of ferric halides (Ann. 225, 196 : 
231, 158). When it is used as a bromine carrier, every normal hydrocarbon 
passes into that bromide which contains as many bromine atoms as it has carbon 
atoms (Ber. 26, 2436) ; a bromine atom attaches itself to each carbon atom. 

Usually iodine does not substitute directly, inasmuch as the final iodo products 
undergo reduction through the hydriodic acid formed simultaneously with them : 

C 3 H 7 I + HI = CgHa + I 2 . 

In the presence of substances capable of imiting or decomposing HI (such 
as HIOj and HgO), iodine frequently effects substitution : 

5C3H8 + 2I2 + HlOg = 6C3H7I + 3H2O 
2 C 3 H 3 -f 2 I 2 + HgO = 2 C 3 H 7 I + H 2 O + Hgl^. 

In direct substitution a mixture of mono- and poly-substitution products 
generally results, and these are separated by fractional distillation or crystalliza- 
tion. The attack of chlorine on a long paraffin chain, e.g. n -hexane, is directed 
against the CHg groups before the CH 3 (Ber. 39, 2138). 

(2) Mono- and polychloroparaflfins can be converted into mono- 
and polybromoparaffins by means of AlBrg (C. 1901, I. 878). Among 
the bromoparaffins the bromine can be replaced partially by fluorine 
by means of SbPg (C. 1899, II. 281 : 1901, II. 804). Boiling with an 
alcoholic solution of an alkali iodide causes a partial replacement of 
the halogens in the chloro- or bromo-paraffins (Ber. 39, 1951). 

(3) The unsaturated aliphatic hydrocarbons, the olefines (p. 101), 
and acetylenes (p. 108), unite with hydrochloric, hydrobromic, and, 
especially easily, hydriodic acid. The halogen acids can be used in 
a glacial acetic acid (Ber. 11, 1221), or concentrated aqueous solution. 

(4) The free halogens are still more easily absorbed than their 
acids. 

Two further reactions, already indicated above, bring about 
halogen substitution products from aliphatic bodies containing oxygen : 

(5) Substitution of the hydroxyl group in alcohols by fluorine, 
chlorine, bromine, and iodine by means of their halogen acids, or 
their compounds with phosphorus. 

(6) Action of phosphorus pentachloride, phosphorus chloro- 
bromide, and phosphorus pentabromide, on aldehydes and ketones. 

These last methods of formation will be more thoroughly discussed 
under the individual groups of halogen substitution products. 

Reactions of the Halogen Derivatives 

The reactions which take place among the halogen-paraffin com- 
pounds have been referred to under mode of formation (2). The 
iodine derivatives are the most unstable. In the light they rapidly 
acquire a red colour, with the separation of iodine. The chlorides 
and bromides, rich in hydrogen, burn with a green-edged flame (p. 10). 

(1) Nascent hydrogen (zinc and hydrochloric acid or glacial acetic 
acid, sodium amalgam and water) can reconvert all the halogen 
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derivatives, by successive removal of the halogen atoms, into the 
corresponding hydrocarbons : 

CHCl, + 3H, = CH 4 + 3HC1. 

(2) Alcoholic sodium and potassium hydroxides cause the separa- 
tion of halogen acid, and the production of unsaturated compounds 

(p. 102) : 

CHa-CHj CHaBr + KOH = CHs CH : CH^ + KBr -f HaO. 

Propyl bromide. Propylene. 

In this reaction the halogen carries away with it the hydrogen of the least 
hydrogenated adjacent carbon atom (comp. p. 106). Such a decomposition 
sometimes occurs on application of heat, £ind is favoured by the presence of 
anhydrous metallic chlorides (C. 1905, II. 750). 

Many other reactions of the haloid compounds will be discussed 
later. 

A. HALOGEN PARAFFINS 
1. Monohalogen Paraffins. Alkyl Halides 

The alkyl halides can be regarded as derived from the halogen 
hydrides by replacement of hydrogen by an alkyl group : 

HCl HBr 

C,H5C1 CHa-Br 

Ethyl chloride Methyl bromide 

(Chlorocthane). (Bromomethane) 

On account of their close relationship to the monohydric alcohols, 
which are the alkyl hydroxides, they are discussed later as “ Haloid 
Esters of the alcohols.” 


2. Dihalogen Paraffins, 

(a) Dihalogen paraffins, where two halogen atoms are attached to 
two different carbon atoms, may be viewed similarly as the haloid 
esters of dihydric paraffin alcohols or glycols. They can be derived 
from these and will be considered together with them : 


CH2CI 

I 

CH,C1 

Ethylec*' cliioride. 


CH2OH 

I 

CHjOH 
Ethylene glycol. 


CH 


CHaBr 

CHgBr 


Trimethylene 

bromide. 


/CH2OH 

ch/ 

XCHjOH 

Trimethylene 

glycol. 


(6) Dihalogen paraffins, the two halogen atoms of which are 
attached to the same carbon atom, can be obtained from the aldehydes 
and ketones by means of phosphorus halides. They will, therefore, 
be discussed after the aldehydes and the ketones : 


CHa, CHO 

I I 

CH, CH, 

Ethylidene chloride. Acetaldehyde. 


CCL 


\CH, 


^CH, 
3-Dichloropropane. 


yCH, 

co< 

\CH, 


Acetone. 


It should be remarked here that the unsymmetric ethane dihalides 
— e,g. CHa'CHClj, ethylidene chloride — have lower boiling points and 
lower specific gravities than the corresponding symmetric isomers 
— e.g, ethylene chloride, CHjCl-CHzCl. 
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3. Polyhalogen Paraffins 

The polyhalogen paraffins, containing but one halogen' atom to 
each carbon atom, will be discussed after the corresponding poly- 
hydric paraffin alcohols. 

The simplest and most important representatives of the paraffin 
trihalides, in which three halogen atoms are attached to the same 
carbon atom, are the trihalogenmethanes : 

CHFg CHCI3 CHBrg CHI3 

Fluoroform. ('hloroform. Bromoform. Iodoform. 

They are so intimately related to formic acid and its derivatives 
that they will be considered after this acid. 

The most important tetrahalogen derivatives are the carbon 
tetrahalides. They bear the same relation to carbonic acid that the 
methane trihalides do to formic acid. They will, therefore, be treated 
after carbonic acid : 

CF4 CCI4 CBr4 CI4 

(Jarbon (Jarbon (’arbon Carbon 

totrafluoridf. tetrachloride. tetrabromide. tetraiodide. 

These compounds are also called methane perhalides, to indicate 
that the hydrogen in them is completely replaced by halogens. 

Polyhalogen Ethanes . — The following table contains the boiling 
points of the known polychloro- and polybromo-ethanes : 


Name. 

Formula. 

M.P. 

B.P. 

Formula. 

M.P. 

B.P. 

aaj3-Trichloroethano . 
Ethonyl Trichloride) . 
aaa-Trichloroethane . 
Methyl Chloroform 

CHjCI 

CHCl, 

CCI3 

CH3 

— 

114" 

74-5 ' 

CHBr^ 

CH,Br 


187-188° 

^?i/w-Tetrachloroethano . 

a^-Tetrachloroetliano 

CHCI3 
CHClj 
CCI3 
CHjCl j 

— 

147' 

129' 

CHBrj 

CHBPj 

CBr3 

CHjBr 


102° 

(12 mm.) 
105° 

(13-5 mm.) 

Pentachloroethane 

CCI3 j 

CHClj 

— 

159° 

CBr, 

CHBrj 

54° 

decomposes 

Hex€ichloroethane 

Porchloroethano . 

CCI3 

CCI3 

187'^ 

sublimes 

CBr3 

eBr3 

— 

i decomposes 

1 at 200-210° 
without 

J melting. 


For the relations existing between the boiling points and specific volumes of 
the halogen substitution products of the ethanes, see Ber. 15 , 2559. As to the 
refractive power of the brominated ethanes, see Z. physik. Chom. 2 , 236. 


The polychloro- and polybromo-ethanes have few genetic relation- 
ships with the oxygen compounds corresponding with them. The 
methods of formation and the reactions of the polysubstituted ethanes 
are most intimately related to the methods of formation and the 
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reactions of the halogen substitution products of the ethylenes and 
acetylenes, which are described in the following pages. 

It may be merely mentioned here that by the action of chlorine on ethyl 
chloride and ethylidene chloride in sunlight methyl chloroform or a-trichloroethane, 
CHjCClj,, is produced, together with aaj9-trichloroethane, CHjCl CHCla (J. pr. 
Chem. [2], 80, 305). The further action of chlorine on the trichloroethanes 
produces CHjCl-CClj, CHClj CCl*, and porchloroethane, CCI3 CCI3. CHClj-CHCl* 
is formed from acetylene dichloride and chlorine, as well as from dichloroalde- 
hyde by means of phosphorus pentachloride (Ber. 15 , 2563). Only methyl 
chloroform, CH 3 *CCl 3 , related to acetic acid in the same way as chloroform is to 
formic acid, will be further described, together with the chlorides of the fatty 
acids. 

Acetylene tetrachloride, aym.- Tetrachloroethane, CHCI2 CHCI2, is pre- 
pared by the direct union of acetylene and chlorine (p. 113). The gases combine 
quietly when thej’ are led separately into boiling water, or when sulphur chloride 
is alternately saturated with chlorine and acetylene in presence of iron powder 
(C. 1905, I. 1585: 1906, II. 746). 

The addition of chlorine to acetylene is conveniently carried out by treating 
the addition product of ewetylene with antimony pentachloride alternately with 
chlorine and acetylene (C. 1904, II. 1177 : 1908, I. 1504). ^-Tetrachloroethane 
is also formed by the action of phosphorus pentachloride on dichloro acetaldehyde, 
CHCl,-CHO. It is used technically as a solvent, and for the preparation of 
other polychloro- derivatives of ethane and ethylene (Chem. Ztg. 35, 1053). 

Pen tachloroe thane, b.p. 159°, is obtained by the addition of chlorine to 
trichloroethylene. 

Perchloroethane, C 2 CI 6 , m.p. 187°, b.p. 185-5°/777 mrn., D = 2 01, results, 
together with perchlorobenzeno (Z. Electrochem. 8, 165), from the direct union 
of carbon and chlorine when an electric axe is struck in an atmosphere of chlorine. 
A good yield is obtained when carbon tetrachloride is warmed with amalgamated 
aluminium (Ber. 38, 3058). It forms a crystalline mass, with a camphor-like 
odour. It sublimes at the ordinary pressure, as its critical pressure lies below 
760 mm. When its vapours are conducted through a tube heated to redness 
it breaks down into CI 2 perchloroethylene. It yields the latter compound 
when it is treated with potassium sulphide. 

a-Tribromoethane, CHj'CBrg, has not yet been prepared. 

Acetylene Tetra bromide, CHBcg-CHBra, is obtained from acetylene and 
bromine. Zinc dust and alcohol convert it into acetylene dibromide (Ann. 221 , 
141), whilst benzene and AICI3 change it into anthracene {q.v. Vol. II.). 

Hexabromoe thane, CjBr*, is obtained by the addition of bromine to acety- 
lene tetrabromide in the presence of aluminium bromide (C. 1898, 1. 882). It is a 
colourless, crystalline compound, dissolving with difficulty in alcohol and ether. 
It breaks down at 200° into bromine and perbromoethylene, CrBr 4 . 

Propane derivatives. — A series of chloro -substituted propanes have been 
obtain^ by the condensation of polychloroethylenes with chloroform or carbon 
tetreu^hloride in the presence of aluminium chloride (J. pr. Chem. [2] 89, 414), e.g. : 

CCI 2 : CHCl + CHCI3 > CHClg-CHCl CClg. 

The most important of the polyhalogen propanes are the compounds derived 
from glycerol, of the general formula CHgX'CHX'CHjX, where X represents 
a halogen atom. They are discussed later, after glycerol. 

Mixed Halogen Substitution Products of the Paraffins . — There are numerous 
paraffins containing different halogens side by side in the same molecule. 

B. HALOGEN DERIVATIVES OF THE OLEFINES 

As a general rule, the halogen substitution products of the un- 
saturated hydrocarbons cannot be prepared by direct action of the 
halogens, since addition products are apt to result (p. 106). They are 

E reduced, however, by the moderated action of alcoholic potassium 
ydroxide (C. 1901, I. 816 : II. 804), or Ag,0, on the disubstituted 
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hydrocarbons CnH^nXa. This reaction occurs very readily if the 
addition products of the olefines are employed : 

C 2 H 4 CI 2 + KOH == CjHsCl + KCl + H 2 O. 

Ethylene Monochloro- 

chloride. ethylene. 

When the alcoholic potassium hydroxide acts very energetically, 
the hydrocarbons of the acetylene series are formed. 

When heated with zinc or iron turnings in presence of water, 
the polyhalogen ethanes are converted into halogen ethylenes (C. 
1909, II. 2103 : 1910, I. 700). 

CHCla-CHClg + Zn CHCl : CHCl -f- ZnClg 

Being unsaturated compounds they unite directly with the halogens , 
and also with the halogen acids : 

CH 2 CHgBr 

II + Br^ = 1 

CHBr CHBr^ 

These reactions indicate that ethylene is the parent substance for the prep- 
aration of nearly all the halogen -substituted ethanes and ethylenes, as well as 
for the preparation of acetylene. 

The following diagram represents how, by the addition of bromine and the 
loss of hydrogen bromide, the bromine substitution derivatives of the ethanes 
are connected with ethylene, with the ethylene bromine derivatives, and with 
acetylene (Ann. 221, 156) : 


CHo^CHa 


+ HBr 


CHa-CHoBr 


CHheCH^ 


-HBr 


CHBr = CHBr - 


-CH,=CHBr 

CH2=CBr2 



HBi 


CHoBrCHBr, 


CHBr. CHBr, cHBr=CBr, 


UBr 


CHoBrCBr, 


(?)CH^CBr-^ 




- HBr 

CBr2=CBr2 ^ - CHBr.yCBra 

->CBr ^ CBr( ?) ^ ^ 

CBr,.CBr,. 


Monohalogenethylenes, Vinyl (^hloride^ CH 2 =CHC 1 , and Vinyl Bromide^ 
CHj^^CHBr, are obtained from ethylene chloride and ethylene bromide by the 
action of alcoholic potassium hydroxide, which, by continued action on them, 
produces acetylene. The group CH 2 = CH— is called vinyl. Vinyl chloride 
can also bo obtained by heating ethylene dichloride or ethylidene dichloride 
(Ber. 35, 3524). More recently it has been obtained by the action of acetylene 
on concentrated hydrochloric acid in the presence of metallic salts (Brit, Pat. 
156120 : J.C.S. 122, 517). 

tf-Dihalogenethylenes. — The ^^-dihalogen ethylenes occur in two retuiily 
interconvertible stereoisomeric forms. The removal of halogen hydride takes 
place appreciably more rapidly under the action of alcoholic* potash frc^m the 
cifi- compounds than from the trans- isoinerides (Bull. Soc. Chim. Belg. 27 , 209 ; 
28, 234 : Compt. rend. 158, 1582 : Chem. Ztg. 37, 622). 

The dicMoro- and dibromo- compounds are obtained by the direct union of 
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the halogen and acetylene, when the latter is present in great excess (Ann. 178 , 
116 : C. 1913, II. 1178). They are more readily obtained from the tetrahalogen 
ethanes by removal of halogen by zinc or iron turnings. The diiodo -compound 
is obtained by passing acetylene over heated iodine (C. 1899, I. 966). The 
configuration of the iodo compounds has been established by converting them 
into the cyanides ; hydrolysis of those gives the dibasic maleic and fumaric 
acids, the liquid iodo compound yielding maleic acid {cis) and the solid, fumaric 
acid (trans) : 


C'wJ* form. 

/^-Dichloroethj'lene, CHCl : CHCl . b.p. 60-2” 
<?-Dibromoethylene CHBr : CHBr . b.p. 112^ 
,«-Diiodoethylene CHI : CHI . . b.p. 1 88"" 


Tram- form, 
m.p. 48*5^^ 
b.p. 108^ 

m.p. 73”: b.p. 191”. 


Chlorine combines with diiodoethylene and chloroiodoethylene to form the 
unstable iodochlorides, CHCl : CHlCl 2 ,‘m.p. 7.5°, and CHI : CHICI 2 dec. 37°, which 
like the aromatic iodochlorides can be converted into iodoso-, iodoxy- and 
iodonium compounds (Ann. 369, 131). 

a.<)-Dihalogenethylenes. oLOL-Dichloroethyloie, CH^ : CClg. b.p, 37°, and the 
OLOL-dibroyno- compound, b.p. 91°, are obtained from the aa/3-trihalogeiiethanos 
by removal of halogen acid. Like the monohalogenethylenes they show a great 
tendency to polymerization (Ber. 12 , 2076 : C. 1912, I. 1980). The dibromo- 
compound undergoes autoxidation to form bromoacetyl bromide, probably with 
intermediate ethylene oxide formation, according to the scheme : 


CHa CH^n. CH^Br 

II ►! >0 ^1 

CBrg CBr^/ COBr 

aa-Chlorobromoethylene similarly yields a mixture of chloroacetyl bromide and 
bromoacetyl chloride. 

Trichloroethylene. — CHCl : CCI 2 , b.p. 88°, is obtained from .9-tetrachloro- 
ethane by heating with milk of lime (C. 1906, II. 571). By autoxidation it 
yields dichloroacetyl chloride, but a simultaneous decomposition to phosgene 
(COCI 2 ), carbon monoxide and hydrogen chloride takes place (J. pr. Chem. [2] 
85 , 78). Treatment with sodium ethoxide gives the very reactive dichloro- 
vinyl ethyl ether {q.v. See also C. 1910, 1. 308). The trihronio- compound, b.p. 
164°, also autoxidizes to dibromoacetyl bromide. 

Tetrachloroethylene (Ferchlormtht/lene), CCI 2 : CClg. b.p. 121°, is obtained 
from p)entachloroethane by removal of hydrogen chloride. Like di- and tri- 
chloroethylenes, it is usefl as a solvent for fats, resins, etc. Treatment with 
ozonized air gives a mixture of phosgene and trichloroacetyl chloride (Ber. 27 , 
R. ,509 : C. 1899, I. 588). Tetrabromoethylene melts at 57 . (For boiling-point 
relationships between broinoethylenes and bronioethanes, see Ann. 221 , 156.) 
Trtraiodo€thyl(n(\ ni.p. 187°, is obtained together with the diiodo compound by 
the action of iodine and water on calcium carbide (Bor. 26 , R. 289 : 30 , 1200 : 
38 , 237). 

Flyf'roi^tUylf’ncs . — See Bull. Acad. roy. Belg. 1901 , 383. 

Halogen Derivatives of Propylene. — There are three iKomers of the 
monohalogen pro})ylenes. 

(1) a.-fJerivativ(»y CHg-CH : CHX, which are obtained from the propylidone 
halides, CH 2 -CH 2 CHX 2 , by heating with alcoholic; potassium hydroxicle. The 
propylidene derivatives are obtained fre^m propaldehyde and phosphorus penta- 
hahdes. 

(2) ^-deritxitive»y CHg'CX : CH,^, are obtained similarly from the dihalogen 
derivatives, CHg-CXa CHg, of acetone. 

(3) y -derivatives j CH 2 X'CH : CHj. — These are the allyl halides derived from 
allyl alcohol, and are described later among the alkyl halides. 


C. HALOGEN DERIVATIVES OF ACETYLENES 

Chloroacetylene, CCl • CH, was first obtained from dichloroacrylic a(;id, 
CCI 2 : CH CO 2 H and barium hydroxide (Ann. 203, 88 : Ber. 23, 3783). It is 
also obtained from ^-dichloroethylene by warming with alcoholic potash. It is 
a poisonous gas which is spontaneously inflammable and explosive in air. With 
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ainmoniacal silver and copper solutions it yieUls very explosive firecipitates. 
Alkaline mercuric cyanide solution yields the compound Hg(C ; CCllj, which is 
also obtained from «-dichloroethylene and mercuric cyanide. This «ompound 
is decomposed on warming with potassium cyankle to form pure chloroacetylene. 
By passing chloroacetylene into aqueous mercuric chloride solution, the com- 
pound (ClHg) 3 C-C 02 H, trichlorornercuriacetic acid, is formed as a white precipitate 
(Ber. 42 , 4232). 

Acetylene and other compounds containing hydrogen replaceable by metals 
are readily halogenated by halogens in presence of excess alkali, e.g. Dichloro- 
acetylene, b.p. 32-33°, is obtained by the action of acetylene on an alkaline 
potassium h 5 qiochlorito solution in an atmosphere of nitrogen (Ber. 1930, 63 , 
1868). 

Bromoacetylene is similar in its reactions to chloroacetylene. 

Dibromoacetylene, CBr i CBr, b.p. 77°, D 2 0 is obtained from tribromo- 
ethylene and alcoholic potash. It is spontaneously inflammable (C. 1903, II. 
531 : 1907, I. 231). 

Diiodoacetylene, m.p. 81° with decomposition, is obtained by the action 
of iodine on silver acetylide or calcium carbide, or of iodine and alkali hypoiodite 
on acetylene (Ber. 37 , 4415: C. 1911, II. 1814), or from barium iodopropiolate 
by heating with water (Ann. 308 , 326 : Ber. 34 , 2718). In the light or on heating 
it decomposes with formation on tetraiodoethylene and carbon (Ber. 37 , 3453). 

Nef regarded these very poisonous and labile compounds as derivatives of 
the hypothetical acetylidene, CHg : C, and likened them to hydrogen cyanide 
and the wonitriles (Ann. 298, 332 : cf. C. 1907, I. 231 : Ber. 46, 143). 

The halogenacetylenes polymerize much more readily than acetylene itself, 
and the products, in part, are benzene derivatives ; e.g. bromoacetylene gives 
tribromobenzene. 

3CH iCBr ^^CeHaBrs 

lodoallylene, CH 3 C • Cl, b.p. 110°, is obtained from silver aUylide and iodine 
solutions (Ann. 308 , 309). 

“ Perchloromesole,” C 4 CIg, ])robably : OCI CCI : CCI 2 (O. 1913, II. 99), 
is frequently obtained as an end product in “exhaustive chlorinations ” (Ber. 
10 , 804 : cj. Ber. 22 , 1269). 
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The oxygen-containing derivatives can be considered as derived 
from the hydrocarbons by the replacement of hydrogen atoms by 
hydroxyl groups (-OH groups). When one hydroxyl group is intro- 
duced, monohydric alcohols are produced : 

CHs-CHj CHs-CHaOH. 

More than one hydroxyl group may be introduced, each being attached 
to a different carbon atom. This leads to the formation of further 
series of alcohols, which are distinguished as monohydric, di-, tri-, 
and poly-hydric alcohols according to the number of hydroxyl groups 
they contain. The simplest alcohol of each series contains as many 
carbon atoms as it has hydroxyl groups. 

CHj-OH Methyl alcohol (the simplest monohydric alcohol) 

CHjjOH-CHgOH Ethylene glycol (the simplest dihydric alcohol) 

C HgOH-CHOH CHjOH Glycerol (the simplest trihydric alcohol) 


and similarly eryi^hritol, arabitol, mannitol containing respectively 
four, five and six hydroxyl groups and four, five and six carbon 
atoms, are the simplest representatives of the tetra-, penta and hexa- 
hydric alcohols. 

Further, more than one hydrogen atom attached to the same carbon 
atom may be replaced by — OH groups. In such cases, with very 
few exceptions, water is split off from the resulting compound, and 
the oxygen becomes linked to carbon by a double bond. 

The following possibilities havt? to be considered, (a) Two hydro- 
gen atoms of a terminal CH3 group are replaced, (b) two hydrogen 
atoms of an intermediate CHj group, and (c) three hydrogen atoms 
of a terminal CH3 group are replaced by an equal number of hydroxyl 
groups. In each case water is split off, and three new classes of 
oxygen containing compounds are produced. 


yOH 
(a) R C^OH 

\h 



+ H,0 
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(b) Compounds containing the group =C=0 in union with two 
carbon atoms are called Ketones. The group =CO is known as the 
keto- or ketone group. 

(c) Compounds containing the group — ^ are named Car- 
boxylic acids, and the group — CO OH is called carboxyl. The 
alcohols, aldehydes, and ketones are neutral substances. The car- 
boxylic acids are acids, and form salts in the same manner as the 
mineral acids. 

Aldehydes, ketones, and carboxylic acids as the oxidation products 
of alcohols, will be discussed after them. Unsaturated hydrocarbons 
similarly yield unsaturated alcohols, aldehydes, ketones, and car- 
boxylic acids. In the following sections the unsaturated derivatives 
wiU receive attention after the saturated compounds corresponding 
with them ; i.e. the unsaturated alcohols wall follow the saturated 
alcohols. 

Similarly, an almost endless series of oxidation products is derived 
from the di, tri-, and poly-hydric alcohols. These compounds contain 
the same oxygen- containing atomic groups, as the monohydric alcohols 
and their oxidation products, but possess several of them in the same 
molecule. 

Finally, when in methane, the four hydrogen atoms are replaced 
by hydroxyl groups, the loss of two molecules of water would be 
possible, and carbon dioxide, the anhydride of two acids incapable 
of free existence (orthocarbonic acid and ordinary metacar bonic acid) 
would be obtained. The carbonates are derived from the meta-acid. 


\h 

Methane. 


-OH 
OH 
-OH 
\OH 

Orthocarhuuic acid. 


C< 


/OH 

C^OH 

il 

O 

Metacarbonic acid. 



Carbon dioxide. 


The carbonates are salts of a dibasic acid. Therefore, carbonic 
acid, with its numerous derivatives, will be discussed before the di- 
carboxylic acids, the final oxidation products of the dihydric alcohols 
or glycols, whose simplest representative is oxalic acid. 


III. THE MONOHYDRIC ALCOHOLS AND 
THEIR OXIDATION PRODUCTS 

1. MONOHYDRIC ALCOHOLS 

The monohydric alcohols can be looked upon as derived from 
water by replacement of one hydrogen atom by a monovalent alkyl 
group. If both hydrogen atoms in water are so substituted, there 
result the ethers, which are at the same time alkyl oxides or alcoholic 
anhydrides. 

HOH CaHjOH CaHs-OCaHs 

Water. Ethyl Ethyl 

alcohol. ether. 

The monohydric alcohols contain one hydroxyl group, -OH ; bi- 
valent oxygen links the univalent alkyl radical to hydrogen, as in 



128 


ORGANIC CHEMISTRY 


CHg-O-H, methyl alcohol. This hydrogen atom is characterized by 
its ability to be exchanged for acid residues, forming compound 
ethers or esters, corresponding with the salts of mineral acids : 


CjHs-OH + NO^OH = CjHgONOj + H^O 

Ethyl ak'ohol. Ethyl nitrate. 


Alkyls and metals can also replace the hydrogen in the alcoholic 
hydroxyl group : 

CaHs-OCHs CgHgONa 

Methyl ethyl ether. Sodium cthoxide. 


Structure of the Monohydric Alcohols. — The possible isomeric 
alcohols may be readily derived ffom the hydrocarbons. There is one 
possible structure for the first two members of the normal alcohols : 


CH 3 OH C 2 H 5 OH 

Methyl alcohol. Ethyl alcohol. 

Two isomers can be obtained from propane, CgHg = CHa-CHj-CHg ; 


CH3CH2CH2OH 
Propyl alcohol. 


and CH 3 CH( 0 H)CH 3 
MO Propyl alcohol. 


Two isomeric alcohols may be 
butanes (p. 35) : 

CH 3 

CH 3 

1 

1 

CH 2 

1 

CH 2 

1 and 

1 

CH 2 

CHOH 

I 

CH 3 OH 

I 

CH, 

Normal butyl 
alcohol. 

Secondary l)utyl 
alcohol. 


obtained from each of the isomeric 


/CH3 /CH3 

Cn(-CH^‘On and C( 0 H)^CH 3 

\CH3 


/«oButyl k'r/. -Butyl 

alcohol. alcohol. 


An excellent method of formulating the alcohols was introduced 
by Kolbe in 1860 (Ami. 113, 307 : 132, 102). He regarded all 

alcohols as derivatives of methyl alcohol, for which he proposed the 
name carbinol, and compared the alcohols, formed by the replacement 
of hydrogen not in union with ox^^gcn by alcohol radicals, with the 
primary, secondary, and tertiary amines, resulting from the replace- 
ment of the hydrogen in ammonia by alcohol radicals. With this 
view a® a basis, Kolbe predicted the existence of secondary and 
tertiary alcohols. Their first representative was discovered shortly 
afterwards. By the replacement of one hydrogen atom in carbinol 
by an alkyl group the primary alcohols result : 

CH3CH2OH C^Hs-GHjOH 

Methyl carbinol, or Ethyl carbinol, or 

Ethyl alcohol. Propyl alcohol. 

If the replacing group possesses an unbranched carbon chain, the 
primary alcohols are said to be normal. In alcohols of this class the 
carbon atom carrying the hydroxyl group has two hydrogen atoms 
(they contain the group — CHg-OH). Hence compounds of this 
variety can easily pass into aldehydes (containing the CHO group) 
and acids (with COOH group) on oxidation (see p. 224) : 

R‘CH,OH yields RCHO and R-COOH 
Primary alcohol. Aldehyde. Acid. 
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The secondary alcohols result when two hydrogen atoms in carbinol, 
CHa-OH, are replaced by alkyl groups : 


CH3> 


:h(oH) 


Dltnethylcarhinol 
(i«o Propyl alcohol). 


CH 3 \ 


Methylethylcarbinol 
(woButyl alcohol). 


In alcohols of this class the carbon atom carrying the OH group 
has but one additional hydrogen atom ; they contain the group 
^CH-OH. They do not furnish corresponding aldehydes and acids, 
but, when oxidized, they pass into ketones : 


K 


>CHOH 


yields 



= 0 


Secondary alcohol. Ketone. 

When, finally, all three hydrogen atoms in carbinol are replaced by 
alkyls, there result the tertiary alcohols, containing the group ^C-OH. 

CH3V 

CH3— ^C-OH TrimethylcarbinoJ. 

CH3/ 

The tertiary alcohols decompose when oxidized. 

The “ Geneva names ” for the alcohols are derived from the names of the 
corresponding hydrocarbons, with the addition of the final syllable “ ol ” : 

CHg-OH - [Methanol] ; CH3 CH2 OH = [Ethanol]; 

CH3 CH2 CH.2 OH [ 1 -Propanol] ; CHa-CHOH CHa = [ 2 .PropanoI]. 


The parallelism between the formulae of the three classes of alcohols 
and the three classes of amines (q.v.), is very evident upon studying 
the following general formulae : 


RCH2OH 




CHOH 


R\ 

K^COH 


Primary alcohols. 
R'NHg 


Secondary alcohols. 

R^ 


R- 


>NH 


Tertiary alcohols. 

R\ 

R^N 

R/ 


Primary amine. Secondary amine. 


Tertiary amine. 


The behaviour of alcohols on oxidation is of great importance in 
ascertaining whether a certain alcohol is primary, secondary, or 
tertiary in character. What has already been stated may be sum- 
marized thus : 

A prmiary alcohol on oxidation yields an aldehyde, which passes 
into a carboxylic acid if the action be continued. This acid contains 
as many carbon atoms in its molecule as the parent alcohol. Oxidation 
changes a secondary alcohol into a ketone, having an equal number of 
carbon atoms in its molecule. A tertiary alcohol breaks down on 
oxidation into compounds having a lower carbon content. 

Formation of Alcohols. — Summary of Reactions . — They are 
obtained from bodies containing a like number of carbon atoms : 

(1) By the saponification of acid esters. 

(2) By the reduction of polyhydric alcohols. 

(3) By the action of nitrous acid on amines. 

(4) and (5) By the reduction of their oxidation products. 

From nucleus-syntheses (p. 131) : 

VOL. I. 


K 
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(6) and (7) By the action of magnesium alkyl halide or zinc alkyls, or 
zinc and alkyl iodides, on aldehydes, acid chlorides, ketones, formic 
esters , acetic esters, chlorinated ethers and ethylene oxide. 

(la) Frort} Haloid Estens or Alkyl Halides. — It was mentioned, in 
describing the reactions of the alkyl halides, that the latter afford 
a means of passing from the paraffins and olefines to the alcohols 
(p. 120). As alkali hydroxide causes the separation of a halogen 
acid from the alkyl halides, it is possible to exchange hydroxyl for 
the halogen, especially if this be iodine. This is most easily accom- 
plished by the action of freshly precipitated, moist silver oxide, or 
by heating with lead oxide and water : 

C,H J + AgOH = C,H,OH + Agl. 

Even water alone causes a partial transposition of the more roactiv'e tertiary 
alkyl iodides ; the other alkyl halides in general when heated for some time 
with 10—15 volumes of water to 100"’ are completely converted into alcohols 
(Aim. 186 , 390). 

Tertiary alkyl iodides heated to 100° with methyl alcohol pass into alcohols 
and methyl iodide (Ann. 220 , 158). 

(16) By the Saponification of their Esters. — It is often more practical 
first to convert the halogen derivatives into acetic acid esters, by 
heating with silver or potassium acetate : 

C^HfiBr -f CH3 COOK CHg-COOC.H, -1 KBr 
Potassuiin acrtute. Ethyl acetate. 

and then to boil these with potassium or sodium hydroxide, to obtain 
the alcohols : 

CHa-COOaHs h KOH = CaH^/OH h CH 3 COOK. 

The second reaction is called HaponlficatioHy because by means of it the soaps, 
i.e. the alkali salts of the fatty acids and glycerol (y.r.), arc obtained from the 
glycerol esU^rs of the fatty acids — the fats. More* generally this reaction is 
known as hydrolysis. 

(Ir) From Ethyl Sulphuric Acid by boiling water. 

C^H.O SOsH + HgO = C 2 H 5 OH I HySO^. 

Ethyl sulphuric arid. 

This reaction constitutes the transition from the olefines to the 
alcohols, as these esters may be easily obtained by directly combining 
the unsaturated hydrocarbons with sulphuric acid. 

Many olefines (like iso- and p^ci/do-butylone) dissolve at once in dilute nitric 
acid, absorb water, and yield alcohols (Ann. 180 , 245). 

(2) The reduction of polyhydric alcohols by hydriodic acid yields 
the iodides of secondary alcohols, which are converted by methods 
la and 16 into the alcohols themselves, e.g. : 

CHjOH CH 3 CHg 

I HI I AgOH I 

CHOH > CHI CHOH 

I I I 

CHgOH CHg CHa 

Glycerol. ?«oPropyl iodide. i«oPropyl alcohol. 

Or the chlorhydrins of the polyhydric alcohols may bo reduced, r.y. : 

CH. Heio CH.OH 

II ► I *■ I 

CH, CH,C1 CH, 

Ethyleue. EUiyJene 

chlorbydrln, 
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(3) Action of nitrous acid on the primary amines : 

CjHjNHj H- NO OH = CaH^ OH + Nj, + H,0. 

In the case of the higher alkylamines transpositions often occur, 
and instead of the primary alcohols, there result secondary alcohols 
(Ber. 16, 744). 

(4) Primary alcohols result from the reduction of (a) aldehydes^ 
(6) acid chlorides y and (c) acid anhydrides ; also, by reduction of 
{d) acid esters by means of sodium and alcohol ; acid amides yield 
primary amines as well as primary alcohols by this reaction (C. 1904, 
I. 577 : II. 1697). 


(а) CgHjCHO + 2H = CH 3 CH 2 CH 2 OH (Wurtz, Ann. 123, 140). 

Propyl aldehyde. 

(б) CH,-COCl -f 4H = CHa-CHa-OH + HCl. 

Acetyl chloride. 

Ch’-CO^® + 4H = CjHj OH + CH.COOH (Linnemann, Ann. 148, 249) 

Acetic anhydride. 

Aldehydes are first formed in the reduction of acid chlorides and anhydrides ; 
they in turn are reduced to alcohols. As reducing agents, dilute sulphuric acid 
or acetic acid, together with sodium amalgam, sodium, iron filings, and zinc 
dust may be employed (Ber. 9, 1312 : 16, 1715). 

The last of these reactions is that by which an alcohol can be converted into 
another containing an atom more of carbon. The alcohol is changed through 
the iodide to the cyanide, and the latter to the acid, which, by reduction of its 
chloride or its aldehyde, yields the new alcohol : 


CHjOH ►CHjI > CHgCN y CHaCOOH > CH3COCI 


CHaCHaOH^ 

(d) CHa-COOCaHn 


-h 4Na + 2CaH,iOH = CH, CH,'OXa f 


Arayl aci'tati'. 

{BuuveaiUt and BlanCy Bull. Soc. Chim. [3j, 31, 072.) 

“ Sodium-ammonium ” can be used in this reaction in place of sodium (Ann. 
chim. [9], 8 , 145). The reaction can be made almost quantitative by reducing 
an ethereal solution of the ester, in presence of a solution of sodium acetate as 
a separate lower layer at — 5^, sodium being added and the ethereal layer being 
kept just acid by addition of 80 per cent, acetic ewjid (/Vi/w, Kec. trav. chim. 
1923, 42, 1050). 


(5) The reduction of ketones yields secondary alcohols (Friedely 
Ann. 124, 324), together with pinacones (q.v.)y the di-tertiary dihydric 
alcohols or glycols : 


CH, 

I 

CO -h 2H 
I 

CH, 

Acetone. 


CHa 

I 

CHOH ; 

CHa 

tKoPropyl alcohol. 


CH, 

I 

2CO + 2H = 

I 

CH, 


CH, CH, 

1 I 

I— C COH 

I I 

CH, CH, 
Piuaconc. 


Biochemical reduction of ketones to optically active alcohols, see Ber. 52, 
2237. 


N uclear -synthetic Methods of Formation 

(6) By means of zinc alkyls from (a) acid chlorides, (b) ketones, 
(c) aldehydes and (d) esters. 
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(ба) Ftmi Acid Chlorides. — A very remarkable synthetic method, 
proposed by Butlerow (1864), which led to the discovery of the tertiary 
alcohols, consists in the action of the zinc compounds of the alkyls on 
the chlorides of the acid radicals (Z. Chem., 1864, 385 : 1865, 614). 

The reaction proceeds in three stages. At first one molecule of zinc 
alkyl reacts, and forms an addition compound with the acid chloride, as a 
res^t of the breaking down of the double bond between the carbon and 
oxygen ; 

xO .CH3 

I. CHjCf + ZnCCHs), = CHjC^OZnCH*. 

\C1 \C1 

Acetyl chloride. 

By decomposing the reaction-product with water, acetone is formed. 
However, should a second molecule of the zinc alkyl act upon the new 
compound, further reaction will take plewje on longer standing : 

/CH3 ^C1 

II. CHj-C^OZnCHa + Zn(CH,)j = CH,C^OZnCH, + Zn<^„ 

\C1 NCHj 

If water be now permitted to'react, a tertiary alcohol will be formed : 

/CH3 /CH3 

III. CH.-C^O Zn-CHj + 2H2O = CHj-C^OH -f Zn(OH)2 + CH^. 

\CHa \CH3 

If, in the second stage, the zinc compound of another radical bo employed, 
the latter may be introduced, and in this manner we obtain tertiary alcohols 
containing two or three different alkyl groups (Ann. 175 , 374, and 188 , 110, 
122 : C. 1910, II. 1201). 

It is remarkable that only zinc methyl and zinc ethyl furnish tertiary 
alcohols, whilst zinc propyl produces only those of the secondary type with 
evolution of propylene (Ber. 16 , 2284 : 24 , R. 667). 

(бб) The ketones in general do not react with the zinc alkyls. On the other 
hand, there are ketones which do not contain a CH3 group united to a CO group, 
such as diethyl ketone (C,H3)2CO, dipropyl ketone (C3H7)8CO, and ethyl propyl 
ketone CgHj-CO-CjHy, which are converted by zinc and methyl or ethyl iodide 
into zinc alkyl compounds ; these, under the influence of water, pass into tertiary 
alcohols (Ber. 19 , 60 : 21 , R. 55). T''^nsaturated tertiary alcohols are obtained 
from ail the ketones by the action of zinc and allyl iodide (Ann. 196 , 113). 

(6r) When zinc alkyls act upon aldehydes, only one alkyl group 
enters the molecule, and the reaction-product of the first stage yields 
a secondary alcohol when treated with water (Ann. 213, 369 ; and 
Ber. 14 , 2557) : 

CH, CHO ». 

Aldehyde. Methylethylcurbliiol. 

All aldehydes (even those with unsaturated alkyls, and also furfural) react in 
this way — but only with zinc methyl and zinc ethyl, whilst with the higher zinc 
alkyls the aldehydes undergo reduction to their corresponding alcohols (Ber. 17 , 
R. 318). With zinc methyl, chloral, CClj-CHO, yields trichlorowopropyl alcohol, 
CCl,-CH(OH)-CH, ; whereas with zinc ethyl it is reduced to trichloroethyl alcohol 
(Ann. 223 , 162). 

(6d) Just as tertiary alcohols are obtained from the acid chlorides, 
so secondary alcohols are derived from the esters of formic acid. Zinc 
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alkyls (or, better, alkyl iodides and zinc), are allowed to react in this 
case, and two alkyls are introduced : 

xO yOZriCHa /OZnCHa /OH 

HCf ^ 

\OC,H, \OC2H5 ^CHa 

Ethyl forinato. Dimethyl carbinol. 

By using some other zinc alkyl in the second stage of the reaction, or by wf)rking 
with a mixture of two alkyl iodides and zinc, two different alkyl groups may 
also bo introduced here (Ann. 175 , 362, 374). 

Zinc and allyl iodide (not ethyl iodide, however) react similarly with acetic 
acid esters. Two alkyl groups are introduced and unsaturated tertiary alcohols 
formed (Ann. 185 , 175). 

Chlorinated others, c. 7 . ClCHo-OCH,, and zinc alkyls yield ethers of primary 
alcohols (Ber. 24 , R. 858) : 

2CI CH2 OCH3 + Zn(C2H5)2 - 2C2H5 CH2 OCH3 + ZnClj. 


(7) Alkyl magnesium halides react similarly to the zinc alkyls 
with aldehydes and ketones. They are soluble in ether, are more 
convenient to deal with and are generally more valuable. The alkyl 
magnesium halides unite with aldehydes and ketones by breaking 
the double oxygen bond, and subsequently yield the alcohol on the 
addition of acidified water to the addition compound. Polymerized 
formaldehyde (trioxymethylene) gives rise to a primary alcohol, the 
other aldehydes to secondary and the ketones to tertiary alcohols 
(Grignard) : 

UM^Br 

H CHO > R CH./O MgBr R CH,OH 

The reaction with trioxymethylene is most conveniently carried 
out by leading the vapours from boiling, dried trioxymethylene into 
the well-stirred Grignard reagent (Ziegler, Ber. 54, 737). 


(H.CU.MpI 

CH3CH0 ► CH3CH 

\cH„CH 3 


CH,CH,Mgl 

(ch3)3co (ch3)3c<:;^ 


O— Mgl 
CH2CH3 


y'OH 

CH3CH 

\CH3CH; 
/OH 

-> (ch3)3c<:^^ 


CH3CH3 


By similar reactions formic acid esters yield secondary alcohols, 
whilst alkyl carboxylic acid esters and carboxylic acid chlorides and 
anhydrides give rise to tertiary alcohols : 


CH.CH.Mpl CH.CHjMgl 

> HC— OMgl > HC— OMgl 

'\CHaCH3 '\CH3CH, 

> HCOH 

CH.CHjMgl CH,CH,MgI 

CH 3 COOC 3 H 3 CH 3 C— OMgl CH 3 C— OMgl 


-> CH3COH 


.CH3CH3 
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By the use of the higher alkyl magnesium compounds, secondary alcohols 
are formed as well as the tertiary, a reduction process taking place (Compt. 
rend. 141 , 298: 146 , 343). In many reactions the tertiary alcohols which 

are first formed, lose water and yield unsaturated hydrocarbons, which 
may even constitute the main product of the reaction (C. 1901, I. 725 ; 
II. 622 : 1902, I. 414). Reduction may also occur as a side reaction (Ann. 
437 , 256). 

Primary alcohols are also obtained by warming the eiddition -products of 
ethylene oxide with the alkyl magnesium halides (C. 1903, II. 105 : 1907, 1. 1102) : 

yBr CH,— OMgBr CH,— OH 

I >0 -f Mg< ► I ► I 

CHa/ CHa— CaHj CH*— CjHs 

Tertiary alcohols are also formed by the action of alkyl magnesium compounds 
on chloroforinic esters (Ber. 36 , 3087 : C, 1911, I. 1500). 

(8) The action of sodium or barium alcoholates on alcohols of the 
same name — especially among those of high molecular weight — pleads 
to the formation of monohydric alcohols possessing two or three times 
the carbon content in the molecule (Ber. 34 , 3246 : C. 1902, I. 743). 
For instance : isoamyl alcohol gives rise to a decyl alcohol of the con- 
stitution CHMe 2 -CH 2 CH 2 CH(CHMe 2 ) CH20H (Ann. 318 , 157). 

A similar condensation takes place when the vapours of alcohols are passed 
over heated magnesium, the magnesium alkoxide being produced as an inter- 
mediate compound, and then reacting with excess of the alcohol to form the 
higher alcohol, e.g. Propyl alcohol gives j3-methylpentanol in 30 per cent, yield 
{Tirenticv, Bull. Soc. chim., [iv] 35 , 1145). 

In addition to the above universal methods, alcohols are formed by 
various other reactions. Their formation in the alcoholic fermenta- 
tion of sugars in the presence of ferments is of great practical impor- 
tance. Appreciable quantities of methyl alcohol are produced in the 
dry distillation of wood. Many alcohols, too, exist in combination 
as already formed natural products in compounds, chiefly as compound 
esters of organic acids. 

Their formation by the breakdown of a- amino acids by yeast 
fermentation and the action of other micro-organisms is of biological 
interest (see formation of Fusel Oil, p. 141). 

Conversion of Prinmry into Secondary and Tertiary Alcohols. — By 
the elimination of water the primary alcohols become unsaturated 
hydrocarbons C„H 27 i (p. 104). The latter, treated with concentrated 
HI, yield iodides of secondary alcoholic radicals, as iodine does not 
attach itself to the terminal but to the less hydrogenized carbon atom 
(p. 106). Secondary alcohols result when these iodides are acted on 
with silver oxide. The successive conversion is illustrated in the 
following formulae : 

CH, 

I 

CH, 

I 

CH,OH 

Propyl 

alcohol. 
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In a similar manner primary alcohols in which the group CHj-OH 
is joined to a secondary radical, pass into tertiary alcohols : 

^g»>CH CHj OH ^g»>CC=H, CH, ®®»>C(OH) CH, 

woButyl alcohol. z>oBufcylone. Tertiary butyl Tertiary butyl 

Iodide. alcohol. 

The change is better effected by the aid of sulphuric acid. The 
sulphuric esters (p. 167), arising from the alkylenes, CnH 2 n, have the 
sulphuric acid residue linked to the carbon atom with the least number 
of attached hydrogen atoms. 

Physical Properties . — In physical properties alcohols exhibit a 
gradation corresponding with their increase in molecular weight like 
other bodies belonging to homologous series. The lower alcohols 
are mobile liquids, dissolving readily in water, and possessing the 
characteristic alcoholic odour and burning taste. As their carbon 
content increases, their solubility in water grows rapidly less. The 
normal alcohols, containing from one to sixteen carbon atoms, are 
liquid at the ordinary temperature, whilst the higher members are 
crystalline solids, without odour or taste, resembling the fats. The 
boiling points of alcohols of similar structure increase gradually in 
proportion to the increase of their molecular weights, the rise being 
about 20° for a difference of CHj. The primary alcohols boil higher 
than the isomeric secondary, and the latter higher than the tertiary 
alcohols. Here we observe again that the boiling points are lowered 
by an accumulation of methyl groups. 

The boiling points can be calculated with approximate accuracy 
from the alkyl residues present (Ber. 20, 1948). The higher members 
are only volatile without decomposition under diminished pressure. 

Chemical Properties and Reactions . — The alcohols are neutral com- 
pounds. In many respects the first members of the series resemble 
water, and enter into combination with many salts, in which they 
behave as alcohol of crystallization (p. 137). 

Some of the more important reactions are — 

(1) The hydroxyl hydrogen is easily replaced by sodium, potas- 
sium, and other metals, yielding thereby the alcoholates or alkoxides 
(p. 144). 

(2) In their interaction with strong acids water separates and 
esters are produced. This reaction, in which the alcohols figure as 
the base, is analogous to that taking place in the formation of a salt 
from a basic hydroxide and an acid, but differs from salt formation 
in that it is not an “ ionic ” reaction, and takes place correspondingly 
slowly. 

The haloid esters of the alcohols are produced when the alcohols 
are heated together with the halogen acids. These esters are the 
mono-halogen derivatives of the paraffins. A more convenient method 
for their formation consists in heating the alcohols with the phos- 
phorus halides. Nascent hydrogen, acting on these esters, affords a 
means of reconverting the alcohols into their corresponding hydro- 
carbons (p. 95). 

(3) The primary saturated alcohols, on being passed over finely 
divided metals (Cu, Ni, Zn, Al) heated to redness, are decomposed 
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into aldehydes. Similarly, secondary alcohols give rise to ketones, 
and tertiary alcohols to olefines (C. 1903, I. 1212 : J. pr. Chem. [2] 
67 , 420 : C. 1908, I. 1375). 

(4) Energetic dehydrating agents convert the alcohols, especially 
those of the tertiary class, into olefines. 

(5) Alcohols combine with aldehydes at room temperature, with 
evolution of heat and formation of hydroxy ethers ; these compounds 
revert to their components at higher temperatures : 

CHgCHO + HOEt CH3-CH(OH)OEt. 

(Z. physik. Chem. 77 , 284). 

In the presence of hydrochloric acid, the compounds combine to 
form acetals, R'-CH(OR)2. 

Reactions distim^uishing Primary, Secondary, and Tertiary Alcahols. 
— (1) In the preliminary description of the alcohols it was clearly 
shown that primary alcohols, upon oxidation, yield aldehydes and 
carboxylic acids ; that the secondary alcohols form ketones with the 
same number of carbon atoms, and that the tertiary alcohols break 
down. 

(2) If the alcohols be converted by phosphorus iodide into their 
iodides, and the latter are changed by silver nitrite to nitroparafiins, 
these will show characteristic colour reactions, according as they con- 
tain a primary, secondary, or tertiary alcohol radical. 

(3) Acetic esters are formed when the primary and secondary 
alcohols are heated with acetic acid to 155® C. The tertiary alcohols, 
under similar treatment, lose water and form olefines (Ann. 190 , 343 : 
197 , 193: 220 , 165). 

(4) When the primary alcohols are heated with soda-lime they 
yield their corresponding acids : 

R CtTg-OH -f NaOH = K-CO-ONa + 2 H 2 . 

(5) PCI 3 reacts with the primary alcohols to form mainly esters 
of the type RO PClg ; with secondary alcohols it produces unsaturated 
hydrocarbons, and with tertiary alcohols the corresponding alkyl 
chlorides (C. 1897, II. 334). 

(6) Primaiy^ and secondary alcohols yield the corresponding acetic 
acid esters with acetyl chloride CH3COCI ; the tertiary alcohols, on 
the contrary, give rise to tertiary alkyl halides (C. 1906, II. 747). 

A. SATURATED ALCOHOLS, PARAFFIN ALCOHOLS, CnH^n * ^OH 

The most important members of this series, and of the monohydric 
alcohols in particular, are methyl alcohol or wood spirit, CHj*OH, and 
ethyl alcohol or spirits of vnne : CHg-GHj-OH. 

I. Methyl Alcohol, Wood Spirit, Carbinol [Methanol]^ CHg'OH. 

History. — Boyle diseovt^red wood Hpirit in IGGl among the products of the 
dry distillation of wood. In 1H12 Tayh)r recognized it as being similar to spirits 
of wine, but considered it an entirely different body. Dumas and P61igot (1831) 
(Ann. 15 , 1) made the first study of it. 

It is formed in large amounts in the dry distillation of wood. The name 
methyl is derived from yeOv (wine), anci vXrj (wood). 

The aqueous product obtained in the distillation of wood at 500° in iron 
retorts contains methyl alcohol, cicetone, acetic acid, methyl acetate, and other 
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compounds. It is distilled over quick-lime or soda, whereby the acetic a<jid 
is held back in the form of a salt. Further purification is effected by means 
of anhydrous calcium chloride, which combines with the alcohol to ,a crystalline 
compound. This is removed, freed from acetone by filtration and drying, and 
afterwards decomposed by distilling with water. Pure aqueous methyl alcohol 
passes over, which is then dehydrated with lime or anhydrous potassium carbon- 
ate. To procure it perfectly pure it is necessary to decompose methyl oxalate, 
a readily crystallizablo substance, the high-boiling methyl benzoate, or methyl 
formate, with potassium hydroxide. 

Methyl alcohol is also produced in the dry distillation of molasses. It occurs 
in nature as methyl salicylate, C 6 H 4 (OH)*COOCH 3 , wintergrccn. oily derived from 
QauUhcria procumhens ; as the methyl ester of anthranilic acid in nc.roli oily in 
many alkaloids and other compounds. 

The full Hynthesis of methyl alcohol proceeds from carbon disulphide 
through methane and methyl chloride, by the action of aqueous 
potassium hydroxide on the latter at 100"" (Bertheht, 1858, Ann. chira. 
phys. [3] 52 , 101) : 

KOH 

CSo CH4 CH3CI CH3 OH. 

In Germany at the present time, methyl alcohol is largely manu- 
factured synthetically by the reduction of carbon monoxide by hydro- 
gen (water-gas) under pressure in the presence of catalysts (Badische 
Anilin und SodAfabrik). 

To detect ethyl alcohol in methyl alcohol, the liquid is heated with concen- 
trated sulphuric acid, when ethylene is formed from the ethyl alcohol, whilst 
methyl ether results from the methyl alcohol. The amount of methyl alcohol 
in wood spirit is determined, quantitatively, by converting it into methyl iodide, 
CH 3 I, through the agency of PI 3 (Ber. 9, 1928), or into methyl nitrite by the 
action of nitrous acid. Methyl nitrite is readily volatile, and when distilled 
into acid potassium iodide solution, liberates iodine, which can be titrated witli 
thiosulphate (Bor. 57, (>93). 

Physical Properties. — Methyl alcohol is a mobile liquid with a 
spirituous odour and a burning taste. It is miscible with water, 
other alcohols, ether and many other organic liquids. B.p. 64*56° /760 
mm., m.p. — 94° (Ber. 33, 638), 0*79647 (Ber. 41, 4326). 

Uses. — ^Wood spirit is employed as a source of heat, and as a 
denaturizing agent for ethyl alcohol. It is also used in making 
varnishes, dimethylaniline, and for the methylation of many carbon 
derivatives, particularly the dye-stuffs. It is a good solvent for many 
compounds of carbon. 

Chemiml Properties. — (1) Methyl alcohol combines directly with 
CaCla, to form CaCl 2 * 4 CH 40 , crystallizing in brilliant six-sided plates ; 
homologous alcohols give similar compounds (C. 1906, II. 1715). 
Barium oxide dissolves in methyl alcohol, forming the crystalline 
body Ba 0 * 2 CH 40 . The alcohol in this salt behaves as alcohol of 
crystallization. 

(2) Potassium and sodium dissolv^e in the anhydrous alcohol, to 
form methylates, e.g. CH3OK and CHgONa. 

(3) Oxidizing agents, e.g. air in presence of platinum black or 
copper oxide, oxidize methyl alcohol to formaldehyde, formic acid, 
and carbon dioxide. 

(4) Chlorine and bromine do not act so readily on methyl as on 
ethyl alcohol. Chlorine attacks aqueous methyl alcohol, however. 
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quite easily (Ber. 28 , R. 771). Dichloromethyl ether, (C1CH2)20, is 
fost produced, which water converts into formaldehyde and hydro- 
chloric acid (Ber. 26 , 268). 

(5) When methyl alcohol is heated with soda-lime, sodium formate 
results with evolution of hydrogen : 

CHa-OH + NaOH = CHOONa + 2 H 2 . 

(6) When the alcohol is distilled over zinc dust, it breaks down 
into carbon monoxide and water. 

(7) Methyl alcohol differs from all other primary alcohols in that 
it contains the CHjOH group in union with hydrogen. Hence its 
oxidation is not restricted to the corresponding monobasic carboxylic 
acid, but may extend to carbonic acid : 


/OH 

C^H 

H 


H 


-> C^O 


/OH 
-> C^O 


H 


H 



- HaO 

> 



2. Ethyl Alcohol, Spirits of Wine [Ethanol], CH3CH2OH. — In con- 
sequence of its formation in the spirituous fermentation of saccharine 
plant juices, alcohol, in impure state, was known to the ancients. 
It was, however, only at the end of the eighteenth century that the 
knowledge of how it might be obtained in an anhydrous condition 
was first acquired. In 1808 Saussure determined its constitution. 

Occurrence . — Ethyl alcohol seldom occurs in tho vegetable kingdom. It is 
found, together with ethyl butyrate, in the unripe seeds of Heracleum giganteum 
and Heracleum apondylium. It is said to be present in the urine of diabetic 
patients. It appears in that of healthy men after excessive consumption of 
alcoholic beverages. 

Formation . — It may be obtained by the general methods previously 
described for primary alcohols : (1) From ethyl chloride ; (2) from 
ethyl sulphate ; (3) from ethylene chlorhydrin ; (4) from ethylamine ; 
(5) from aldehyde ; and (6) from acetyl chloride or acetic esters. 

The first three methods show the close relationship between ethyl 
alcohol, and acetylene, ethylene and ethane, and the last three with 
methyl alcohol and with acetic acid, whose nitrile can easily be 
obtained from methyl alcohol. 

Starting with acetylene, the most direct course to ethyl alcohol would bo 
through acetaldehyde. Water converts it into the latter (p. 110), and nascent 
hydrogen then reduces the aldehyde to alcohol. 

If the acetylene be changed to ethylene, then various possibilities arise for the 
formation of ethyl alcohol : (1) Ethylene and hydrogen unite to form ethane, 
which chlorine changes to ethyl chloride, yielding alcohol when heated with water. 

(2) At 160° ethylene unites with sulphuric acid, forming ethyl sulphuric acid, 
which boiling water changes to ethyl alcohol and sulphuric acid. In this manner 
Berthelot first carried out the synthesis of ethyl alcohol (C. 1899, I. 1018). 

(3) Ethylene and hypochlorous acid yield ethylene chlorhydrin or monochlorethyl 
alcohol which may be reduced to ethyl alcohol. 

A nucleus -synthesis of ethyl alcohol from methyl alcohol is possible through 
aeetaldehyde. Methyl alcohol can be synthesized from carbon disulphide 
(p. 137). Phosphorus iodide converts the methyl alcohol into methyl iodide, 
and this, by action of potassium cyanide, is changed into methyl cyanide. Boiling 
alkali transforms the latter into an alkali acetate, which phosphorus oxychloride 
converts into acetyl chloride. The latter, by reduction, yields ethyl alcohol, with 
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acetaldehyde as an intermediate product. Acetaldehyde may also be prepared 
from calcium acetate by heating it with calcium formate. 

These relations are made clear in the following diagram: . 



Preparation. — Ethyl alcohol is prepared on a technical scale almost 
exclusively by the alcoholic fermentation of saccharine liquids. 

Schvxmn, in 1836, and independently Cagniard Latour, found that 
alcoholic fermentation was brought about by yeast cells. This dis- 
covery, as opposed to Liebig^ a mechanical fermentation theory (Ann. 
29, 100 : 30, 250, 363), only found general acceptance from 1857 
onwards, through Pasteur’s investigations (Ann. chim. phys. [3] 58 , 
323). In 1897, Buchner showed that the expressed liquid from 
mechanically broken-up yeast cells could also bring about alcoholic 
fermentation. It was therefore shown that fermentation was a purely 
chemical reaction, and not a “ vital ” process. The active agent in 
the fermentation is an enzyme-complex zymase which is formed by 
the living yeast cell, but which acts independently of it. Harden 
and Young in 1906 showed that the enzyme could be spht into at least 
two parts, the zymase itself — heat-labile, non-diffusible — and the 
'' co-enzyme ” which is heat-stable and readily diffusible. Both com- 
ponents are simultaneously necessary for alcoholic fermentation. The 
co-enzyme is probably a hexosephosphate (Ber. 32, 2086 : 33, 971, 
2764 : 47, 853 : Bull. [4] 7, 1 : Proc. Roy. Soc. 77, [B], 405 : Bio- 
chem. Z., 8, 520). The reaction mechanism of alcoholic fermentation 
is discussed later. See p. 140. 

Conditions of Alcoholic Fermentation. — The yeast germs increase 
by budding in dilute, warm (5-30°) sugar solutions : the growth is 
most rapid at 20-30° C. Its development requires salts, especially 
phosphates, and albuminous substances which are always present in 
sugar-containing fruit juices as well as oxygen at the commencement 
(Ber. 29, 1983), but the fermentation proceeds afterwards without 
access of air. When the quantity of alcohol in a fermenting liquid 
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reaches a certain amount, the fermentation ceases, since the yeast 
germs cannot grow in hqiiids containing 14 per cent, of alcohol. They 
are also destroyed by a temperature of 60°, and by small quantities 
of phenol, salicylic acid, mercuric chloride, and other disinfectants. 

The sugars occurring in ripening fruits — grapes, apples, cherries — 
and in cane and beet, as well as in many other plants, belong to the 
class of carbohydrates, which contain carbon, together with hydrogen 
and oxygen in the same proportion in which they are present in water . 
The carbohydrates will be discussed in detail immediately after the 
hexahydric alcohols : C6Hg(OH)6 — mannitol, dulcitol, sorbitol, etc., 
of which the first oxidation products are the simple carbohydrates, 

The carbohydrates may be arranged in three principal classes : 

(1) Monosaexharides. CeHigOg : glucose, fructose, etc. 

(2) Disaccha rides. C 12 H 22 O 11 : maltose, sucrose, lactose, etc. 

(3) Polysaccharides. (CeHioOs),,. : starch, glycogen, dextrin, etc. 

The carbohydrates of the second and third classes are anhydrides 

of the monosaccharides. 

8ome of the monosaccharides, especially glucose and fructose, are 
capable of direct alcohoUc fermentation. Certain disaccharides such 
as maltose are also directly fermentable, and the other disaccharides 
and polysaccharides, which are not directly fermentable, can be 
hydrolysed to the simple fermentable sugars. 

Enzymes. — (See also p. 755.) The breakdown of the di- and poly- 
saccharides to mono-saccharides, with the addition of water [hydrolysis), 
can be brought about by enzymes. For alcoholic fermentation the 
enzymes invertase (saccharase), diastase [amylase), and the complex of 
zymase are of importance. The invertase breaks down sucrose into 
glucose and fructose, amylase breaks down polysaccharides into di- 
and mono-saccharides and the zymase breaks down the mono- 
saccharides. 

According to Pasteur, in the fermentation of monosaccharides, 
90-95 per cent, of the sugar breaks down into carbon dioxide and 
alcohol, according to the equation first put forward by Gay-Lussac 
(1815) : 

C.Hi^Oe 2C2HeO + 2 CO 2 . 

At the same time, glycerol (2-5 per cent.), fusel oil, and some succinic 
acid are formed, the last especially towards the end of the fermenta- 
tion (Ber. 27, R. 671). In fusel oil occur 7i-propyl alcohol, i^obutyl 
alcohol, and most important, “ fermentation amyl alcohol,” which 
is a mixture of (inactive) isobutylcarbinol and optically active sec.- 
butylcarbinol. 

Mechanism of Alcoholic Fermentation. — [Of. K. Neuberg, Ber. 55, 
3624 : Harden, Alcoholic Fermentation, London, 1932.) The mechan- 
ism of alcoholic fermentation has been made clear largely by the 
work of Neuberg, Wohl, v. Euler, Harden and others. 

According to Neuberg, the first stage in the reaction is the break- 
down of the sugar molecule into two molecules of methylglyoxal 
(equation I). Although this decomposition has been confirmed by 
purely chemical means (action of alkalis), and by the action of 
enz 5 meB (Biochem. Z. 55, 495 : 71, 144), the details of the break- 
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down of the Co chain and the wandering of the oxygen atoms is not 
yet clear. There is much evidence that hexosephosphoric esters play 
an important part (Z. physiol. Chem. 139, 15 : 143, 77). • 

Fermentation by yeast juice or dried yeast is markedly increased 
by the addition of inorganic phosphate to the fermenting liquid. 
The additional fermentation is associated with the esterification of 
an equivalent amount of the phosphoric acid, according to the equation 
(Harden and Young) : 

2CeHi20e + 2PO,HR2 = 200 ^ + 20 ^ 11^0 + 2 H 2 O + CeHioO,(P 04 R 2)2 

which represents the formation of a hexosediphosphoric ester which 
can actually be isolated. A hexosemonophosphate is formed simul- 
taneously and its formation can be represented by a similar equation. 

This effect does not occur with living yeast, but is not therefore 
of negligible importance. One possible explanation of the difference 
is that living yeast contains sufficient of the enzyme hexosephos- 
phatase to break down the organic phosphates and ensure an optimum 
quantity of free phosphate throughout the reaction. For further 
discussion on this subject, see Harden’s book (above). 

The next stage of the reaction has also been much investigated. 
In 1910 it was discovered that pyruvic acid could be smoothly fer- 
mented and it was suggested that this acid was an intermediate prod- 
uct (cf. Z. angew. Chem. 39, 951) and that it was formed by a Can- 
nizzaro reaction, two molecules of methylglyoxal yielding one molecule 
of pyruvic acid and one of glycerol (equation II). Through the action 
of yet another part of the enzyme complex, a carboxylase,” the 
pyruvic acid is immediately broken down to acetaldehyde and carbon 
&oxide (III). A further Cannizzaro reaction between the acetalde- 
hyde and methylglyoxal (IV) gives ethyl alcohol and a further mole- 
cule of pyruvic acid, the latter then reacting again according to 
equation III. 

I. CgHiaOe 2CH3 CO CHO + 2H2O. 

II. 2CH3 CO CHO + 2H2O — > CH2OH CHOH CH2OH + CHs-CO COOH. 

III. CH3 CO COOH — > CH3 CHO + CO2. 

IV. CH3 CHO + CH3 CO CHO — > CH3 CH2OH + CH3 CO COOH. 

An important support to this conception of the reaction is given 
by the results of changing the conditions of reaction. By the addition 
of sodium sulphite to the fermenting liquid, the acetaldehyde is con- 
verted into the addition compound with NaHSOg as quickly as it is 
formed, and stage IV of the reaction is completely inhibited. Under 
these conditions, the enzyme acts according to equation II and the 
yield of glycerol is greatly increased (Constein und Liidecke, Ber. 52 , 
1385). By the addition of alkalis, the reaction is changed in another 
way, and there are formed glycerol, carbon dioxide, alcohol and 
acetic acid, the last two being formed by a '' dismutation ” of two 
molecules of acetaldehyde. 

The formation of fusel oil and succinic acid has been explained 
by the work of F. Ehrlich (Ber. 39, 2301 : 43, 1027 : C. 1905, II. 
166 : 1909, II. 731). These compounds are not produced by the 
breakdown of the sugar, but by the decomposition of amino acids 
which always occur in plant- juices and yield the nitrogen necessary 
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for the growth of the yeast cells. The decomposition of the amino 
acid proceeds through the corresponding a-ketonic acid, and finally 
jdelds an alcohol containing one carbon atom less than the original 
amino acid. The components of fusel oil and their parent amino 
acids are shown below. 


CH8CHaCH(NHj)CO,H 

a-Amlnobutyric acid. 

(CH8)2-CH-CH(NH*)COgH 

Valine. 

(CHa)*-CHCHg-CH(NH2)C02H 

Leucine. 

CH8-CHaCH(CH8)CH(NH2)COaH 

iioLeucine. 

C08HCH2CH2CH(NH8)C08H 

Glutaminic acid. 


> CHj CHa-CHaOH 

n-Propyl alcohol. 

(CH8)8CH CH80H 

i«oButyl alcohol. 

> (CH8)8CH CH8*CH80H 

t^oButylcarblnol. 

> CH8 CH2 CH(CH3) CH20H 

«^.-Butylcarbinol. 

> CO^H CHa-CHj-COaH 

Succinic acid. 


Alcoholic Beverages . — ^The materials used in the preparation of alcoholic liquids 
by means of fermentation are : 

1. Saccharine plant juices. 

2. Starch-containing substances^ seeds of grain and potatoes. The fermented 
liquids are directly consumed (wine, beer) or they are first distilled in order to 
produce the various kinds of spirits, the alcohol content of which may exceed 
50 per cent. : 

(1) By the fermentation of saccharine juices we obtain ; 


(a) without subsequent distillation : 
From grapes : wine. 

„ apples : cider. 

„ currants ; currant wine, 

etc. 


I (6) with subsequent distillation : 
hVom wine : cognac. 

„ molasses : rum. 

,, cherries : “ kirschwasser 
(Baden). 

„ prunes : sliwowitz (Bohe- 
mia), etc. 


(2) By the fermentation . of starch -containing substances, after converting 
the starch into sugar with malt : 


(a) without subsequent distillation : 
Barley : beer. 

Wheat : weissbier (Berlin). 
Rice : sake (Japan). 


(6) with subsequent distillation : 

Barley and rye, wheat or oats, 
and maize : corn whisky of 
various kinds. 

Rice : arrac (East India). 
Potatoes : potato spirit. 


ManufacLure of Potato Spirit . — Pure ethyl alcohol is obtained from potato 
spirit. The potatoes are first heated with steam to 140-150° C. under a pressure 
of from 2 to 3 atmospheres. The lower part of the apparatus is then opened and 
the potato mash pressed out and digested at 57-60° in a mashing apparatus with 
finely divided malt mixed with water. In this manner the starch of the potatoes 
is converted into sugar. When the “ mash ** has cooled to the proper temperature 
it is run into the fermentation -tubs, where it comes into contact with “ pure 
culture ” of yeast, and is then fermented. Crude spirit results from the distillation 
of the fermented mash ; what remains is known as vinasse. 

Manufacture of Pure Absolute Alcohol . — To purify the crude spirit further it 
is fractionated on a large scale in a column apparatus. The first portions, more 
readily volatile, contain aldehyde, acetal, and other substances. A purer spirit 
(containing 95-96 per cent, of alcohol) follows, and in commerce is known as 
spirit. Finally come the “ tailings,” in which are the fusel oils. To remove 
the latter, the spirit is diluted with water and passed through previously i^ited 
wood -charcoal, which retains the fusel oils, and the filtrate is then distilled. 

To prepare anhydrous alcohol, the rectified spirit (90-96 per cent, alcohol) is 
distilled with anhydrous potassium carbonate, cuihydrous copper sulphate, 
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quick-lime (Arm. 160, 249), or barium oxide. Commercial absolute alcohol 
(about 99 per cent.) can be freed from its last traces of aldehyde and water, by 
treatment with alkali and silver oxide, and subsequent distillation over metallic 
calcium (Ber. 38, 3612). • 

Detection of Water in Alcohol . — Absolute alcohol dissolves barium oxide, 
assuming a yellow colour at the same time, and does not restore the blue colour 
to anhydrous copper sulphate. It is soluble without turbidity in a little benzene ; 
when more than three per cent, of water is present, cloudiness ensues. On adding 
anhydrous or absolute alcohol to a mixture of very little anthraquinone and some 
sodium amalgam it becomes dark green in colour, but in the presence of traces of 
water a red coloration appears (Ber. 10, 927). Aqueous alcohol generates acety- 
lene from calcium carbide, whilst the anhydrous spirit has no action in the cold 
(C. 1898, I. 658, 1225). 

Detection of Alcohol . — Traces of alcohol in solutions are detected and deter- 
mined either by oxidation to aldehyde {q.v.) or by converting it by means of 
dilute potassium hydroxide and iodine into iodoform (Ber. 13, 1002). 

Its conversion into ethyl btmzoato, by shaking with benzoyl chloride and 
sodium hydroxide (Ber. 19, 3218; 21, 2744), also answers for this purpose. 


Properties . — Pure alcohol is a colourless mobile liquid with an 
agreeable ethereal odour. It boils at 78-3°/760 mm., and solidifies 
when strongly cooled to a varnish-like mass, which melts at — 112°. 
D® 0*806, I)^® 0*789, 0*78513. It burns with a non-luminous 

flame and absorbs water energetically from the air. When mixed 
with water a contraction occurs, accompanied by rise of tempera- 
ture ; the maximum is reached when one molecule of alcohol is 
mixed with three molecules of water, corresponding with the formula 
CgHflO + 3 H 2 O. The amount of alcohol in aqueous solutions is given 
either in per cent, by weight (degrees according to Richter) or per 
cent, by volume (degrees according to TraDes). It may be deter- 
mined by an alcoholometer , the scale of which gives directly the per 
cent, by weight or volume for a definite temperature (15° C.). Or 
the vapour tension is ascertained by means of the vapourimeter of 
Geissler, or the boiling point is determined with the ebullioscope. 

The alcohol contained in spirituous beverages is first distilled off 
and then estimated in the distillate. 

Alcohol dissolves many mineral salts, the alkalis, hydrocarbons, 
resins, fatty acids, and almost all the carbon derivatives. The majority 
of gases are more readily soluble in it than in water ; 100 volumes 
of alcohol dissolve 7 volumes of hydrogen, 25 volumes of oxygen, and 
16 volumes of nitrogen. 

Ethyl alcohol forms crystalline compounds with some salts, e.g. 
calcium chloride and magnesium chloride, in which it behaves analo- 
gously to water of crystallization. 

Reactions. — (1) Potassium and sodium dissolve in it, yielding the 
alcoholates. 

(2) With sulphuric acid it yields ethyl hydrogen sulphate, and 
with sulphuric anhydride, carbyl sulphate (p. 103). 

(3) Phosphorus bromide and iodide change it into ethyl bromide 
and ethyl iodide. 

(4) Being a primary alcohol, such oxidants as manganese peroxide 
and sulphuric acid, chromic acid, platinum black and air, convert it 
to acetaldehyde and acetic acid (p. 128). 

(5) Chlorine and bromine oxidize alcohol to acetaldehyde, which 
unites with more alcohol to form CKjetal. The further action of chlorine 
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leads to the formation of mono- and dichloroacetal, and finally to 
chloral alcoholatc. Bleaching powder changes alcohol to chloroform, 
and iodine and potassium hydroxide convert it into iodoform. 

(G) Nitric acid, free from nitrous acid, changes alcohol into ethyl 
nitrate {q.v.). Under certain conditions alcohol can be so oxidized 
by nitric acid that, besides attacking the CHg-OH group, the methyl 
group may be changed with the resulting formation of glyoxal, glycollic 
acid, glyoxalic acid, and oxalic acid : 


> 


CH20H 

CHO 

CO2H 

CO2H 

CO2H 

1 

CH3 

^CHO 

j 

CHoOH 

^ CHO 


Ethyl alcohol. 

Glyoxal. 

Glycollic acid. 

Glyoxalic acid. 

Oxalic acid. 


(7) Mercury fulminate {q.v.) is produced when alcohol acts on 
mercury and an excess of nitric acid. Boiling with mercuric oxide 
and sodium hydroxide gives rise to a basic, explosive body, C 2 Hg 604 H 2 , 
called mercarbide {cf. p. 537) (Ber. 33, 1328). 

(8) If alcohol be passed through a red-hot tube, decomposition 
will be found to begin at 800*^, and at 820-830"*, about ^ of it splits 
up into ethylene and water, and ^ into aldehyde and hydrogen, whilst 
f of the aldehyde further breaks down into methane and carbon 
monoxide (Ber. 34, 3579). These decomposition products appear at 
lower temperatures by passing alcohol vapour over finely divided 
metals or aluminium oxide (C. 1903, I. 955 : II. 335). 


Alcoholaies. — Sodium ethoxide is the most important alcoholate, as it is 
employed in a series of nucleus-synthetic reactions. It affords a means of splitting 
off water and alcohol. It may be prepared by dissolving sodium in alcohol, 
then heating it to 200^ C. in an atmosphere of hydrogen to free it from alcohol, 
when it forms a white, voluminous powder (Ann. 202, 294 : Ber. 22, 1010). Or, 
a calculated quantity of metallic sodium is added to a solution of alcohol in 
ether, toluene, or xylene, and the whole is heated under a reflux condenser until 
the sodium has entirely disappeared (Ber. 24, 649 : 37, 2067). An excess of 
water changes the alcoholatos to alcohol and sodium hydroxide ; with a small 
amount of water the reaction is incomplete. The alcoholates also result on 
dissolving KOH and NaOH in strong alcohol. Sodium peroxide converts alcohol 
into sodium alcoholate and sodium hydroperoxide, NaO OH (Ber. 27, 2299). 

Calcium ethoxide, Ca(OC 2 H 6 ) 2 , is formed by the solution of metallic calcium 
in alcohol, or by the dec;omposition of calcium carbide by absolute alcohol with 
the aid of heat (Ber. 28, R. 61 : 38, 3614). 

Almninivm ethoxide, Al(OC2H5)3, m.p. 134°, b.p. 205°/14 mm. ; aluminium 
propylaie Al(OC3H,)3, m.p. 106°, b.p., 24°/14 mm., are remarkable in that 
they are volatile without decomposition under much reduced pressure. 
Aluminium methoxide is decomposed by heat under reduced pressure. These 
compounds are prepared by the action of the respective alcohols on amalgamated 
aluminium (C. 1900, I. 10, 585). 

Substituted Ethyl Alcohols : 


1 . CH2CI CH2OH 

2 . CHCI2 CH2OH 

3. CCI3 CH2OH 

4. CHBr20H2OH 

5. CBr8CH20H 

6. CH2NO2 CH2OH 

7. CH2NH2 CH2OH 

8. CH, CU(NHj)OH 


Glycol chlorhydrin (Bromhydrin, lodohydrin). 
Dichloroethyl alcohol, b.p. 146° (Ber. 20, R. 363). 
Trichloroethyl alcohol, m.p. 18°, b.p. 151° (Ann. 210, 
63). 

Dihromocthyl alcohol, b.p. 70-72°/10 mm, (Ber. 56, 
2283). 

Tribromoethyl alcohol, m.p. 80°, b.p. 92-94°/10 mm. 
(Ber, 56, 2283). 

Nitroethyl alcohol, b.p. 103°/11'5 rnm. (Ber. 53, 209). 
Hydroxyethylami7ie (j3-Aminoethyl alcohol). 
Aldehyde-ammonia (a-Aminoethyl alcohol). 
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The compounds 1, 6 , and 7 will be discussed with ethylene glycol, 8 , with 
acetaldehyde. Di- and trichloroethyl alooiiol are obtained by the action of zinc 
ethyl on di- and trichloroacetaldehyde. The trichloro -compound is also obtained 
from urochloralic acid {q.v.) and by the biochemical reduction of chloral by yeast 
(Lintner and Luers, Z. physiol. Chem. 88 , 122 ; Willstatter, Ber. 56 , 2283). 
Trichloroethyl carbamate^ NH 2 C()OCH 2 CCl 3 volutiial^ is used as a hypnotic (C. 
1923, I. 1196). Trihromoethyt alcohol is obtained by the biochemical reduction 
of tribromoacetaldehyde (bromal) by moans of yeast. Dibromoethyl alcohol is 
formed as a by-product. 

3. Propyl Alcohols [Propanols^, C 3 H 7 OH. — Two isomeric propyl 
alcohols are theoretically possible : the primary normal propyl 
alcohol and the secondary ^'^opropyl alcohol. Their constitution 
is evident from their methods of formation and their reactions 
(pp. 133-134). 

Normal propyl alcohol, OH 3 OH 2 OH 2 OH, b.p. 97*4° ; Dgo = 
0-8044, occurs in fusel oil (Chancel, 1853) from which it is obtained 
by fractional distillation, it is an agreeable-smelling liquid, which 
is miscible in every proportion with water, but is insoluble in a satur- 
ated, cold calcium chloride solution, whereby it can be distinguished 
from ethyl alcohol. It can also be prepared from ethyl magnesium 
chloride and trioxymethylene (p. 133), and by reduction of propion- 
aldehyde. Oxidation converts it first to propionaldehyde, and finally 
to propionic acid. By sulphuric acid it is converted into propylene, 
which with hydriodic acid yields /^opropyl iodide, which can be 
(converted into isopropyl alcohol. 

^^soPropyl alcohol (Secondary Propyl alcohol, dimethylcarbinol), 
b.p. 82-7'^, 0-7887, was prepared in 1855 by Berthelot from pro- 

j)ylenc and sulphuric acid, and in 1862 by Friedel by the reduction 
of acetone. Kolbe in 1862 (Z. Chem. 1862, 687) recognized in iso- 
propyl alcohol the first representative of the class of secondary alcohols 
j)redicted by him (p. 128). 

CH 3 CH \ 

It may be obtained from propylene oxide, i ^O, by reduction ; 

from formic ester by the aid of zinc and methyl iodide, and from 
acetaldehyde by means of methyl magnesium iodide (p. 220). Its 
formation from normal propylamine by the action of nitrous acid is 
noteworthy, and is accompanied by the simultaneous production of 
primary propyl alcohol and propylene. 

It is prepared catalytically by the reduction of acetone (Swiss Pat. 
87962 : C. 1921, IV. 421). 

The most practical method of obtaining it is to boil the iodide, 
which is easily prepared from glycerol, with ten parts of water and 
freshly prepared lead hydroxide in a vessel connected with a reflux 
condenser, or by simply heating the iodide with twenty volumes of 
water to 100° (Ann. 186, 391). Oxidation changes it into acetone, 
whilst chlorine converts it into unsymmetric tetrachloroacetone (q.v.). 

Trichloroisopropyl alcohol, in.p. 49°, b.p. about 153°, is pro- 

duced by the action of zinc methyl on chloral (p. 238) (Ann. 210, 78). 

4. Butyl Alcohols, C 4 H 9 -OH. — According to theory four iso- 
merides are possible : 2 primary, 1 secondary, and 1 tertiary (p. 128) : 

VOL. I. L 
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Name. 

Formula. 

M.P. 

B.P. 

Sp. Gr. 

1 . Normal Butyl Alcohol 

CH8(CH2)2CH20H 

Liquid 

yy 

116-8° 

0-8099 at 20° 

2. isoButyl Alcohol 

(CH,),CHCHjOH 

108-4° 

0-8020 at 20° 

3. Secondary Butyl Alco- 
hol 


99 

99° 

0-8270 at 0° 

4. Tertiary Butyl Alcohol 

(CH,),C OH 

25° 

83° 

0-7788 at 30° 


Normal butyl alcohol, n-Propylcarbinol [l-Butanol], is formed in tlio 
action of sodium amalgam on normal butyl aldehyde (Method 4a, p. 131), and 
from ethylene oxide and ethyl magnesium bromide (Method 7, p. 134). It is 
further produced by the fermentation of glycerol by a micro-organism together 
with trimethylene glycol, CHaOH-CHgCHjOH {Fitz, Bor. 16 , 1438 : 29 , R. 72 : 
Buchner and Meiaenheimer^ Ber. 41 , 1410). 

Trichlorohutyl alcohol^ CH 3 *CHCl‘CCl 2 *CH 2 *^H, m.p. 62°, b.p. 120°/45 mm., 
results when zinc ethyl and butyl chloral (p. 240) are brought together, and is 
also obtained from urobutylchloralic acid (Ann. 213, 372). 

Secondary butyl alcohol, Afei%Z6f%ZcaWnnoZ, Butylene hydrate, [2-Butanol}, 
is a strongly -smelling liquid. It is obtained from methyl ethyl ketone by reduc- 
tion with sodium and water under ether (C. 1901, II. 1113) ; also from normal 
butyl alcohol by conversion into butylene, by loss of water, the addition of 
hydrogen iodide to the butylene, and finally the hydrolysis of the iodide produced 
(p. 134). The same iodide is formed onheating erythritol,CH20H[CHOH]aCH20H, 
with hydriodic acid. Heated to 140-250°, it decomposes into water and j3-buty- 
lene, CHa-CH : CH-CHa. 

The relations existing between the normal primary and secondary butyl 
alcohols, as well as between a -butylene and -butylene, are shown in the following 
arrangement : 


CH2OH 

1 

CH2 

CH2 

II 

CH 

CH3 

1 

CHI 

CH3 

1 

CHOH 

CH. 

1 

CH 

CH2 

^ CH2 

y 1 

CIIj 

^CHg 

^ CH 

1 

1 

CH3 

1 

CHg 

1 

CH3 

1 

CH3 

1 

CH* 


Secondaiy^ butyl alcohol is the simplest racemic alcohol (comp. p. 70). It is 
resolved into its optically active components by means of the brucine salt of its 
acid sulphuric ester, or better by means of its acid phthalate (Ber. 40 , 695 : 
J.C.S., 103 , 1938). 

-isoButyl alcohol, isoPropylcarbinoL Butyl alcohol of fermentation [2-Methyl- 
propane-l-ol], occurs in fusel oils aiid especially in the spirit from potatoes. It 
is a liquid possessing a characteristic odour. It may readily be changed to 
isobutylene (OHg) 2 C = CH 2 , from which, by the addition of halogen acids, 
derivatives of tertiary butyl alcohol are obtained (p.l35). For the action of 
chlorine on isobutyl alcohol, see Ber. 27 , R. 507 : 29 , R. 922. 

Tertiary butyl alcohol, Trimethylcarbinol, [Dimethyl-ethanol}, was prepared 
by BuUerow (Ann. 144 , 1) in 1863, from acetyl chloride and zinc methyl, and was 
the first representative of the tertiary alcohols predicted by Kolbe. 

The oxidation of tertiary butyl alcohol produces isobutyric acid (CH 3 ) 2 -CH*- 
CO 2 H corresponding with isobutyl alcohol. This behaviour may bo explained by 
the intermediate formation of isobutylene (CH 3 ) 2 C=CH 2 , the conversion of this, 
by absorption of water, into isobutyl alcohol, and the oxidation of the latter 
(Ann. 189 , 73). The isobutylene, resulting from isobutyl alcohol and tertiary 
butyl alcohol, by the withdrawal of water can, by the addition of HCIO and 
reduction of the resulting chlorhydrin, be changed to isobutyl alcohol, and by 
addition of HI yields tertiary butyl iodide, which in turn may be transformed 
into the tertiary alcohol (p. 135). 

5. Amyl Alcohols, CgHn-OH. — Theoretically, 8 isomers are pos- 
sible : 4 primary alcohols, 3 secondary, and 1 tertiary, all of which 
are known. 
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The following table contains the formulae and the boiling points of the eight 
amyl alcohols. The name amyl alcohol is derived from afxvXov = starch, because 
the first-discovered amyl alcohol was observed in the fusel oil obtained from 
potato spirit. 


Name. 

1. Normal Amyl Alcohol 

2. i«oButylcarbinol . 

3. Active Amyl Alcohol . 

4. Tcrf.-Butylcarbinol 

5. Diethylcarbinol 

0. Methyl-n-propylcarbinol 

7. MethyKaopropylcarbinol 

8. Dimethylethylcarbinol 


Formula. | 

M.P. 

B.P.^eo 

CHa-CCHalaCH^-OH 


137° 

(CH 3 ) 2 -CHCH 2 CH 20 H I 


131° 

CH- * 

CH,-CH CHjC )H 


128° 

(CH 3 ) 3 C' 0 H 20 H 

+ 49° 

112° 

(CH3CH2)2CH-0H 


116° 

ch3CH,.8M:>choh 


118° 

' PH * 

1 

112° 

ch8ch:>coh 

- 12° 

102*5° 


Three of these eight alcohols contain an asymmetric carbon atom, indicated 
in the formulae by a star, hence each can have three modifications, two optically 
active and one optically inactive (p. 39), which raises the possible number of amyl 
alcohols to fourteen. On the connection between boiling point and velocity 
of reaction, see Ber. 30, 2784. 

(1) Normal amyl alcohol is most easily prepared from normal amylamino 
which, in turn, is obtained from caproic acid. It is almost insoluble in water, 
and has an odour of fusel oil. 

(2) t^oButylcarbinol, (CHalgCH-CHg-CH^OH, constitutes the chief ingredi- 
ent of the amyl alcohol of fermentation obtained from fusel oil (p. 142), and occurs 
as esters of angelic and cro tonic acids in Roman camomile oil. It may be obtained 
in a pure condition by synthesis from i«obutyl alcohol, with which it occurs in 
fusel oil : 


CHaOH 


CHoCN 


CHa-COoH CHoCHO CH„CHoOH 


CH - 

A 

CHoCHo 


-> CH - 

A 

CHXHa 


CH- 

A 

CH3CH3 


CH 

A 


- CH - 

A 

CH0CH3 


CH 

A 


A simpler synthesis is that from i^obutyl magnesium bromide and trioxy- 
methylene (Method 7, p. 133) (C. 1904, II. 1599). The so-called amyl alcoJiol 
of fermentation^ b.p. 129-132°, occurs in fusel oil and consists mainly of inactive 
t«obutylcarbinol. It possesses a disagreeable odour. In addition, «ec.-butyl- 
carbinol is present and causes the mixture to be Isevo-rotatory. 

The different solubilities and crystalline forms of the barium salts of the 
hydrogen sulphates of the two alcohols distinguish them and assist in their 
separation. From the more sparingly soluble salt, which forms in rather large 
quantity, i«obutylcarbinol may be obtained {Paeteur). A more complete separa- 
tion of the alcohols is reached by conducting HCl into the mixture ; i^obutyl- 
carbinol will be esterified first, the active amyl alcohol remaining unchanged 
(Le Bel) (Ann. 220, 149). A more suitable substance for separating the fermenta- 
tion amyl alcohols by the esterification method is nitrophthalic acid (Vol. II) 
{Marbwald, Ber. 34, 479 ; 37, 1038). When the crude fermentation alcohol is 
distilled with zinc chloride, ordinary amylene is the product ; this consists mainly 
of (CHa) 3 C ; CH'CHa, resulting from a transposition of wobutyl carbinol ; it 
contains, further, y-amylene and a-amylene (p. 107). 

(3) Active amyl alcohol, aeo.-ButylcarbinoL Of 
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the two activ^e modifications, the Ibbvo -rotatory form, not yet obtained pure, 
is the optically activ'^e constituent of the fermentation alcohol. The proportion 
of the optically active alcohol in fermentation amyl alcohol varies from 13 to 
58 per cent., according to the origin of the latter (Ber. 35, 1596). Its rotatory 
power is [a]^ = — 5-9°. The chloride, bromide, iodide, carbamic acid ester, and 
methylethylacetic acid (see valeric acid) prepared from the laevo-carbinol, are 
all optically active and dextro-rotatory, whilst the corresponding amino (p. 197) 
is lae VO -rotatory (Ber. 28 , R. 410 ; 29 , 59). 

The inactive modification of secondary butyl carbinol can bo obtained by 
heating with sodium hydroxide (Le Bel), and also synthetically from secondary 
butyl magnesium bromide and trioxymethylene (p. 133 ; C. 1900, I. 130). Re- 
solution by means of a rmicor leaves the dextro-rotatory alcohol (Ber. 15, 1506). 

(4) Tert.-Butylcarbinol, (CH8)8*C CH20H, is formed on reducing the 
chloride of trimethylacetic acid or pivalic acid (Ber. 24 , R. 567) with sodium 
amalgam. Nitrous acid converts its amine, with isomeric change, into dimethyl- 
ethylcarbinol (Ber. 24 , 2161). 

(5) Diethylcarbinol, (C2H5)2-CHOH, is formed by the action of zinc and 
ethyl iodide upon ethyl formate. Since ^-amylene, CgHg-CH : CH'CHg, yields 
the iodide of methylpropylcarbinol with HI, from which methylpropylcarbinol 
is obtained, the diethyl(!arbinol can thus be converted into the latter alcohol : 


CH, 

CH3 

CH3 

1 

CH3 

1 

CH, 

j 

CHa 

j 

CH2 

1 

. CH 

V 11 

1 

CHI 

j 

CHOH 

CHOH 

^ CHI 

^ II — 

CH 

CH, 

^ CH2 

1 

1 

1 

C,H, 

/ 3 -Aiiiyleue. 

1 
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The two meihylpropyl(;arbinols are obtained from methyl propyl ketone and 
methyl isopropyl ketone by reduction with sodium amalgaTn. 

(6) Methyl-/j -propylcarbinol, CH3 CH2CH2 CH(OH) CH3, is resolved by 
Penicillium glaucum (Lo Bel) ; the dextro-rotatory modiJfication is destroyed, 
and the lac vo -rotatory form remains. 

(7) MethylV.vopropylcarbinol, (CH3)2 CH CH(OH)'CH3, yields the deriva- 
tives of tertiary amyl alcohol, apparently with the intermediate formation of 
amylene, (CH3)2C=^CHCH3, when acted on by halogen acids and also PCI5 : 


CHg 


CH(OH) 

1 

CH 

A 

CHjCII, 



CH3 

1 

CH3 

1 

1 

CH 

i 

CH2 

V 1 

1 

CCl 

A 

CH3CH3 

COH 

A 

^HgCHg 


The true derivatives of methylwopropylcarbinol are obtained from a-i»oamyl- 
ene (CH3)2*CH-CH : CHg (p. 107), by the addition of halogen acids, at ordinary 
temperatures or when warmed. 

(8) Tertiary amyl alcohol, C*OH, Dirmthyhthylmrhinol, Amylene 

hydrate^ is a liquid with an odour like that of camphor. It produces sleep, the 
same as does chloral hydrate, and is, therefore, produced technically. 

Amyl alcohol of fermentation is employed as the parent substance, which, 
with zinc chloride, yields ordinary amylene, consisting mainly of jS-isoamylene, 

CH8CH=C<^g* (p. 107). This is shaken at — 20° with sulphuric acid diluted 

with J-l volume of water, and the solution is boiled with water (Ann. 190, 346). 

It is further formed by the action of nitrous acid on the amine of tertiary butyl 
carbinol (Ber. 24 , 2519), and from propionyl chloride and zinc methyl. At 200° 
it decomposes into water and j3-f«oamylene. 
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Higher Saturated Alcohols, CnH^+i ' 

Many representatives of the higher members of this series are 
known. Fourteen of the theoretically possible seventeen hexyl alco- 
hols, and thirteen out of the thirty-eight possible heptyl alcohols are 
known. Of the higher members, the number theoretically possible 
rapidly increases, but the known representatives become fewer in 
number. Few only are of importance, either from their formation, 
structure, or natural occurrence. 

Some of the more important members are described below. 

A large number of secondary alcohols of the general formula 
R‘CHOH*R' have been resolved by means of the brucine, strychnine 
or cinchonidine salts of their acid phthalates (J.C.S. 99, 45 : 103, 
1923). 

Hexyl alcohol, n-Hexyl alcohol, b.p. 157°, occurs as acetic and butyric esters 
in the oil of the seed of Heradeum giganteum (Ann. 163, 193). 

Pinacolyl alcohol (CH 3 ) 3 C*CHOH-CH 3 , m.p. -|- 4°, b.p. 120°, results from the 
reduction of pinacolin {q.v.) or tert.-hutyX methyl ketone, (CH 8 )a-C*CO-CH 3 . It 
has a camphor-like odour. (See Ber. 26, R. 14 ; C. 1901, II. 1157 ; comp. 
Tetramethylethylene.) The isomeric ^y-dimethylhutane-^-ol, m.p. — 10*5°, b.p. 

1 1 9°, is prepared from acetone and wopropyl magnesium bromide. It decomposes 
when heated with dilute sulphuric acid into HjO and tetramethylethylene (C. 
1906, II. 1718). 

n-Heptyl alcohol, b.p. 175°, has been prepared from cenanthal (q.v.) by 
reduction, and from n-heptane (Ann. 161, 278). Pentamethylethyl alcohol, m.p. 
-f- 17°, b.p. 131°, has been obtained by various syntheses by moans of magnesium- 
organic compounds (C. 1906, II. 1718). 

n-Octyl alcohol, CaHj^OH, b.p. 199°, occurs as acetic ester in the volatile 
oil of Heradeum spondylium, as butyric ester in the oil of Pastinaca saliva, and 
in the oil of Heradeum gigaiiieum (Ann. 185, 26). It has been obtained artificially 
by several methods, amongst others by the reduction of caprylic ester by sodium 
and alcohol. 

n-Nonyl alcohol occurs as caprylic ester in orange-flower oil (J. pr. Chem. 
[2] 62, 532). 

Hexadecyl alcohol, Cetyl alcohol, Ethal, CjeHga OH, m.p. 49-5°, b.p. 340°, 
is a white, crystalline mass. It was prepared in 1818 by Chevreul from the 
cetyl ester of palmitic acid, the chief ingredient of spermaceti (see Palmitic acid), 
by saponification with alcoholic potassium hydroxide : 

C,.H„0>q ^ C,.H33 0H + CijH^iCOOK. 

'-'16^33 Cetyl. Potassium 

alcohol. palmitatc. 

(Preparation, see J. Ind. Eng. Chem. 9, 1123). 

When fused with potassium hydroxide, it yields palmitic acid (p. 306) : 

Ci 5 H 3 iCH.,OH -f KOH = C 15 H 31 COOK -f 2 H 2 . 

Eicosyl alcohol, C 20 H 41 OH, m.p. 40" (J.C.S. 127, 70). 

Ceryl alcohol, C 26 H 53 OH (or C 27 H 55 OH, Compt. rend. 170, 1326) m.p. 80°. 
The cerotato forms Chinene Wax, which is a waxy mass formed on the Chinese 
Ash, Fraxinus Chinensis, by an insect Corcus conifer us and the alcohol is obtained 
from the ester by fusion with potassium hydroxide. 

Melissyl alcohol, Myricyl alcohol, CgoHgpOH, m.p. 85°, occurs as myricyl 
palmitate in beeswax, from which it is isolated in the same manner as the preced- 
ing compound. Chktride, m.p. 64° ; iodide, m.p. 69-5°. Myricyl iodide and 
metallic sodium give hexacontane, or dimyricyl (Compt. rend. 170, 886 ). 

Montanyl alcohol, C 28 H 57 OH, m.p. 83-5°, Gossypyl alcohol, CaoHgiOH, 
m.p. 85°, and two alcohols, CagHggOH and CggHgBOH, m.pp. 87-87*5° and 
88*5-89°, occur in the wax from American Cotton (J. Text. Inst. 1924, 15, 
337t : Abstr. J.C.S. 128, i, 879). 
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B. UNSATURATED ALCOHOLS 

I. OLEFINE ALCOHOLS. CnHsn-i.OH 

These are derived from the unsaturated olefines, CnHgn, in the 
same manner as the normal alcohols are obtained from their hydro- 
carbons. In addition to the general character of alcohols, they possess 
the property of the olefines to form addition compounds. 

The chief representative of the class is allyl alcohol, CH 2 = 
CH-CHgOH. When oxidized by potassium permanganate, the double 
linkage of the allyl alcohols is severed, and trihydric alcohols — glycerols 
— ^result (Ber. 21 , 3347). 

Vinyl alcohol. CHg : CHOH, separates as a mercury oxychloride compound, 
C 2 H 302 Hg 3 Cl 2 , when ethyl ether, in which it is always present in small amount, 
is treated with an alkaline mercury oxychloride solution (Ber. 22. 2863). It 
is produced simultaneously with hydrogen peroxide when ether is oxidized with 
atmospheric oxygen. It cannot be isolated from its mercury derivative, as all 
reactions which might be expected to produce it yield the isomeric acetaldehyde, 
CHg-CHO. Compounds containing the grouping >C : CHOH tend to change 
to the tautomeric form >CH*CHO (Erlenmeyer sen., Ber. 13, 309 : 14, 320). 
The monohalogenethylenes can be regarded as the halogen derivatives of vinyl 
alcohol. 

Bromovinyl alcohol and the dibromo compomidy CHBr : CHOH and 
CBrg : CHOH, are obtained as acetates by removing bromine from the addition 
product of di- and tribromoacetaldehydes and acetyl bromide by finely divided 
copper (Ber. 45. 645). 

CHBr^CHBr O COCHg y CHBr : CHO COCH3. 

Allyl alcohol [PropenolZl CaH^-OH == CH^ : CH CHa OH.— Allyl 
compounds occur in the vegetable kingdom : allyl sulphide and diallyl 
trisulphide (C. 1892, II. 833), in oil of garlic, and allyl thiocyanate, 
CsHg-NCS, in oil of mustard. It may be prepared (1) by heating 
allyl iodide — which is easily prepared from glycerol — to 100” with 
20 parts water ; (2) it is produced, also, when nascent hydrogen 

acts on acrolein, CH 2 : CH-CHO, and (3) sodium on dichlorhydrin, 
CHgCl-CHCl CHgOH (Ber. 24 , 2670). (4) It is best obtained from 

glycerol by heating the latter with oxalic acid. 

The mechanism of the reaction between glycerol and oxalic acid is 
discussed later, in connection with the preparation of formic acid 
(see p. 282). 

Properties . — Allyl alcohol is a mobile liquid with a pungent odour ; 
it is miscible with water, and burns with a bright flame. Solidifies 
- 50”, b.p. 96-97”, D20 0-854. 

It yields acrolein and acrylic acid when oxidized with silver oxide, 
and only formic acid (no acetic) with chromic acid. Glycerol results 
when potassium permanganate is the oxidant (Ber. 2 1 , 3351 ). Nascent 
hydrogen attacks it with difficulty, as seems to be indicated by its 
formation from acrolein. Boiling with zinc and sulphuric acid (Ber. 7 , 
856), however, or with aluminium and potassium hydroxide solution 
(C. 1899, II. 181), or leading its vapour over finely divided nickel 
(C. 1907, II. 30), causes the formation of n-propyl alcohol ; reduction 
with sodium-ammonium yields propylene (C. 1906, II. 670). Chlorine 
acts partly as an oxidizing, and partly as an additive reagent, giving 
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rise to acrolein and dichlorhydrin (Ber. 24, 2670). When heated to 
150° with potassium hydroxide, formic acid, ri-propyl alcohol, and other 
products are formed. 

AUyl alcohol, when heated with mineral acids, yields propionic 
aldehyde and methyl ethyl acrolein (Ber. 20, R. 699). 

Mercuric salts form compounds with it, which dissolve with diffi - 
culty (Ber. 33, 2692). 


Halogen-ayhatituted allyl alcohols have been obtained from a- and /3-dichloro- 
propylene and /3-dibromopropyleno. 

a-Chlorallyl alcohol, CHa = CCl-CH20H, b.p. 136°. 

^-Chlorallyl alcohol, CHC1=CH-CH20H, b.p. 153°. 

a-Bromallyl alcohol, CH2 = CBr-CH20H, b.p. 152°. 

Sulphuric acid, acting on a-chlorallyl alcohol, produces acetone-alcohol {q.v.)y 
and with a-bromallyl alcohol yields propargyl alcohol (see p. 152). a-Brom- 
allyl alcohol may be prepared from allyl alcohol by a series of reactions, shown 
in the following diagram : 

CHgOH CHaBr CH^Br CH^Br CHgOCOCHs CHjOH 

III II I 

CH CH > CHBr CBr > CBr ^ CBr 

II II I II II II 

CHg CHg CHaBr CH^ CHj CHj 

P- Allyl alcoholy CHa — C(OH)-CH3, is only known in the form of its ether 
(p. 158), The sodium derivative is produced by the action of metallic sodium 
upon acetone (Ann. 278, 116), diluted with anhydrous ether. 

Crotonyl alcohols, C4H,OH. 

Allylcarblnol -OL-Butenol) CHg : CH-CHg-CHgOH, b.p. 113°, is obtained by 
the action of magnesium allyl bromide on trioxymethylene (Compt. rend. 148 , 
849). 

(X-M ethylallyl alcohol -^-Butpnol) CHg : CH-CHOH-CHg, b.p. 97°, is obtained 
by the action of magnesium methyl iodide on acrolein (Ber. 41 , 3621). 

Crotonyl alcohol -<x-Butenol) CHg-CH : CH-CHgOH, b.p. 117-120°, is ob- 
tained by the reduction of crotonaldehyde. 

The higher olefine alcohols are synthetically prepared by means of the zinc 
and magnesium organic compounds (p. 220) ; (1) from ole^e aldehydes and 
zinc alkyls or magnesium alkyl halides (Ber. 37 , 3578 : 41 , 2739: 43 , 1574, 
2330 : 45 , 625 : C. 1908, I. 2225 ; II. 1677) ; or (2) from aldehydes or ketones 
with zinc and allyl iodide (Ber, 17 , R. 316 : 27 , 2434 : Ann. 185 , 151, 175 : 
196 , 109 : J. pr. Chem. [2] 30 , 399 : C. 1901, I. 668, 997 : II. 622 : 1907, I. 
96) or magnesium and allyl bromide (Ber. 42 , 435 : C. 1909, I. 1744 : 1912, 
I. 1441). (3) Many aldehydes aiid ketones, when boiled with acid chlorides, 

especially benzoyl chloride, yield the benzoic ester of the olefine alcohols isomeric 
with the ketones, e.g, CsHji-CH ; CHO-COCgHg from oenanthic aldehyde (p. 238) 
and benzoyl chloride ; C9HioC( ; CH2)0 -0004119 from methyl nonyl ketone and 
valeryl chloride (0. 1903, I. 71.) (4) aj3-olefine carboxylic esters are reduced by 

sodium and alcohol to saturated alcohols (see 4d, p. 131) ; on the other hand, 
carboxylic esters containing a remote olefine group, as in the case of allyl acetic 
acid, oleic acid, undecylic acid ester, etc., yield the corresponding olefine alcohols 
when similarly reduced (0. 1905, 1. 25 : II. 1700). (5) From hydroxyalkylamines 

by exhaustive methylation followed by decomposition of the hydroxyalkyl 
ammonium hydroxide (D.R.P. 233519 : C, 1911, I. 1333). 

Pen tends. 

A'^-p-Pentenoly CHaCH : CH-CHOH-CHj, b.p. 121°, is obtained from croton- 
aldehyde and magnesium methyl iodide. The corresponding hexenol and hept- 
enol are obtained by the use of magnesium ethyl and propyl bromides (Ber. 
39 , 1603). 
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A^-OL-Pentowl, CHj : CH CHg-CHg-CHgOH, b.p. 142°, is obtained by reduction 
of allylacetic ester. 

A^-P-Pentenolj CHg : CH-CHj'CHOH-CHg, b.p. 115°, is obtained from mag- 
nesium allyl bromide and acetaldehyde (Compt. rend. 154, 710). 

Hexenol. DimethylaUylcarhinoly b.p. 119*5°. 

Octenols. Diethylallylcarbinoly b.p. 156°. Methylpropylallylcarbinolf b.p. 
159-160°. 

Nonenol. pi^-Dhnethyl-A^-hepten-p-ol. CMe 2 : CH*[CH2]2CMe20H, b.p. 
79°/10 mm., from geraniol (C. 1898, II. 11). 

J'^-a-Undecenol. CHg : CH-CCH2VCH20H, m.p. -1°, b.p. 133°/13 mm. 
(Helv. Chem. Acta, 9, 1074 : Ber. 55, 2208) and oleyl alcohol (Octadecenol), 
CisHggOH, b.p. 207°/13 mm., are obtained from undecenoic ester and oleic ester 
by reduction. 

Phytol is an alcohol, CgoHagOH, which occurs as ester in chlorophyll (see 
Vol. III). Its constitution has been shown by synthesis to be 

CHMe2*[CH2]3*CHMe*[CH2]3 CHMe*[CH2]3*CMe : CH CHjOH. 

(Aim. 418, 121 : 464, 69 : 475, 183 : c/. J.C.S. 1929, 883). 


2. ALCOHOLS, CnHgn-sOH 

The alcohols of the above general formula comprise (I) alcohols 
containing a triple bond and (II) alcohols containing two double bonds. 
The best known of the former class is propargyl alcohol ; numerous 
representatives of the latter have been prepared synthetically, and 
also occur naturally in various ethereal oils. 


I. Acetylene Alcohols 

Propargyl alcohol [ Propinol-Zl CH • C*rH20H, b.p. 114°, Dgo = 0*9715.— 
This alcohol was obtained by Henry in 1872 (Ber. 5, 569 ; 8, 389) upon treating 
a-bromallyl alcohol (see p. 151) with potassium hydroxide. It is a mobile, 
agreeable-smelling liquid. Like acetylene, it forms an explosive silver compoimd, 
C3H2(OH)Ag, whit-e in colour. The copper salt (C3H20H)2Cu, is a yellow 
precipitate. 

Propargylcarbinol, CH i C*CH2'CH20H, b.p. 133-136°, is obtained from 
^-bromo-J“-8-butenol (C. 1908, II. 32). Methyl- and cthylacctylenylmrhinols, 
CH : C*CHOH R, b.pp, 108° and 125°, *ire obtained by the action of potassium 
hydroxide on the alcohols CHg : CBr*CHOH *K, obtained from a-bromoacrolein 
and the appropriate alkyl magnesium compound (C. 1911, I. 1578). 

Homologous acetylene alcohols result from the action of sodium compounds 
of the alkyl acetylenes on trioxymethylene or other aldehydes (C. 1902, I. 629) : 

RC i CNa + R' CHO = RC i CCH(ONa)R'. 

The acetylene magnesium halides similarly react with aldehydes and ketones 
to form acetylenic alcohols (Bull. [3] 28, 922 : C. 1909, II. 182). 

Tertiary acetylene alcohols are obtained by the action of acetylene on 
the sodium derivative of the enolic forms of ketones {Merling, C. 1914, II. 1370 : 
Ber. 55, 2903 : Ann. 442, 72) : 

CH, C(ONa) : CHg + CH : CH CH 3 C(ONa)Me*C ; CH. 


II. Diolefine Alcohols 

Higher alcohols containing two double bonds are synthetically produced by 
the action of zinc and allyl iodide on esters of fatty acids (Ann. 197, 70). 
Diallylcarbinol, (CHg : CH*CH8),CHOH, b.p. 151°. Diallylmethylcarhinol, 
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(CHg : CH CH 2 ) 2 , C(CH 3 ) 0 H, b.p. 158°. DiallyUthylcarhinoU (CH^ : CH CH 2 ) 2 - 
C(C2H5)0H, b.p. 175°. Diallylpropylcarhinol, (CHg : CH-CH 2 ) 2 C(C 3 H 7 )OH, b.p. 
194° (C. 1901, 1. 997). 

Diolefine alcohols, which can bo converted into terpenes, are of great theo- 
retical interest ; such are geraniol or rhodinol, and linalool. They will be 
discussed under the olefinic terpeno or terpenogen group (Vol. II). 

3. ALCOHOLS, CnHgn-sOH 

Alcohols containing throe double bonds have been obtained by the action 
of zinc and allyl iodide on halogen -fatty esters (C. 1909, I. 268). 

Trlallylcarbinol, (CHg : CH-CH 2 ) 3 COH, b.p. 191", from chloroformic ester, 
zinc and allyliodide. 



ALCOHOL DERIVATIVES 


1. SIMPLE AND MIXED ETHERS 


Ethers are the oxides of the alcohol radicals. If the alcohols are 
compared with basic hydroxides, then the ethers are analogous to the 
metallic oxides. They may be considered also as anhydrides of the 
alcohols, formed by the elimination of water from two molecules of 
alcohol : 


C2H5OH 

C2H5OH 


— H2O = 


C^H 

CgH 


5 

6 


>0. 


Ethers containing two similar alcohol radicals are termed simple 
ethers ; those with different radicals, mixed ethers : 


Ethyl ether, or 
diethyl ether. 


Methyl ethyl 
ether. 


We must make a distinction between the above and the esters 
(formerly referred to as compound ethers), in which both an alcohol 
radical and an acid radical are present — -e.g. : 

Ethyl acetate ; and Ethyl nitrate. 


The properties of these substances are entirely different from those 
of the ethers, and in the following pages they will always be termed 
esters. 

The following are the more important methods of preparing the 
ethers : 

1. The ^hief method of formation consists of the interaction of 
sulphuric acid and alcohols. Alkyl hydrogen sulphates result at first, 
but on further heating with alcohols these are converted into ethers. 
This procedure affords a means of obtaining both simple and mixed 
ethers (Williamson ^ Chancel) : 

+ C,H„OH = 

Ethyl hydrogen Diethyl 

sulphate, ether. 

+ C,H,OH = + H,SO,. 

Methyl hydrogen Methyl ethyl 

sulphate. ether. 

When a mixture of two alcohols reacts with sulphuric acid, three ethers 
are simultaneously formed ; two are simple and one is a mixed ether. Sub- 
sidiary reactions give rise to the production of sulphones and sulphonic acids 
(C. 1897, II. 340 : 1899, II. 30). Other polybasic acids, such as phosphoric, 
arsenic, and boric, behave Uke sulphuric acid. This is also true of hydrochloric 
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acid at 170”, and sulpho-acids — e.,g. benzenesulphonic acid, at 145” {F. Krajft, 
Ber. 26 , 2829). In this reaction ethyl benzenesulphonate is produced and 
breaks down according to the equations : ' 

CeH^SOgH + C2H5OH = CeH.SOaC^Hfi + H^O. 

CeHeSOgCaH, + C.HfiU = CeH^SOgH + {C,}i,),0. 

The dialkyl sulphates and methionates (Ann. 418 , 200) are converted by 
alcohols into ethers much more quickly than the alkyl sulphuric acids (C. 1907, 
I. 702). 

Ethers generally can be obtained in good yield by passing the vapour of the 
alcohol over dried alum at 189-195° (Bull. Soc. Chim. [4] 25 , 565 : 27 , 121). 

2. The action of the alkyl halides on the sodium alcoholates in 
alcoholic solution produces mixed ethers. 

C^Hg ONa + C2H5CI = C2H5 O C2H5 -f- NaCl. 

CaHs-ONa -f CgHyCl = C2H6 O C3H7 4- NaCl. 

Consult Ber. 22, R. 381, 637, upon the velocity of these reactions. 

3. Halogen- substituted ethers yield homologous ethers on reaction 
with zinc or magnesium organic compounds, e.g, bromomethyl amyl 
ether (p. 221) and ethyl magnesium bromide yield amyl propyl ether 
(C. 1904, I. 1195) : 

CfiHnOCHaBr + BrlVIgC^Hg = + MgBr^. 

4. Action of the alkyl halides on metallic oxides, especially silver 
oxide : 

2C2H6I + Ag^O = (C2H,)20 + 2AgI 

This indicates the constitution of the ethers. 

Properties, — Ethers are neutral, volatile (hence the name alBrjQ, 
air) bodies, nearly insoluble in water. The lowest members are gases ; 
the next higher are liquids, and the highest — e.g. cetyl ether — are 
solids. Their boiling points are very much lower than those of the 
corresponding alcohols (Ann. 243, 1). 

Reactions . — Ethers are very indifferent chemically, because all the 
hydrogen is attached to carbon. 

(1) When oxidized they yield the same products as their alcohols. 

(2) They yield esters when heated with concentrated sulphuric 
acid. 

(3) Phosphorus pentachloride converts them into alkyl chlorides : 

C^Hs-OCHg + PCI5 = C2H5CI + CH3CI + POCI3 

(4) The same occurs when they are heated with the halogen acids, 
especiaUy with HI at 100° (C. 1897, II. 408 ; 1901 II. 679) : 

C2H5 O CH3 + 2HI = C2H3I + CH3I 4- HoO. 

In the cold the effect of the HI is to cause decomposition into 
alcohol and iodide, and in the case of mixed methyl alkyl ethers the 
production of methyl iodide and the higher alcohol predominates. If 
the alkyl group is a tertiary one, the tert. -alkyl iodide mainly is pro- 
duced ; but in other cases a mixture of the two possible iodides and 
alcohols results (Ber. 39 , 2569). 

C3H3 O CH3 + HI - CH3I + C2H5OH. 

Zeisel’s method for the estimation of methoxy- and ethoxy-groups 
in a compound depends upon this splitting off of methyl or ethyl 
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iodide when such compounds are heated with concentrated hydriodic 
acid (see p. 11). 

(5) Many ethers, especially those containing secondary and tertiary, 
or unsaturated groups, are broken down into alcohols when heated 
with water or very dilute sulphuric acid at 150° (Ber. 10 , 1903) ; 
€.q. vinyl ethyl ether decomposes into alcohol and aldehyde (Ber. 39, 
1410 footnote). 

(6) Ether combines with many substances to form addition com- 
pounds, as, for example, with magnesium or zinc iodide, magnesium 
alkyl halides (p. 230) producing bodies of the type 2R20-Mgl2, 
RaO-MgIR/, etc. This is due to the formation of a tetravalent 
oxonium oxygen atom {Baeyer and Villiger, Ber. 34 , 2688). 

With benzoyl chloride (Vol. II) the ether magnesium iodide breaks 
up into ethyl iodide, ethyl benzoate and MgClg (C. 1905, I. 1082 : 
Ber. 38, 3665) : 

2(C2Hs)oOMgl2 + 2CeH6COCl = 2 C 2 H 5 I + + MgCl.^. 

A. ETHERS OF THE SATURATED ALCOHOLS 

Methyl ether, (CH 3 ) 20 , is prepared by heating metliyl alcohol with sulphuric 
acid (Ber. 7, 699). It is an agreeable-smelling gas, which may be condensed to a 
liquid at about — 23°. Water dissolves 37 volumes and sulphuric acid upwards 
of 600 volumes of the gas. 

Chlorine converts methyl ether into chloromethyl ether, s 2 /m.-dichloromothyl 
ether, and perchloromothyl ether which partially decomposes on boiling. The 
first two, together with the corresponding bromo- and iodo-compounds, will bo 
treated later as derivatives of formaldehyde. 

Ethyl ether or Ether, (C2H6)20, is by far the most important 
representative of this class of compounds. It has been known for 
a long time. 

History. —Kthyl other and its production from alcohol and sulphuric acid 
w'ere known and described by Valerius Cordus, a Cerman physician, in the six- 
teenth century. Ihitil the beginning of the last century ether was regarded 
as a sulphur-containing body ; hence, to distinguish it from other ethereal com- 
pounds, it was called sjilphurw ether. The ether process, in which a comparatively 
small quantily of sulpliuric acid w’Uo capable of converting a large quantity 
of alcohol into ether, was included in the category of catalytic reactions. The 
explanation of this process constitutes one of the most important advances in 
organic chemistry. 

Ill 1 842, Oerhurdt, from purely theoretical reasons and in opposition to Liebig, 
concluded that the ether molecule did not contain the same number of carbon 
atoms as were present in the alcohol molecule, but twice that number. Ho 
was unable to gain general acceptance for this view. Williamson, in 1850, 
by a new synthesis of ether, proved the correctness of Gorhardt’s conception, 
not only for it, but for ethers in general ; he caused reaction to take place between 
soflium ethoxide and ethyl iodide (p. 164). The formation of ether from alcohol 
and sulphuric acid Williamson explained by a continuous breaking-down and 
re-formation of ethyl sulphuric acid, made possible by the contact of alcohol 
with the acid at 140° (Ann. 77, 37 ; 81, 73). 

Chancel, whom Williamson preceded in publication, had made ether inde- 
pendently, by heating a mixture of potassium ethyl sulphate and potassium 
ethoxide : 



The objection that ether, because of its low boiling* temperature, could not 
contain the double number of carbon atoms in its molecule. Chancel removed 
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by citing the boiling point o£ ethyl acetate (Laurent and Gerhardl, Compt. rend., 
1850, 6 , 369). 

Ethyl alcohol . . . CjHjOH .... b.p. 78°. ’ 

Ether (CjHj)jO .... b.p. 35“. 

Acetic acid .... CHgCOgH . . . b.p. 118°. 

Ethyl acetate . . . CH 3 CO 2 C 2 H 5 . . b.p. 77°. 


Preparation. — Ether is made (1) from ethyl alcohol and sulphuric 
acid heated to 140°. The process is continuous. (2) From benzene- 
sulphonic acid and alcohol at 135-145° (Ber. 26, 2829). 

The advantage in the second method is that the ether is not contaminated 
with sulphur dioxide, which in the first method has to be removed from the 
crude product by washing with a soda solution. Anhydrous ether may be 
obtained by distilling ordinary ether over quiiik-lime, and drying it finally with 
sodium until there is no further evolution of hydrogen. 

Test for Water and Alcohol . — When ether containing water is shaken with an 
equal volume of CSg, a turbidity results. When alcohol is present, the ether, 
on shaking with aniline violet, is coloured ; anhydrous ether does not ac;quire 
a colour when similarly treated. 


Properties. — Ethyl ether is a mobile liquid with a characteristic 
odour. It boils at 34-5° and melts at — 113°, DJJ 0*71994. It dis- 
solves in 10 parts of water and is miscible with alcohol. Many carbon 
compounds insoluble in water, such as the fats and resins, are soluble 
in ether. It is extremely inflammable, burning with a luminous flame. 
Its vapour forms a very explosive mixture with air. When inhaled, 
ether vapour brings about unconsciousness, a property discovered in 
1842 by Charles Jackson, of Boston, and has been used in surgery 
since Morton's employment of it in 1846. Hoffmann's Anodi/ne, 
Spiritus Mihereus (so named after tlie great Halle clinician, who died 
in 1742) is a mixture of 3 parts alcohol and 1 part ether. 

Ether unites with bromine to form peculiar, crystalline addition 
products somewhat like the so-called bromine hydrate ; it combines, 
too, with water, metallic salts, hydroferrocyanic acid, etc. (see above, 
p. 156). 

Vinyl alcohol {q.v.) and hydrogen peroxide are produced in small 
quantity by the action of air on moist ether. By the slow com- 
bustion of ether, formaldehyde peroxide HOCHgO-OCHoOH is pro- 
duced (Ber. 29, K. 840 : cj. Ber. 38, 1409). Wtien ozone is passed 
into anhydrous ether an explosive peroxide is formed. With water 
and sulphuric acid at 180°, ether is broken down again to ethyl alcohol. 

Halogen derivatives of ethyl ether . — Chlorine acts on c'ooled ether to produce 
the following substitution products: (Ann. 279, 301): 

Monoehloroether, CH 3 *CHC 1 * 0 *C 2 H 5 , b.p. 98". 

aj3-Dichloroether, CH^Cl CHCl O-CjHs, b.p. 145°. 

Trichloroether, (CHCl.yCHCl-O-CaHg, b.p. 170-175° (C. 1904, I. 920). 

Perchloroether, ( 02015 ) 20 , m.p. 08°. 

The last of these, perchloroether, breaks down on distillation into hexachloro- 
ethane and trichloroacetyl chloride. 

The a-halogen derivatives of the general type CH 3 CHX-O C 2 H 5 are described 
later, with the aldehyde alcoholates, and the -derivatives CHgX-CHg-O-CjHg 
are the ethers of the glycol halogenohydrins. 
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Homologous ethers. 

The following table contains the melting and boiling points of the better- 
known simple and mixed ethers : 


Methyl ethyl ether . 

b.p. 11° 

Methyl n-propyl ether . 

b.p. 37' 

Methyl tort.-hutyl ether 

b.p. 54° 

Methyl VBopropyl ether . 

b.p. 32' 

n-Propyl ether . 

b.p. 90° 

vBoPropyl ether . . . . 

b.p. 70' 

Ethyl tert. -butyl ether . 

b.p. 70° 

\BoPropyl tevt. -butyl ether . 

b.p. 75' 


Amyl ether . . . b.p. 160° Cetyl ether 300° 

The majority of these others are produced by the interaction of alkyl halides 
and sodium alcoholates (C. 1903, I. 119 : 1904, I. 1065) ; n-propyl ether is formed 
from propyl alcohol and ferric chloride, at 145-155° (C. 1904, II. 18). Methyl 
tert.-awy/ ether, (OH 3 ) 2 C(OCH 3 )-CH 2 CH 3 , b.p. 86 °, is prepared from trimethyl 
ethylene by heating it with methyl alcohol and iodomethane (C. 1907, I. 1125). 

B. ETHERS OF UNSATURATED ALCOHOLS 

It was explained, when discussing the unsaturated alcohols (p. 150), that the 
members of that series in which hydroxyl was combined with a doubly linked 
carbon atom readily rearranged themselves into aldehydes or ketones, and were 
only known in their derivatives, especially as ethers. Thus : 

Vinyl ether, (CH 2 = CH) 20 , b.p. 39°, may be obtained from vinyl sulphide 
(p. 173) and silver oxide. Perchhrovinyl ether, Chloroxethoae (CCl 2 ==CCl) 20 , 
is formed from perchloroethyl other (above) and KgS. Vinyl ethyl ether, b.p. 
35*5°, results from the interaction of iodoethyl ether and sodium ethoxide ; 
also from acetal by PgOg and quinoline (Ber. 31 , 1021). It has been obtained 
recently by passing acetylene into a mixture of alcohol and sulphuric acid at 0 ° 
(C. 1921, II. 645). 

OL^’Dichlorovinyl ethyl ether, CHCl : CChOEt, b.p. 128°, from trichloroethylene 
and sodium ethylate, yields, when heated with water containing some HCl, ethyl 
chloroacetate (J.C.S. 117 , 691) : the products obtained by the addition of 
hydrogen chloride or chlorine to this ether break down on distillation into chloro- 
acetyl and dichloroacetyl chlorides respectively (Chem. Ztg. 35 , 1053). j8j3- 
DiMorovinyl ethyl ether, CCJg : CH*OEt, b.p. 145°, from tetrachloroethyl ether 
(p. 244) and zinc, passes by uptake of oxygen into ethoxychloroacetyl chloride, 
EtOCHCl-COCl (J.A.C.S. 31 , 412, 596). Dibromovinyl ethyl ether, b.p. 169°, is 
oxidized by nitric acid to dibromoacetic ester (Ann. 298 , 334 : Ber. 46 , 143). 
iBoPropenyl ethyl ether, CH 8 C(OC 2 H 5 ) = CH 2 , b.p. 62-63°, is formed from pro- 
penyl bromide and alcoholic potassium hydroxide, and from ethoxycrotonic acid 
(Ber. 29 , 1005). The homologues of /3-alkoxyacrylic acid also easily part with 
COg and yield the homologous alkoxycthylenes, RC-(OC 2 H 5 ) : CHR' ; these all 
yield ketones and alcohols when hydrolys^ with dilute acids (C. 1904, I. 719 : 
Ber. 39 , 1410 footnote). 

Allyl ether, (CH 2 = CH*CH 2 ) 20 , b.p. 85° ; Ethyl -butenyl ether, CHg : CH- 
CHg-CHg'OEt, b.p 90° (Compt. rend. 150 , 1056). 

Propargyl ethyl ether, CH ^C CHg-O-CHg-CHa, b.p. 80°. 

ALKYL HYDROGEN AND DIALKYL PEROXIDES 

The alkyl hydrogen peroxides and the dialkyl peroxides stand in the same 
relation to hydrogen peroxide, as the monohydric alcohols and the ethers do to 


water : 

HO 

1 

C.H5O 

1 

C2H3O 


1 

HO 

1 

HO 

j 

C,H ,0 


Hydrogen 

Ethyl hydrogen 

Diethyl 


peroxide. 

peroxide. 

peroxide. 


Ethyl hydrogen peroxide and diethyl peroxide are the only members which 
have b^n closely studied. They result from the interaction of diethyl sulphate 
and a 12 per cent, solution of hydrogen peroxide, and the subsequent slow addi- 
tion of potassium hydroxide solution during continuous shaking. An excess of 
hydrogen peroxide favours the production of ethyl hydrogen peroxide {Baeyer 
and VUliger, Ber. 34, 738). 

Ethyl hydrogen peroxide, CgHjO'OH, is a colourless liquid, which can be dis- 
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tilled without decomposition, between 26° and 47° at 100 mm. pressure. It is 
miscible with water, alcohol, and ether, and can be separated out from its aqueous 
solution by the addition of ammonium sulphate and potassium carbopate. Its 
odour is that of bleaching powder and acetaldehyde together. A drop of the con- 
centrated solution on the skin causes inflammation. When rapidly heated, it 
detonates, and a strong explosion occurs when it is brought into contact with 
very finely divided silver. Acyl derivatives of hydrogen peroxide result from 
intereujtion with carboxylic anhydrides. Tertiary bases are oxidized to amine 
oxides by ethyl hydroperoxide. 

Barium salty (C2H500)2Ba 4- 2H2O, is formed by dissolving barium hydroxide 
in an aqueous solution of ethyl hydrogen peroxide. It crystallizes as a leafy 
mass. 

Diethyl peroxidcy CH3CH2 O O CH2CH3, b.p. 66°, Dj® = 0-8273. It is slightly 
soluble in water, but soluble in alcohol and ether. On contact with a thermometer 
heated to 250° it bums rapidly but without noise. If the liquid, in a CO2 atmo- 
sphere, is approached by a heated copper wire which is then removed, it disappears 
very quickly without generation of light or boiling ; this phenomenon is looked on 
as being a slow explosion. The products of combustion consist of formaldehyde 
and CO, together with some ethane. 


2. ESTERS OF THE MINERAL ACIDS 


If we compare the alcohols with the metallic bases, the esters or 
compound ethers (p. 154) are perfectly analogous in constitution to 
the salts. Just as salts result from the union of metallic hydroxides 
with acids, so esters are formed by the combination of alcohols with 
acids, water being formed in both reactions : 

NaOH + HCl = NaCl + H2O. 

CaHsOH 4 HCl = + H2O. 

The haloid esters correspond to the haloid salts ; they may also be 
regarded as monohalogen substitution products of the hydrocarbons 
(p. 120). Corresponding with the oxygen salts are the esters of other 
acids, which, therefore, may be viewed as derivatives of the alcohols, 
in which the alcohol-hydrogen has been replaced by acid radicals, or as 
derivatives of the acids, in which the hydrogen replaceable by metals 
has been substituted by alcohol radicals. The haloid esters are in- 
cluded in the last definition of esters. 

In polybasic acids all the hydrogen atoms can be replaced by 
alcoholic radicals, whereby neutral esters are produced. When all 
the hydrogen atoms are not replaced by alcoholic radicals, alkyl 
hydrogen esters are formed, which stiU possess the acid character. 
They form salts, hence are termed ester acids, and correspond with 
acid salts : 


Potassium sulphate. 


Potassium hydrogen 
sulphate. 


Ethyl sulphate. 


SO 


-0-C2H 


^■^OH 


5 


Ethyl hydrogen 
sulphate. 


Dibasic acids thus form two series of salts and esters, whilst with 
tribasic acids there are three series of salts and esters. 

In the case of the polyhydric alcohols there are, besides the neutral 
esters, also basic esters, corresponding with the basic salts, in which 
not all of the hydroxyl groups are esterified. 
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Forrmtian of KMers.-{l) The eetere o*o be proiwred by direct 
combination of alcohols and acids, when watw is also produced : 

Aktiliol + Acid 5=r± E*l«r + Water. 

This rtiaction is the classical example for the study of the Law 
of Miws Action. The change is never TOmpleted in the direction 
left right, but an equilibrium is reachra, characteristic for each 
alcohol-acid inixtuit'. and the same equilibrium is attained no matter 
whether we start with an equivalent mixture of alcohol and acid or 
with one of ester and water. If one of the products can be removed 
from the reacting mixture, then the change can go on to completion 

(see p. 310). , . . . . 

When acted on by alcohols, the polybasic acids mostly yield the 

alkyl hydrogen esters. 

(2) By reac'ting on the silver or alkali salts of the acids with 
alkvl halides ; 

Xt), 0 .\g r f.H.I - XO. O C.H. k Agl. 

(3) By acting on the alcohols or metallic alcoholates with acid 

chlorides : 

2C,H, OH r vS(),('l, - .St), + 2Ha. 

3C,Hj OH - HCI, = B(0-t’,U,)’, -t* 3HCI. 

Properties. — The neutral esters are insoluble, or soluble with diffi- 
culty in water, and almost all are volatile ; therefore the determina- 
tion of their vapour density is a convenient means of establishing the 
molecular magnitude and also the baaicity of the acids. The ester 
acids are not volatile, but are soluble in water and yield salts with 
the bases. 

All esters, and especially the ester-acids, are decomposed into 
alcohols and acids (p. 13U) when heated with water. Sodium and 
potassium hydroxides, in aqueous or alcoholic solution, accomplish 
this with great readiness when heated. This process is termed saponi- 
fication because the soaps — i.e, the |x>tassiuin and sodium salts of the 
higher fatty acids (g.v.) — are obtained by this reaction from the fats, 
the glycerol esters ; 

NO, () r KOll f N(),OK. 

A more general term for this {iroeess is hydrolysis. 

A. I. ALKYL ESTERS OF THE HALOGEN ACIDS. ALKYL 

HALIDES 

It was pointed out under the halogen substitution products of the 
paraffins and the unsalurated ai vf lif li vdrfxytrbons that the wiowo- 
substitution pnKlucts, or alhijl lutluUs^ were? mostly prc*pared froiii 
the alcf^liols. As haloid e.ster.-, of the alcohols they arc discMissed 
with the alkyl crters of the inorganic oxygen acids. 

The vjfw that the half^g^'fi df-nvativi^ C.H,. , ,X aro parafTiri subBtitutioi 

jji oducis is in iIm* nai<if*H ch It jrtK'f thane, etc., ^ 

th(f doHiffiiaiKjft rntfthyJ t hlondf, rthyl t hltmtltf. iftc., for iho nionohalng<’*^ 
Htilutioii d(jrivuti\ CH <tt incltiojiv and murk tliuuo ifubaUiiices us la 

ci^U;rH of iho alctdufln, corroHpomiing wjth thi? juutallic 

Forifuition. and Pn ixiraliwt. — ( 1 ) By the substilulum of the paraffins 
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The condition* favoaring the rabstitution of the hydrogen atoms of 
the paraflSnB by halogen atoms have been mentioned under the general 
methods for the preparation of halogen substitution products. The 
substitution reaction is not well adapted for the preparation of alkylo- 
gens, because mixtures of compounds are invariably produced, and 
among the higher niembers of the series' isomers are formed. This 
is because the chlorine replaces the hydrogen both of terminal and 
intermediate carbon atoms (Ber. 39, 2153). Thus normal pentane, 
CH,CH,-CH,-CH,-CH, yields CH,-CH, CHCI CH, CH, and 

CH ,CH jCHjCHjCHgCI, " 
and 8uch mixtures are separated with great difficulty. 

(2) By the addition of halogen acids to ih^ okfines.— In this addition, 
whi(;h occurs with especial ease with hydriodic acid, the halogen atom,' 
in general, attaches itself to the carbon atom carrying the least 
number of hydrogen atoms (p. 106) : 

CH,CH-CH, CHj-CHl CHj. 




In the case of propylene and hydriodic acid, some n-propyl iodide 
is also formed (Michael^ I3er. 39, 2138). 

(3) From alcohols (a) by the action of halogen acids , — This reaction 
does not take place to completion unless the halogen acid is present 
in great excess, or the water formed simultaneously with the alkyl 
halide is removed by a dehydrating agent such as sulphuric acid or 
zinc chloride. The addition of dehydrating agents is not entirely 
safe with higher alcohols, as olefines are formed in the reaction, and 
combine with the halogen acid to give a halogen derivative isomeric 
with that expected. Tertiary alcohols are readily converted into their 
chlorides by hydrochloric acid. 

In the case of hydriodic acid, the reducing character of the reagent 
has to be consider^. If this acid is present in excess the products 
from various polyhydric alcohols are alkyl iodides (usually sec. -alkyl 
iodides), c.g. ; 

C.HJOH), -f 3HI = C,H,I + I2 + 2H,0. 

C,H5(0H), + r>HI - C3H-I 4- 2I2 4^ 3H^O. 

C^H^(OH), -{- 7HI - C,H,I 4- 3 h -f 

C,H3(0H), 4- HHI = C3H13I 4- 5I3 4- 

(6) By the action of phosphorus halides, — If, for example, ethyl 
alcohol be treated with PCI3, PBrg, or PI3, two possibilities arise : 
either a halogen acid and ethyl ester of phosphorous acid are produced, 
or an ethyl halide and phosphorous acid. The latter reaction occurs 
when PBrg and PI 3 are used, and this method is adopted almost 
exclusively in the preparation of the alkyl bromides and iodides (see 
ethyl bromide and ethyl iodide) : 


•3 4- aCjHfiOH = aC^HfiBr 4 - H3PO3, 
34- 3C3H3OH = aCgHsi + H3PO3. 


(BI3 acts analogously on ethyl alcohol, Ber. 24, R. 387.) The for- 
mation of esters of phosphorous acid by the use of PBrg and PI 3 is 
far from satisfactory. PClg, on the other hand, yields phosphorous 
VOL. I. ^ 
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esters and hydrochloric acid almost entirely according to the equation 
(C. 1905, II. 1664 ; see p. 170) : 

PCI3 + 3C2H5OH P( 0 H)( 0 C 2 H 5)2 + C^H.Cl + HCl. 

The chlorides are readily formed if PClg be substituted for PCI a : 

PClfi + C^HsOil = CjHgCl + HCl + POCI3. 

(c) By the action of thionyl chloride or thionyl bromide, in the presence 
of tertiary bases such as pyridine or dimethylaniline (Compt. rend. 
152 , 1314) : 

+ SOCI3 + C^H.N C3H11CI + SO3 + C,H5N HCI. 

(4) From alkyl sulphates and alkylsulphuric acids and metallic 
halides. — Thus ethyl bromide is obtained from ethylsulphuric acid 
and potassium bromide, or more simply from a mixture of ethyl 
alcohol, sulphuric acid and potassium bromide. Similarly, methyl 
and ethyl sulphates react with alkali iodides in aqueous solution to 
yield the corresponding alkyl iodide. 

(5) From amines. — The corresponding primary and secondary 
amines can be converted into alkyl halides by treating their benzoyl 
derivatives with phosphorus pentachloride or pentabromide, and dis- 
tilling the benzamido- or benzimido-halide so formed (Ber. 44, 1464) ; 

R.NHg > CeHsCO NHR ^ CeH^CCl : NR ^ CeH^CN + RCl. 

(6) Interconversion of alkyl halides. — {a) Bromides and iodides can 
be transformed into chlorides by heating them with HgClg : 

2C3H,I -f- HgCh = 2C3H7CI + Hgl^. 

(6) When chlorides are heated with AlBrg or Allg or Caig they 
become converted into bromides or iodides (Ber. 14 , 1709 : 16 , 392 : 
19 , R. 166) : 

SCgHgCl -h AlBrg = SCgHgBr + AlClg. 

(c) Methyl and ethyl iodides yield with AgF the gaseous com- 
pounds methyl fluoride, CHgF, and ethyl fluoride, CgHgF, which have 
an agreeable, ethereal odour, and do not attack glass (Ber. 22, R. 267). 

(d) Chlorides and bromides are partly converted into iodides by 
heating with sodium iodide in acetone solution (Ber. 43, 1528). 

(e) Alkyl iodides are obtained from magnesium alkyl chlorides or 
bromides by the action of iodine (C. 1903, 1. 318) : 

R-MgCl + I2 R I -1- MgClI. 

Isomerism. — Propane is the first hydrocarbon capable of yielding 
isomers (p. 35). The isomerism depends on the varying position 
of the hydrogen atoms in the same carbon chain, and from butane 
forward it also depends on the different linkage of the carbon atoms 
forming the carbon skeleton (see table, p. 163). 

Properties and Reactions. — ^The alkyl halides are ethereal, agree- 
able, sweet-smeUing liquids. They are scarcely soluble in water, but 
dissolve with ease in alcohol and ether. The lower members are gases 
at the ordinary temperature — e.g. methyl chloride, ethyl chloride, and 
methyl bromide. The chlorides boil 28-20° lower than the bromides, 
and the latter from 34-28° lower than the corresponding iodides 
(p. 163). The differences grow less with increasing molecular weight. 
Ab in the case of the parafidns, here also, where isomers exist, the 
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normal members have the highest boiling points ; the more branched 
the carbon chain, the lower will the boiling point lie. 

The alkyl halides differ from the metallic halides, to which in 
some ways they may be compared, in having the halogen linked by 
a covalency and not an electro valency (see p. 30) and therefore do 
not react instantaneously with silver nitrate like the metallic halides. 
Of the alkyl halides, the iodides are the most reactive. The principal 
use of the alkyl halides is to introduce alkyl groups into organic 
molecules, generally by allowing them to act on metallic derivatives, 
when the metal is replaced by the alkyl group. 

The reactions are of two main types, (1) where the entering alkyl 
group becomes directly attached to a carbon atom and thereby the 
carbon nucleus of the compound is altered and (2) where the alkyl 
group becomes attached to some element other than carbon. 

Examples of type (1) are given by the reaction which takes place 
between an alkyl halide and the sodium derivative of malonic ester 
(q.v.) : 

R-I + CHNa(C 02 Et)s >- Nal + CHR(C 02 Et )2 

and of type (2) in the reactions by which mercaptans and amines 
are formed : 

R-Br + KSH R-SH + KBr 

Mercaptan. 

R-Cl -f NH 3 R-NHg, HCl. 

They react under appropriate conditions with certain metals, such 
as zinc and magnesium with the formation of organometallic com- 
pounds (see p. 219) : with the alkali metals, halogen is removed, and 
two alkyl groups join together to produce a hydrocarbon (see p. 96). 

The following table gives the boiling points of the more important alkyl 
halides at atmospheric pressure ; 


Had leal. 

Formula. 

I Chloride 
j b.p. 

Bromide ' 
b.p. 1 

Iodide 

b.p. 

Methyl 

CHa- 

24° 

+ 4’5° I 

43° 

Ethyl 

CjH,- 

l-h 12-5° 

38° 

72° 

ri-Propyl 


440 

71" ! 

102 ° 

i^oPropy] 

(CH3)jCH- 


58-9“ 1 

89-5° 

n-Butyl 

CH3(CH,)3* 

7 7 -5° * 

100-4“ j 

1290° 

'isoButyl 

(CH3)2-CH-CHo- 

08-5“ 

92° 

120 ° 

5 ec.-Butyl 

c;3H3CH(ch,)- 

— 


120 ° 

-Butyl 

(CH 3 ) 3 C- 

51-5' 

1 

74° 

103-3° 

/t-Amyl 

CH 3 -(CH 3 ),. 

100 “ ' 

129° 

155° 

■i^oAmyl 

(CHs)2CHCHoCH., 

100 ° ; 

120 ° 

148° 

Diethylcarbinyl .... 


— 

1 

1 

145° 

Methylpropylcarbinyl . 

CsH^-CHlCHa)- 

104° 

113° 1 

144° 

MethyU«opropylcarbinyl 

(CH 8 ) 2 CHCH(CH 3 )- 

91° 

115° ! 

138° 

Dimethylethylcarbinyl . 

C,H 3 .C(CH 3 ) 3 . 

80° 

100 ° I 

127° 

n-Hexyl 

CHgiCH^)^. 

133° j 

155° 

170° 

n-Heptyl 

CH3-(CH3)o. 

159° ' 

178° 

203° 

?i-Octyl 

CHsCCH*),. 

180° 

199° 1 

225° 



m.p. 1 

m.p. 

m.p. 

Cetyl 


— i 

15° 

22° 

Mvricvl 

1 CanRai* 

64° 

— 

70° 
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Methyl fluoride, Fluorometh^ine, CHgF, b.p. — 78°, is obtained according 
to method 6 (r) (p. 162) or by heating tetramethylammonium fluoride (C. 1904, 
II. 1281). 

Methyl chloride, Chloromethaney CH3CI, m.p. •— 103° (Ber. 33, 638), is 
obtained from methane or methyl alcohol. It is a sweet -smelling gas. Alcohol 
will dissolve 35 volumes of it, and water 4 volumes. 

It is prepared by heating a mixture of 1 part methyl alcohol (wood spirit), 
2 parts sodium chloride, and 3 parts sulphuric acid. A better plan is to conduct 
HCl into boiling methyl alcohol in the presence of zinc chloride (J part). The 
disengaged gas is washed with KOH, and dried by means of sulphuric acid. Com- 
mercial methyl chloride is obtained by heating trimethylamine hydrochloride, 
N(CH 3)3 HC1, and is usually supplied in a compressed condition. It was formerly 
employed in the manufacture of the aniline dyes, and in producing cold. 

Ethyl chloride, Chloroethaney C 2 H 5 Cl,b.p. 12*5°, Dq = 0-921. It is prepared 
from ethyl alcohol in the same manner that methyl chloride is obtained from 
its alcohol. Its formation from “ ethyl hydride ” or dimethyl by means of 
chlorine is important from a theoretical standpoint. 

It is an ethereal liquid, miscible with alcohol, and but sparingly soluble in 
wat-er ; it is used as an ansesthetic. 

If heated with water at 100° in a sealed tube, it changes to ethyl alcohol, a 
conversion which is accelerated by potassimn hydroxide. In diffused sunlight, 
chlorine acts upon it to form ethylidene chloride, CHg-CHClg, and other sub- 
stitution products. Chlorine, in the presence of iron, converts chloroethane into 
ethylene chloride. 

Methyl bromide, Brornomethaney CHaBr, b.p. -f 4-5' , 1 73 (Ber. 38, 1865). 

Ethyl bromide, Broynoethaney CaHgBr, b.p. 39° ; Dja — 1-47. It is pre- 
pared from potassimn bromide and ethyl sulphuric acid (p. 168). It is used as a 
narcotic. 

Propyl bromide, cc-Broniopropaney CaH^Br, b.p. 71° ; D 20 — 1-3520, is pre- 
pared from the normal alcohol (C. 1906, II. 1042). 

«5oPropyl bromide, ^-Bromopropayiey C 3 H 7 Br, b.p. 59-5° ; D 30 — 1-3097, is 
obtained from its corresponding alcohol. It is most conveniently prepared by 
the action of bromine on isopropyl iodide (Ber. 15, 1904). On boiling with 
aluminimn bromide, or by heating to 250°, normal propyl bromide is partially 
converted into isopropyl bromide (Ber. 16, 391). Similarly, isobutyl bromide, 
MegCH-CHgBr, undergoes partial change on heating witli formation of tcri. -butyl 
bromide, MegCBr CHa : this reaction is reversible, and the tertiary bromide at 
240° is converted to the extent of 25% into the primary bromide. The obvious 
interpretation of these changes is to presume a primary decomposition of the 
bromide into hydrogen bromide and an olefine, with subsequent recombination 
according to the general rule ; the change takes place, however, at a temperature 
at which no such dissociation is observed (Ann. 379, 263 : 393, 81) and the 
assumption that the change is n icai intramolecular reaction is supported by 
the change of chloro- aiid bromo-tetramethylmethane on distillation into the 
fcrt.-amyl halide, with migration of a methyl group, 

(CH 8 ) 3 C*CH 2 Br (CH 8 ) 2 CBr-CH 3 CH 3 - 

(Ann. Chim. Phys. [ 6 ] 29, 359: [ 8 ] 21, 341). 

On exposure to the air the iodides soon become discoloured by liberation 
of iodine. The iodides of the secondary and tertiary alcohols are easily converted 
by heat into alkylenes, CnHgn, and HI. Consult Ann. 243, 30, upon the specific 
volumes of the iodo -alkyls. 

Methyl iodide, lodoynethancy CHgl, b.p. 43° ; Dq 2-19, is prepared from 
methyl alcohol, iodine, and phosphorus, or from dimethyl sulphate and potas- 
sium iodide in aqueous solution (C. 1906, II. 1589). It is a heavy, sweet -smelling 
hquid, and unites with H^O to form a crystalline hydrate, 2CH8I -f HgO, and 
with methyl alcohol to form a compound, 3CH81 H- CH 3 OH, b.p. 40°, without 
decomposition (C. 1901, II. 179). 

At low temperatures the alkyl iodides take up chlorine, forming extremely 
easily decomposable iodochlorides : 

Methyl iodochloridey CH3ICI2, m.p. — 28°, consists of yellow crystals. It 
decomposes into iodine chloride and chloromethane (Ber. 38, 2842). 

Ethyl iodide, lodoethanoy CgHsI, m.p. — 113°, b.p. 72°, Dq = 1-975, was 
discovered by Gay-Lussac in 1815. It is prepared from alcohol, iodine and 
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phosphorus ; or from diethyl sulphate with potassium iodide solution (C. 1906, 
II. 1589). It is a colourless, strongly refracting liquid. 

Propyl iodide, C3H7I, b.p. 102°, Dg© 1*7427, from propyl alcohol. 

7'5oPropyl iodide, C3H7I, b.p. 89*5°, Dg© = 1*7033, is prepared from isopropyl 
alcohol, propylene glycol, C 3 Ha(OH) 2 , or from propylene, and, most conveniently, 
by distilling a mixture of glycerol, amorphous phosphorus, and iodine (Ann. 
138, 364) ; 

C3H3(0H)3 + 5 HI = C3H7I + 2I2 + 3H2O. 

Here allyl iodide, CH 2 = CH — CHgl, is first produced (see below), which is 
further changed to propylene, CHg^CH — CH3, and ^opropyl iodide. 

Amyl halides, see Ann. 385, 274. 


II. HALOGEN ESTERS OF THE UNSATURATED ALCOHOLS 

The most important unsaturated halides are the allyl halides and the 
propargyl halides. The former are prepared from allyl alcohol by methods 
similar to those employed for the preparation of the corresponding compounds 
from ethyl alcohol. They are isomeric with the and a-halogeno-propylenes 
(p. 124), from which they are distinguished by their adaptability for double 
decompositions : 


i 

Formula, 

Boilin" Point. 

Sj». Gravity. 

Allyl fluoride . . . . i 

CH2-CH-CH2F 

- 10° 


Allyl chloride .... 

CH2=CH*CH2C1 

1 46° 

0-9379 (20°) 

Allyl bromide . . . . ' 

CH2 = CH-CH2Br 

71° 

1-461 (0°) 

Allyl iodide 

CH2=CHCH2l 

101° 

1 

1-789 (16°) 


The allyl halides are liquids with leek-like odour. Allyl chloride, heated to 
100° with HCl, yields propylene chloride, CHaCHCl*CH 2 Cl. Allyl bromide, heated 
to 100° with HBr, passes into trimethylene bromide, CHgBr'CHg-CHgBr. The 
addition of halogens produces glycerol trihaloid esters. 

Allyl iodide. — This is readily prepared from glycerol by the action of HI, 
or iodine and phosphorus. It may be supposed that at first CHgl'CHI'CHal 
forms, but is subsequently decomposed into allyl iodide and iodine. (Prepara- 
tion : Ann. 185 , 191 : 226 , 206.) With excess of HI or phosphorus iodide, 
allyl iodide is further converted into propylene and t,9opropyl iodide (see above). 

By continued shaking of allyl iodide in alcoholic solution with mercury, 
CaHftHgl separates in colourless leaflets (see mercury ethyl). Iodine liberates 
pure allyl iodide from this : 

CaHsHgl f- I2 = C3H3H- Hgl2. 

Alcoholic potassium hydroxide converts allyl iodide into allyl ethyl ether. 
With potassium sulphide it yields allyl sulphide (p. 173) ; with potassium thio- 
cyanate, allyl thiocyanate, which passes readily into allyl mustard oil {q.v.). Allyl 
iodide has also been used in the synthesis of unsaturated alcohols. 


Name 


Formula. 


Boilin;^ 

Point. 


Sp. (iravity. 


Propargyl chloride (Ber. 8, 398) 
Propargyl bromide (Ber. 7 , 761) 
Propargyl iodide (Ber. 17 , 1132) 


CH^C-CHoCl 
CH ^C‘Cn.,Br 
CH^C’CHJ 


65" 1-0454 (5°) 

89° 1*5200 (20°) 

115° 2-0177 (0°) 


Propargyl chloride is produced when phosphorus trichloride acts on propargyl 
alcohol. 


B. ESTERS OF NITRIC ACID 

These are prepared by the interaction of alcohols and nitric acid 
(C. 1903, II. 338). Nitrous acid is always produced, as a consequence 



166 


ORGANIC CHEMISTRY 


of secondary reactions oxidizing and may be destroyed by the 
addition of urea : 

COCNHjj)* + 2HNOg =- COj, + 2N* + SHsO. 

When much nitrous acid is present, it induces the decomposition 
of the nitric acid ester, and causes explosions. 

Methyl nitrate, b.p. 60° ; Djo = 1-182. When struck or heated to 160° 
it explodes very violently. 

Ethyl nitrate, CgHg-O-KOg, b.p. 86° ; == 1-112, is a colourless, pleasant- 

smelling liquid. It is almost insoluble in water, and bums with a white light. 
It will explode if suddenly exposed to a high temperature. Heated with am- 
monia, it passes into ethylamine nitrate. Tin and hydrochloric acid convert 
it into hydroxylamine. 

By the action of hydroxylamine on ethyl nitrate in the presence of sodium 
ethoxide, the sodium salt of nitrohydroxamic acid is obtained. (Angeli) 

EtONOj -f NHaOH EtOH -f HOON : NOH. 

Ethyl nitrate is much used for the purpose of introducing nitro groups into 
compounds containing a reactive methylene group. 

Propyl nitrate, CgH^O-NOg (Ber. 14, 421), b.p. 110° ; isopropyl nitrate^ b.p. 
101-102° ; iBobutyl nitrate, b.p. 123° ; isoamyl nitrate, b.p. 148° ; n-octyl nitrate, 
b.p. 110°/20mm.; myristyl nitrate, b.p. 176-180°/12 mm. 


C. ESTERS OF NITROUS ACID 

These are isomeric with the nitro-paraffins. The group NO 2 is 
present in both ; whilst, however, in the nitro-compounds nitrogen 
is combined with carbon, in the esters the union is effected by oxygen : 

C2H5NO2 O^Hg-O-NO. 

Nltro-ethanc. Ethyl nitrite. 

The nitrous esters, as might be inferred from their different struc- 
ture, decompose into alcohols and nitrous acid when acted on by 
alkalis. Similar treatment will not decompose the nitro-compounds. 
Nascent hydrogen (tin and hydrochloric acid) converts the latter into 
amines, whilst the esters are hydrolysed. 

Esters of nitrous aeid are produced in (1) the action of nitrous acid on the 
alcohols in dilute eiqueous solution (Ber. 34, 765) ; (2) by the action of alkyl 
iodides on silver nitrite (Ber. 25, R. 571) nitro-paraffins of much higher boiling 
point being simultaneously produced, (3) by the introduction of nitrosyl chloride 
into a pyridine solution of the alcohol (C. 1903, II. 339). 

Methyl nitrite, CH3-O-NO, b.p. — 12°. 

Ethyl nitrite, CgHg-O-NO, b.p. 16°, = 0-947, is obtained by the action 

of sulphuric acid and potassium nitrite on alcohol (Ann. 253, 261, footnote). 
It is a mobile, yellowish liquid. It is insoluble in water, and possesses an odour 
resembling that of apples. It is the active ingredient of spiritua eetheria nitroai. 

When ethyl nitrite stands in contact with water it gradually decomposes, 
nitrogen oxide being evolved ; an explosion may occur under some conditions. 
Hydrogen sulphide changes it into alcohol and ammonia. 

n-Butyl nitrite, C4H3-0-N0, b.p. 76°, aec.-butyl nitrite, b.p. 68°, ter^.-butyl 
nitrite, b.p. 77°. 

i«oAmyl nitrite, CgHnO-NO, b.p. 96° ; D = 0-902, is obtained by passing 
nitrous fmnes into amyl alcohol at 100°. It is a yellow liquid. An explosion 
takes place when the vapours are heated to 250°. Nascent hydrogen changes 
it into amyl alcohol and ammonia. Heated with methyl alcohol, it is transformed 
into methyl nitrite and amyl alcohol ; ethyl alcohol behaves analogously (Ber. 
20 , 666 ). 
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Amyl nitrite, “ Amylium nitroaum'^ is used in medicine, and also for the 
preparation of nitroso- and diazo-compounds. 
n-Octyl nitrite, b.p. 176° (C. 1903, 11. 339). 

Note. — Diazoethoxan, C2H5O— N=N — OCgHg, results from the interaction 
of iodoethane and nitrosyl silver (NOAg)-. It is the ester of hyponitrous acid 
(Ber. 11 , 1630). 


D. ESTERS OF SULPHURIC ACID 

1. The normal, or dialkyl esters are prepared (1) by the inter- 
action of alkyl iodides and silver sulphate ; (2) from chlorosulphonic 
esters or sulphuryl chloride and sodium alcoholate, together with by- 
products (C. 1903, II. 936). They result (3), in small quantities, by 
heating ethyl hydrogen sulphate alone, or the alcohol with sulphuric 
acid, and can be extracted from the reaction products by chloroform. 
A better method is to pass methyl ether into H2SO4 at 160° (C. 1901, 
II. 269). Fuming sulphuric acid at ordinary temperatures yields 
mainly neutral esters wdth methyl and ethyl alcohols (C. 1900, II. 614). 
They are heavy liquids, soluble in ether, possess an odour like that 
of peppermint, and boil without decomposition. They will sink in 
water, and gradually decompose into a primary ester and alcohol : 

+ CjHjOH. 

Dimethyl sulphate, S02(OCH3)2, b.p. 188°, is conveniently prepared by 
the interaction of methyl alcohol and chlorosulphonic acid. It is highly irritating 
to the mucous membrane (C. 1901, I. 265), and is poisonous (C. 1902, I. 364). 
It is frequently employed in the preparation of methyl ethers, esters, and amines 
(Ann. 327, 104). 

Diethyl sulphate, 802(002115)2, b.p. 208°, may also be prepared from 
SO3 and (03115)20. Heated with alcohol it forms ethyl sulphuric acid and ethyl 
ether (Ber. 13, 1699 ; 15, 947) ; it is an excellent reagent for alkylation (Ber. 
33, 2476) (comp. Ethyl hydrogen peroxide, p. 158). 

Di-isobutyl sulphate, b.p. 134°/12 mm., and Di-ii^eamyl sulphate, 
b.p. 150°/12 mm., are prepared from the sodium derivatives of the corresponding 
alcohol and sulphuryl chloride (0. 1903, II. 937). 

2. The alkyl hydrogen esters or acid esters are produced (1) when 
the alcohols are mixed wdth concentrated sulphuric acid : 

S03(OH)a + O2H5OH = HOSOa-OOaHs + H2O. 

The reaction takes place only when aided by heat, and it is not complete. 
The reaction proceeds to completion if the alcohol bo dissolved in very little 
sulphuric acid, and SO3 in the form of fuming sulphuric acid be then allowed to 
act on the well-cooled solution (Ber. 28, R. 31). To isolate the acid esters, the 
product of the reaction is diluted with water and boiled with an excess of barium 
carbonate. In this way the unaffected sulphuric acid is thrown out as barium 
sulphate ; the barium salts of the acid esters are soluble and crystallize out when 
the solution is evaporated. To obtain the acids in a free state their salts are 
treated with sulphuric acid or the lead salts (obtained by saturating the acids 
with lead carbonate) may be decomposed by hydrogen sulphide, and the solution 
allowed to evaporate over sulphuric acid. 

Secondary alcohols, also, by careful cooling of the reacting bodies, are capable 
of forming acid esters — e.g. ethylpropylcarbinol (Ber. 26, 1203) ; tertiary 
alcohols behave similarly (C. 1897, II. 408). 

(2) The alkyl hydrogen esters also result from the union of the 
alkylenes with concentrated sulphuric acid. 

Properties. — These esters are thick liquids, which cannot be distilled, 
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but which sometimes crystallize. They dissolve readily in water and 
alcohol, but are insoluble in ether. 

(1) When boiled or warmed with water they break down into 
sulphuric acid and alcohol : 

HO SO2 C2H5 -f HgO = H2SO4 + C2H6 OH. 

(2) When distilled, they yield sulphuric acid and alkylenes (p. 102). 

(3) When heated with alcohols, simple and mixed ethers (p. 154) 
are produced. 

They show a strongly acid reaction, and furnish salts which dissolve 
readily in water, most of which crystallize readily. The salts gradually 
change to siil})hates and alcohol when they are boiled with water. 
The alkali salts are frequently applied in synthetic reactions. Thus 
with KSH and KoS they yield mercaptans and thio-ethers (p. 170) ; 
with salts of fatty acids they furnish esters, and with KCN the alkyl 
cyanides, etc. 

Compounds of the type R-OSOgH occur naturally in the urine, 
where they form the fraction described usually as “ ethereal sulphate ” : 
they form one method by which the body detoxicates phenols, in- 
gested or produced in metabolism. 

Methyl hydrogen sulphate, S04(CH3)H, is a thick oil. 

Ethyl hydrogen sulphate, S 04 (C 2 H 5 )H, is obtained by mixing 1 part alcohol 
with 2 parts concentrated sulphuric acid : jKtUmsimn salt, S04(C2H5)K, is anhy- 
drous, and crystallizes in plates : barium and calciuyn salts crystallize in large 
tablets with two molecules of H2O each (Ann. 218, 300). 

The chlorides or chloroanhydrides of the alkyl sulphuric acids (ChSOg’OR), 
called chlorosulphonic esters, result (1) by the action of sulphuryl chloride 
on the alcohols (C. 1903, II. 936 : 1905, 1. 14) : 

CoH. OH -f SO2CI2 = Cl SOa-OCgHg + HCl ; 

Chloride of ethyl 
sulphuric acid. 

(2) by the action of PCI 5 on salts of the ester acids ; (3) by the union of the 
olefines with Cl-SOgH ; (4) by the union of SO3 with the alkyl chlorides ; and (5) 
by the action of SOg on the esters of hypochlorous acid (Her. 19, 860) ; 

SO2 + ClO-CgHs == ChS02-002H5. 

They are liquids possessing a penetrating odour. Cold water decomposes them 
slowly into the alkyl sulphuric acids. The same result accompanied by a violent 
evolution of ethyl chloride is brought about by alcohol. Sodium alcoholatos 
and chlorosulphonic esters unite to form compounds which break down, giving rise 
to normal sulphonic ester, ether, sodium alkyl sulphate, and sodium sulphate. 
Aniline and phenols (Vol. II) are alkylated by chlorosulphonic ester ; sodium 
malonic ester and sodium acetic ester are chlorinated (C. 1905, I. 13). 

Ethyl cMorosulphouatc, C2H5-0-S02C1, b.p. 52''/14 mm.; 0^3 = 1-263: 
methyl ester j CHg-O-SOgCl, b.p. 132'\ 

E. ESTERS OF SULPHUROUS ACID 

The empirical formula of sulphurous acid, HgSOg, may have two 
possible structures : 

HO-SO-OH or H-SOgOH 

(I) (11) 

The ordinary sulphites correspond with formula (II), and it appears 
that in them one atom of metal is in direct combination with sulphur : 

Ag-SOg-OAg K-SOgOH 

Silver sulphite. Prim, potassium sulphite. 
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Silver sulphite, AgSOa-OAg, when acted on by iodoethane, yields 
the ethyl ester of ethanesulphonic acid, CgHg-SOg-CjHg, which loses 
an ethyl group when treated with potassium hydroxide, and yields 
ethanesulphonic acid, CaHg-SOgH, the oxidation product of ethyl 
mercaptan, C2H5SH. The sulphonic acids and their esters, which 
must be viewed as esters of unsymmetrical sulphurous acid, will be 
described after the mercaptans. 

The esters of symmetrical and unsymmetrical sulphurous acid are closely 
connected, as the following shows. 

If SO 2 is passed into a solution of sodium or potassium alcoholate, or SOg 
and NH 3 into absolute alcohol, tliore are obtained unstable salts of alkyl sub 
phimous acids— CHgO-SOaNa, C 2 H 5 OSO 2 K, C 3 H 7 ()-S 02 Na, CaH^O-SOaNHa, 
which easily lose SO 2 (Ber. 38 , 1298 : C. 1902, 11. 9110). Those salts are isomeric 
with the very stable alkyl sulphonic acid esters (p. 175). If sodium ethyl sulphite 
is heated with iodoethane or sodium iodide in alcoholic solution, it is converted 
into the double salt of sodium ethanes ulphonate with sodium iodide. 

The dialkyl esters of symmetrical sulphurous acid are prepared by the action 
of thionyl chloride SOClg or sulphur chloride on the alcohols : 

80CU + 2C2H3()H -- SO(OaH 5)2 + 2HC1. 

S 2 CI 2 + IlCaHjOH -= SOlOCaHji) + C 2 H 5 SH + 2HC1. 

The mercaptan which is formed undergoes further change. 

The dialkyl sulphites are liquids, insoluble in water, having an odour of 
peppermint. They are isomeric with the corresponding esters of the alkyl 
sulphonic acids. It is remarkable that aqueous solutions of alkali hydroxides 
only hydrolyse the sulphites with difficulty, whilst the prolonged action of a cold 
concentrated solution partially converts them into alkyl sulphonic acids ; a 
change which is also brought about by potassium iodide (see above) (Ber. 38, 
1298). 

Dimethyl sulphite, SO(()<’H 3 ) 2 , ’ diethyl sulphite, b.p. 161° ; 

dipro})yl sulphite, b.p. 191°. 

Chlorosulphinic esters, (IbSOOR. The chlorosulpliinic esters, which 
are obtained by the interaction of equimolecular qnnntities of thionyl chloride 
and alcohols in the cold, are derivatives of the hypothetical alkyl hydrogen 
sulphites. 

SOCI 2 -f- K OH ^ CI SO OK I HCl. 

They are liquids, easily decomposed by water into hydrochloritr acid, sulphur 
dioxide and the alcohol. By distillation under ordinary pressure they are 
partly decomposed into sulphur dioxicle and the alkyl chloride (Ber. 44, 319). 

Methyl ehlorosulphiiuite, b.p. 102° : ethyl ester, b.p. 122°. The ethyl ester 
is also obtained by the action of PCI 3 or thionyl chloride on diethyl sulphite. 

F. ESTERS OF HYPOCHLOROUS AND PERCHLORIC ACIDS 

The esters of hypochlorous acid are formed by mixing the free acid with the 
alcohols (Ber. 18 , 1767 : 19 , 857) or more conveniently from the alcohol, sodium 
hydroxide and chlorine (J.C.S. 123 , 2999). They are pungent-smelling, explosive 
liquids, which imder suitable conditions break down quantitatively into HCl 
and an aldehyde or ketone (see p. 225). 

Methyl hypochlorite, CHg-OCl, b.p. 12° : ethyl ester, b.p. 36°. 

The esters of perchloric acid are obtained from silver perchlorate and alkyl 
iodides. 


G. ESTERS OF OTHER INORGANIC OXY-ACIDS 

These esters are obtained by the action of BCI 3 , BoOg, POCI 3 , PCI 3 , AsBrg, 
SiCl 4 , SiaOClg on alcohols and sodium ak^oholates. Alkali hydroxides hydrolyse 
them with the production of alcohols and alkali salts of the respective inorganic 
acids. Most of them are decomposed entirely or in part by water. 

Boric acid. — Methyl borate, B(OCH 3 ) 3 , b.p. 65°, and ethyl borate, B(OC 2 H 5 ) 3 , 
b.p. 119°, both burn with a green flame (C. 1898, II. 1243). 
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Metaphosphoric acid. — The esters R-O-POg are obtained from silver 
metaphosphate and alkyl iodides, or from ethers and phosphorus pentoxide. 
They are thick syrups, which cannot be distilled in vacuo without decomposition, 
and which unite with water or alcohols with formation of mono- and di-alkyl 
esters of orthophosphoric acid (Ber. 44 , 2076). 

Orthophosphoric acid. — Triethyl eater, PO(OFt) 3 , b.p. 211° (C. 1900, 1. 102). 
Mono-esters of phosphoric acid, see Compt. rend. 168 , 660. 

Thiophosphoric acid. — The esters PS (OR) 3 are obtained from thio- 
phosphoryl chloride, PSClg, and sodium alcoholates. Methyl eater, b.p. 82°/20 
mm. ; ethyl ester, b.p. 106°/20 mm. (see J.C.S. 99 , 713 ; J. pr. Chom. [2] 84 , 
746 : Ber. 58 , 840). 

Phosphorous acid. — The symmetrical esters, P(OR) 3 , are obtained from 
phosphorus trichloride and the sodium alcoholates, and are converted by water 
or dilute acids into the dialkyl esters, POH(OR) 2 , which are also obtained by 
the action of phosphorus trichloride on the alcohols. Methyl ester, b.p. 111° ; 
ethyl ester, b.p. 156°. The symmetrical esters are isomerized by alkyl iodides 
into the alkylphosphonic esters (see p. 208) with intermediate formation of an 
addition compound : 

HP0(0R)2 P(OR )3 > RP0(0R)2. 

The symmetrical esters also form addition compounds with the cuprous halides 
(C. 1903, II. 22 : 1906, II. 1639 : 1914, I. 2156 : Ber. 38, 1171 : 45 , 298). 

Arsenic acid. — The ethyl ester, AsO(OEt) 3 , b.p. 235°, is obtained from silver 
arsenate and ethyl iodide. 

Arsenious acid. — The symmetrical triethyl este.r, As(OEt) 3 , b.p. 166°, 
is obtained by heating arsenious oxide with alcohol in presence of anhydrous 
copper sulphate (C. 1908, II. 849). The symmetrical derivatives of antimonious 
acid, Sb(OR) 3 , are obtained similarly (C. 1909, I. 1976). 

Vanadic acid. — Esters, see C. 1913, 11. 1029. 

Phosphonic and phosphinic acids and the corresponding compounds of 
arsenic, are described after phosphorus bases and arsenic bases. 

Silicates. — Methyl orthosilicate. Si ( 00113 ) 4 , b.p. 120-122°. Ethyl ortho- 
siliratr, Si(OC 2 Hii)^), b.p. 165°. Ethyl dwilicate, Si 20 ( 0 C 2 H 6 ) 6 , b.p. 236°. Ethyl 
^netasUicate, SiO(OC 2 H 5 ) 2 , b.p. 360° (approximately). 

The silicic esters burn with a brilliant white flame. The ortho- and meta- 
silicic esters correspond with the ortho- and ordinary carbonic acid esters : 
C(OC 2 Hb )4 and CO(OC 2 H 6 ) 2 . 

The orthoformic esters HC(OR )3 correspond with the orthosilicoformic esters, 
HSi(OR) 3 , which are produced from silicochloroform, SiHCl 3 , and the alcohols. 
Ethyl orthosilicoformat^, HSi(OC 2 H 6 ) 3 , b.p. 134° ; propyl orthosUicoforrnate, 
b.p. 192°, 1) = 0-885. These osiers yield silicon hydride when heated with 
sodium (Ber. 38 , 1661). 

3. SULPHUR DERIVATIVES OF THE ALCOHOL 
RADICALS 

The hydrosulphides and sulphides correspond with the metallic 
hydroxides and oxides, whilst the sulphur analogues of the alcohols 
and ethers are the mercaptans and alkyl-sulphides, and the alkali 
polysulphides find their analogues in the alkyl polysulphides : 

Na-SH NajS 

CjHj-SH (C 3 H 3 ) 2 S (C 2 H 3 ) 2 S 2 

Ethyl Ethyl Ethyl 

mercaptan. sulphide. disulphide. 

I. MERCAPTANS, THIO -ALCOHOLS, OR ALKYL HYDRO- 
SULPHIDES 

Although the mercaptans closely resemble the alcohols in general, 
they are differentiated in that the hydrogen, which in the alcohols 
is replaceable by the alkali metals, is in the mercaptans also to be 
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substituted by the heavy metals. The mercaptans react very readily 
with mercuric oxide, to form crystalline compounds : 

2 C 2 H 5 SH -h HgO = (C 2 H 5 -S) 2 Hg -f- H,0. 

Hence their designation as mercaptans (from rmrcurium captans). 
The metal derivatives of the mercaptans are termed mercaptides. 

Formation. — ( 1 ) By the action of the alkyl hahdes on potassium 
hydrosulphide in alcoholic solution : 

C2H5CI + KSH = CaHg-SH -f KCl. 

A modification of this method consists in allowing alcohols to 
react with bromine and red phosphorus in the presence of sodium 
sulphate, when the first-formed alkyl bromide yields mercaptans by 
reaction with the NaSH formed by the reducing action of the phos- 
phorous acid (Chem. Abstr. 9, 1899). 

( 2 ) By distilling salts of the sulphuric esters with potassium hydro- 
sulphide or potassium sulphide (see p. 168) : 

KO-SOa-OCaHs + KSH = C^Hg-SH + K2SO4. 

The neutral esters of sulphuric acid — e.g. S 02 ( 0 -C 2 H 5)2 (p. 167) — 
also yield mercaptans when heated with KSH. 

(3) A direct replacement of the oxygen of alcohols and ethers by 
sulphur may be effected by phosphorous pentasulphide : 

TiCaHsOH + - 5 C 2 H 5 SH + P 2 O 5 . 

(4) By reduction of the chlorides of the sulphonic acids (q.v.) : 

an, SO., Cl + 6H = C 2 H 6 SH -f HCl + 2 H 2 O. 

This reaction recalls the reduction of the acid chlorides to primary 
alcohols. 

(5) By leading a mixture of alcohol vapour and H 2 S over thoria 
at 300-360 ’ (Compt. rend. 156 , 1217 : J.A.C.S. 43, 880). 

Properties and Reactions . — The mercaptans are colourless liquids, 
mostly insoluble in water, and possess a disagreeable, garlic-like odour. 

( 1 ) Moderate oxidation with concentrated sulphuric acid, sulphuryl 
chloride, or iodine converts the mercaptans or mercaptides into disul- 
phides (p. 173). The reaction permits of these substances being 
titrated with iodine (Ber. 39, 738). 

(2) When oxidized with nitric acid, the mercaptans yield the 
sulphonic acids. Conversely, the mercaptans result by the reduction 
of the sulphonic acids. 

(3) By their union with aldehydes and ketones there result mer- 
captals and mercaptoles — e.g. CH 3 CH(SC 2 H 5) (CHg) oC(SCoH6 ) 2 — 
which will be treated at the conclusion of the aldehydes and ketones 
{q.v.). 

(4) The mercaptans unite more or less easily to an ethylene link- 
age, forming sulphides (Ber. 38, 646). 

Ethyl mercaptan, C2H5 SH, b.p. 36° ; D 20 = 0-829. It is the most impor- 
tant and was the first-discovered mercaptan (1834, Zeise, Ann. 11 , 1). Despite 
its revolting odour, it is technically made from ethyl chloride and potassium 
sulphydrate in the preparation of sulphonal. It is but slightly soluble in water ; 
readily in alcohol and ether. 

Mercury mercaptide, (C 2 H 6 -S) 2 Hg, m.p. 86°, crystallizes from alcohol in 
brilliant leaflets, and is only slightly soluble in water. When mercaptan is 
mixed with an alcoholic solution of HgClg, the compound CgHg-S-HgCl is 
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precipitated. The potassium and sodium compounds are best obtained by 
dissolving the metals in mercaptan diluted with ether ; they crystallize in 
white needles. 

Methyl mercaptan b.p. 6° ; n-butyl mercaptan b.p. 98° ; 

w-propyl mercaptan b.p. 68° ; allyl mercaptan b.p. 90°. 

isopropyl mercaptan b.p. 59° ; 

Methyl mercaptan is formed during the fermentation of proteins (Ber. 34, 201). 
n-Butyl mercaptan is found in secretions of the stink-badger of the Philippines 
{Myddus marchei hnet) (Pharm. Centralhalle, 1896, No. 34). 


II. SULPHIDES OR THIO-ETHERS 

These are obtained like the mercaptans : 

( 1 ) By the action of alkyl halides on potassium sulphide. 

2C2H,C1 + K^S = (C 2 H 5 )oS -f 2KC1. 

(2) By distillation of salts of the alky Isulph uric acids with potas- 
sium sulphide : 

2 KO SO 2 OC 2 H 5 H- K^S = (C 2 H 5 ) 2 S -f 2 K 2 SO,. 

(3) By the action of P 2 S 5 on ethers : 

+ P 2 S 5 == + P 2 O 5 . 

(4) On heating the lead mercaptides : 

(C 2 H 5 S) 2 Pb = (an 5)28 + Pbs. 

(5) By the interaction of alkyl halides with potassium or sodium 
mercaptides, when mixed thio-ethers can be produced : 

C^HsSNa -f CoH^I = (C 2 H 5 ) 2 S + Nal 
C 2 H 5 SNa -f O 3 II 7 I - C 2 H 3 S C 3 H 7 4- Nal. 

( 6 ) By passing mercaptan vapours over cadmium sulphide at 
320-330° (Compt. rend. 150 , 1569). 

Methods 1,2,5 and 6 are analogous to those used in the preparation 
of the corresponding ethers. 

The sulphides, like the mercaptans, are colourless liquids, insoluble 
in water, but easily soluble in alcohol and ether. When impure, their 
odour is very disagreeable, but is ethereal when pure (Ber. 27 , 1239). 

Reactions . — The sulphides are characterized by their additive 
power. (1) They unite with Brg, and (2) with metallic salts — e.g. 

(C 2 H,).,S,HgCl 2 , ‘[(C 2 H 5 ) 2 S] 2 , Ptcu (C. 19(X), 1 . 280: 1901, II. 184): 

(3) also with alkyl iodides to form sulphonium iodides (p. 173) ; 

(4) they are oxidized to sulphoxides (p. 174) and sulphones (p. 174) 
by nitric acid. 

Methyl sulphide, (€113)28, b.p. 37-5°; ethyl sulphide, (€2115)28, b.p. 91°; 
n-propyl sulphide^ (€3117)28, b.p. 130-135° ; n-butyl snlphidc, b.p. 182° ; iso- 
butyl sulphide, [(€H3)2€H-€H2]28, b.p. 173° ; cetyl sulphide, (€131133)28, in.p. 57 ’. 

Dichloromethyl sulphide, b.p. 156°, is obtained from trithioformaldehyde and 
S2€l2 (Ber. 55, 53). 

/3/3'-Dichlorodiethyl sulphide, (€1€H2 €H2)28, m.p. 13-13*5°, b.p. 215-217° 
(dec.), was used as mustard -gas (Ger. Gelbkreuz) during the war. It was prepared 
in two ways : 

(1) From ethylene chlorohydrin and Na28, the thiodiglycol (HO€H2€H2)8 
thus formed being converted into the dichloro derivative by heating with con- 
centrated H€1 (J.A.€.8. 41, 1414). 

(2) From ethylene and S€l2 or S2€l2 (J.€.S. 117, 271). Pharmacological 
action, see Zeitschr. f. d. ges. exp. Med. 13, 367, 
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Unsaturated sulphides. — The sulphides of vinyl and allyl alcohols occur 
in nature. They are far more important than the sulphides of the normal alcohols, 
particularly allyl sulphide. , 

Vinyl sulphide ( 02113 ) 28 , b.p. 101° ; D = 0-9125, is the principal ingredient 
of the oil of Allium ursinum^ and is very similar to allyl sulphide. It forms 
(C 2 HgBr 2 ) 2 SBr 2 with six atoms of bromine. Silver oxide changes it to vinyl 
ether (p. 158) (Ann. 241, 90). 

Allyl sulphide, (€ 3115 ) 28 , b.p. 140°, may be prej)ared by digesting allyl 
iodide with potassium sulphide in alcoholic solution. It is a colourless, disagree- 
able-smelling oil, but slightly soluble in water. It forms crystalline precipitates 
with alcoholic solutions of HgClg and PtCl 4 . With silver nitrate it yields the 
crystalline compound ( 03115 ) 28 , 2 AgNOg. 

The early statement of Wertheim that allyl sulphide is to be found in garlic, 
has not been substantiated ; it is tho disulphide which occurs there (O. 1892, 
II. 833). 

Allyl mustard oil is produced by heating the mercury derivative with potas- 
sium thiocyanate. Vinyl mustard oil is prepared in an analogous manner. 


a)3-Propylene sulphide, OH 2 — OH -OH 2 , and the corresponding ajS-butylene 
compound, b.pp. 77° and 104-105”, are obtained from tho corresponding dibrom- 
ides, through the dithiocyanates, by the action of Na 28 (Oompt. rend. 172, 
158). 

Alkyl disulphides are produced (1) like the alkyl monosulphides by dis- 
tilling salts of the ethyl sulphuric acids or alkyl halides with potassium disulphide 
(0. 1901, 1. 1363) : 

K0-802-0C2H6 - 1 - K 282 = (0.2H5)2S2 + 2 K 28 O 4 . 

( 2 ) by tho action of iodine on mercaptans, or concentrated sulphuric acid 
on morcaptides (Ber. 39, 738). When bromine acts on a mixture of two 
mercaptans, mixed alkyl disulphides are produced (Ber. 19, 3132) : 

2 O 2 H 5 SH + I 2 - ( 02115)282 + 2HI. 

(3) by the action of sulphuryl chloride on tho mercaptans : 

2 O 2 H 58 H -1- 8 O 2 OI 0 = (02H5)282 + SOg + 2H01. 

Nascent hydrogen reduces the alkyl disulphides to mercaptans, whilst zinc 
dust converts them into zinc mercaptides : 

( 02 H 5 ) 2 S 2 -f Zn = (C 2 H 58 ) 2 Zn. 

Mercaptides result on heating the disulphides with potassium sulphide 
(Ber. 19, 3129) ; magnesium alkyl halides produce sulphides and mercaptides 
(0. 1906, I. 1244), and dilute nitric acid changes them to alkyl thiosulphonic 
esters (p. 177). 

Methyl disulphide, ( 02 H 3 ) 282 , b.p. 112°, and ethyl disulphide, ( 02 H 5 ) 282 , 
b.p. 151°, are oils possessing an odour like that of garlic. 

Allyl disulphide, ( 03 H 5 ) 2 S 2 , b.p. 117°/16 mm., occurs with closely connected 
polysulphides in garlic. Allium sativum (0. 1892, II. 833). The name “ allyl ” 
is derived from this. 

III. SULPHONIUM COMPOUNDS 

(Ber. 27, 505 Anm.) 

(1) The sulphides of the alcohol radicals (thio-ethers) combine 
with the iodides, bromides, and chlorides of the alcohol radicals at 
ordinary temperatures, more rapidly on application of heat, and form 
crystalline sulphonium compounds : 

IV 

(02H5)28 + C2H5I = (02H5)3SI. 

Triethyl Hulphoiiiiini iodide. 

These are perfectly analogous to the halogen derivatives of the 
strong basic radicals. By the action of moist silver oxide the halogen 
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atom in them may be replaced by hydroxyl, and hydroxides similar 
to potassium hydroxide are formed : 

(C,H5)3SI + AgOH = + Agl. 

(2) The sulphine or sulphonium halides are also obtained on heat- 
ing the alkyl sulphides with the halogen acids, or (3) with iodine 
(Ber. 25, R. 641) : 

2 {C^ 11 ,)S + HI = + C2H3SH. 

4(CH3)3S 4 - I 2 = 2(CH3)3SI + 

(4) The acid chlorides react similarly to iodine. 

(5) By the action of iodomethane on metallic sulphides : 

SnS + 3CH3I = Snl^ + (CH3)3SI. 

By heating together sulphur and iodomethane to 180° there is 
formed (CH 3 ) 3 SI*l 2 an iodine addition product of trimethyl sulphonium 
iodide. Similar compounds are obtained with selenium and tellurium 
(C. 1904, II. 414). 

Often when the alkyl iodides act on the higher alkyl sulphides 
the latter are displaced (Ber. 8, 825). 

CH 

(C 2 H 5 ) 2 S-CH 3 l and q jj^^>S-CaH 5 l are not isomeric (in which case 
a difference of the 4 valences of S would be proved) but identical 
(Ber. 22, R. 648). 

The sulphonium hydroxides are crystalline, efflorescent, strongly 
basic bodies, readily soluble in water. Like the alkalis, they pre- 
cipitate metallic hydroxides from metallic salts, set ammonia free 
from ammoniacal salts, absorb CO 2 and saturate acids, with the 
formation of neutral salts : 

(C2H3)3S-0H + HNO3 = (C2H3)3S-N03 + H2O. 

We thus observe that relations similar to those noted with the nitrogen group 
prevail with sulphur (also with selenium and tellurium). Nitrogen and phos- 
phorus combine with four hydrogen atoms, also with alcoholic radicals, to form 
the groups ammonium, NH4, and phosphonium, PH4, which yield compounds 
similar to those of the alkah metals. Sulphur and its analogues combine in like 
manner with three univalent alkyls, and give sulphonium and sulphine deriva- 
tives. Other non-metals and the less positive metals, like load and tin, exhibit a 
perfectly similar behaviour. By addition of hydrogen or alkyls they acquire a 
strongly basic, metallic character (see the rnotallo -organic compounds and also 
the aromatic iodonium beises, Vol. II). 

Trimethyl sulphonium iodide, (CH3)3SI, is readily soluble in water, but 
is soluble with difficulty in alcohol, from which it crystallizes in white needles. 
At 215° it breaks down directly into methyl sulphide and iodomethane. Pla- 
tinic chloride precipitates, from solutions of the chloride, a chloroplatinate, 
[(CHa)8SCl]2*PtCl4, very similar to ammonium platinum chloride. Trimethyl 
sulphonium hydroxide, (CH8)8SOH, consists of deliquescent crystals possessing a 
strongly alkaline reaction. 

Consult Ber. 24, K. 906, for the refractive power and the lowering of the 
freezing point of sulphine compounds. 


IV. SULPHOXIDES AND SULPHONES 

172), result from the oxidation of the 


These, as mentioned (p. 
sulphides : 


Ethyl sulphide. 


> c:i:>so - 

Ethyl sulphoxide. 


Ethyl Bulphoue. 
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The sulphoxides are formed from the sulphides by oxidation by 
nitric acid or hydrogen peroxide (C. 1909, 1. 350). The unsymmetrical 
sulphoxides, R*SO-R', have been obtained in optically active forms, 
showing that the three groups attached to the sulphur atom are not 
co-planar (J.C.S. 1926, 2079) (see p. 31). The sulphoxides are 
reduced to sulphides by nascent hydrogen. 

Methyl and ethyl sulphoxides are thick oils, which combine with nitric acid 
to the compounds RgSO-HNOg. The free sulphoxides are regenerated from 
these salts by barium carbonate. Methyl sulphoxide is also obtained from 
the bromide MejSBrj and silver oxide. 

The sulphones are obtained from the sulphoxides by oxidation 
with fuming nitric acid or permanganate, or from the alkali salts of 
the alkylsulphinic acids and alkyl iodides : 

R-SOaK + R'l > R-SOa-R' + KI. 

They are not, however, the true esters of the sulphinic acids, but 
are very stable compounds in which both alcohol radicals are linked 
to sulphur. They cannot be reduced to the sulphides. 

Dimethyl sulphoney (CHajaSOa, m.p. 109° ; b.p. 238°. 

Diethyl sulphones (€ 2115 ) 2802 , m.p. 70° ; b.p. 248°. 


V. ALKYL SULPHONIC ACIDS, ALKYL THIOSULPHURIC ACIDS, 
ALKYL THIOSULPHONIC ACIDS, AND ALKYL SULPHINIC ACIDS 

These compounds have the general formulae : 

RSOjOH RSSOaH RSOaSH RSOjH 

Sulphonic ThioBulphuric Thiosulphouic Sulphinic 

acid. acid. acid. acid. 


Sulphonic Acids 

The sulphonic acids contain the sulpho-group — SOg'OH — ^joined to 
carbon. This is evident from their production by the oxidation of 
the mercaptans, and from their re-conversion into mercaptans (p. 171). 
They can be considered as being ester derivatives of the unsymmetrical 
sulphurous acid, HSOgOH (p. 169). 

Formation. — (1) Their salts result from the interaction of alkah 
sulphites and alkyl iodides ; their esters are formed when alkyl iodides 
act on silver sulphite : 

K SO2OK f C2H5I = C2H5 SO2OK + KI. 

I^otassium ethanesulphonate. 

AgS 020 Ag + 2C2H5I == C2H5.SO2OC2H5 + 2 AgI. 

Ethyl ethanesulphonate. 

All the esters of sulphurous acid, both sulphites, ROSO2K, and 
sulphonic esters, (RO)2SO, when heated with KI form sulphonic acid 
double salts of the type (RS03K)4KI. 

(2) By oxidation of (a) the mercaptans ; (6) the alkyl disulphides ; 
(c) the alkyl thiocyanates with nitric acid : 

C2H5SH) o 

[C2H5S]2 C 2 H 5 -S 03 H. 

C2H5S-CNj 

(3) The alkyl sulphinic acids are readily oxidized to sulphonic acids. 



176 


ORGANIC CHEMISTRY 


(4) The sulphonic acids can be formed further by the action of 
sulphuric acid or sulphur trioxide on alcohols, ethers, and various 
other bodies. This reaction proceeds without difficulty in the aromatic 
series. 

Properties and Reactions. — These acids are thick liquids, readily 
soluble in water, and generally crystallizable. They undergo decom- 
position when exposed to heat (Ber. 38, 2019), but are not altered 
when boiled with alkali hydroxides. When fused with solid alkali 
hydroxides they break up into sulphites and alcohols : 

C2H5SO./OK + KOH = KSO2OK + C2H5OH. 

PCI5 changes them to chlorides, — e.g. CaHs-SOoCl, — which are 
reduced to mercaptans by hydrogen ; and by the action of sodium 
alcoholates they pass into the neutral esters — CsHs-SOa-CoHg. 

Many of these reactions plainly indicate that in the sulphonic 
acids the sulphur is directly combined with the alkyl groups. The 
sulphonic esters boil considerably higher than the esters of symmetrical 
sulphurous acid (p. 169). Whilst alcoholic potassium hydroxide con- 
verts the latter into potassium sulphite and alcohol, aqueous alkali 
solutions act only with difficulty and with the partial production of 
salts of alkyl sulphonic acids ; in the sulphonic esters the alkyl group 
which is not directly combined with sulphur is readily removed by 
hydrolysis. 

Methanesulphonic acid, CHa-SOgH, was synthetically prepared by Kolbc 
in 1845 from carbon disulphide, by converting it by moans of moist chlorine 
into the chloride of t.richloromethanesulphonic acid, CCI3SO2CI, and this into tlie 
acid itself, which is reduced by .sodium amalgam to methanesulphonic acid 
(Ann. 54 , 174) : 

C + 2S = CSg CClg-SOaCl CCb-SOaH > CHg-SOaH. 

Metlianeaul phonic cliloridi, CH3SO2CI, b.p. 100" ; ethyl enter, b.p. SO'yiO mm. ; 
anhydride, (€113802)2^15 m.p. Tl*^, b.p. illS'/lO mm. (Ber. 38, 2018). 

Chloroiodotaethanesulphonic acid, CHCll-SOaH, is of interest as the first com- 
pound containing only one carbon atom to be resolved into its optically active 
components (Pope and Read, J.O.S. 105 , 811 : see also J.C.S. 1932 , 2723). 

Ethanesulphonic acid, OgHg-SOaH, is oxidized by concentrated nitric acid 
to ethyl sulphuric acid, CgHgO ^OgH (p. lOS) ; Lead salt, (C2H5*S03)2Pb, is readily 
soluble ; methyl ester, CaHgSOaClia, b.p. 198” ; ethyl ester, CaHg-SOa'CaHg, b.p. 
213-4^ ; sid’pJwchloride, CgHs'SOgCl, b.p. 177”. 

Ethylenesulphonic acid, CHg-^CHSOgH, is obtained from ethane disul- 
phochioride, by the action of water and alcohol. Its ammonium, salt, m.p. 150°, 
reduces alkaline permanganate instantaneously, and combines with arnmonimn 
hydrogen sulphite to form ammonium ethanedisulphonate (C. 1898, II. 1009: 
1899, I. 1104). Eihylenesulphone anilide, CHg : CHSOaNHCgHg, and propylene- 
sulphone anilide, CHgCH : CHSOaNHCgHg, are obtained from ethane- and pro- 
pane-a/S-disulphonyl chlorides and aniluie, with loss of SO2 and HCl, even at 0” 
(Ber. 36 , 3626). 


Alkyl Thiosulphuric Acids 

The well-crystallized alkali salts of these acids are made by acting on 
alkali thiosulphates with primary saturated alkyl iodides (Ber. 7, 646, 1157) or 
bromides (Ber. 26, 996). 

CgHgl + NaS SOgNa = CaHgS SOaNa -f Nal. 

Sodium ethyl thiosulphate is called Bmiie's salt, after its discoverer. It 
also results when iodine acts on a mixture of sodium mercaptide and sodimn 
sulphite : 

GgHjSNa 4- NaSOgNa + = CgHgS-SOsNa 4- 2NaI. 
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The free acids are not stable. Mineral acids convert sodium ethyl thiosulphate 
into mercaptan and raono-sodiurn sulphate. Heat breaks down the salts into 
disulphides, neutral potassium sulphate, and sulphur dioxide. Electrolysis of 
Bunte’s salt gives rise to diethyl disulphide (C. 1901, I. 331). 

Alkyl Thiosulphonic Acids 

These acids are only stable as salts and esters. They are formed by the 
action of the chlorides of sulpho-acids on potassium sulphide : 

CgHB-SOaCl + KgS = C2H5-S02SK + KCl. 

The vstcrSf R-SOgSR, of this new class (formerly called alkyl disulphoxides, 
R 2 S 2 O 2 ) are obtained (1) from the alkali salts by the action of the alkyl bromides 
(Ber. 15 , 123) : 

C 2 H 6 SO 2 SK + CaHsBr = C 2 H 5 S02 SC 2 Hii + KBr ; 
and (2) by the oxidation of rnercaptans and alkyl disulphides with dilute nitric 
acid : (C 2 H 5 ) 2 S 2 + ^>2 — (^2H6-S02-SC2H5. These esters are liquids, insoluble in 
water, and possessed of a disgusting odour (Ber. 19 , 1241, 3131). Dietlhi/I 
thhaulpfuitr, C2H5-S02‘S‘^2H5, b.p. 130—140°. 

Alkyl Sulphinic Acids 

These acids can be considered as derived from the liypothetical sulphoxylic 
acid, H 2 SO 2 , by replacement of one hydrogen atom by an alkyl group. The 
existence of chlorides and anhydrides of the aromatic sulphinic acids (Ber. 41 , 
3323, 4113) and the existence of the true sulphinic esters affords support for the 
formula R SO OH as against the alternative R SOg-H. 

The sulphinates are formed as follows : 

(1) By the oxidation of the dry sodium mercaptides in air. 

R SNa + O 2 > R S02Na 

(2) By the action of SO 2 on zinc alkyls or magnesium alkyl halides or by 
the action of SOgOlg on the lattor. 

R2Zn -|- SO 2 (R’S02)2Zn 

2RMgI 4- SO 2 CI 2 ^ R SOgMgl + RCl + MgClI. 

(3) By the ac'tion of zinc on the sulphonyl chlorides. 

2R-S()2C1 4 Zn > (R'SOalaZn 4- ZnCl^. 

The sulphones (p. ITo) are produced in the action of alkyl iodides on the 
alkali sulphinates, whilst the real esters result from the esterification of the acids 
with alcohol and hydrochloric acid, or by the action of chloroformic esters on 
the sulphinates (Ber. 18 , 2493) : 

R S02Na 4 - C1-C02R = R SO-OR 4 - CO 2 4 - NaCl. 

When these esters are hydrolysed by alcohol or water they break down into 
alcohol and sulphinic acid, whilst the isomeric sulphones are not altered. The 
free sulphinic acids are unstable liquids which dissolve in water and are oxidized 
to sulphonic acids. Potassium permanganate and acetic acid convert the 
sulphinic esters into sulphonic esters (Bor. 19 , 1225), whereas the isomeric 
sulphones remain unclianged. 


4. SELENIUM AND TELLURIUM COMPOUNDS 

These are very similar to the sulphur compounds. 

Selenomercaptans. — Ethyl setenomercaptariy Et-SeH, b.p. 53-5°, is a colour- 
less, foul-smelling liquid, immiscible with water, and readily oxidized. With 
mercuric oxide, it readily forms a mercaptide. n-Propyl and i\-butyl selenomer- 
captajia boil at 84° and 111°. 

Selenides. — Methyl ethyl selenidsy Me-Se-Et, b.p. 86°, from sodium ethyl- 
selenomercaptide and methyl iodide (Bor. 42 , 49). Ethyl eelenidey b.p. 108°, 
is a heavy yellow oil which readily combines with halogens to compounds of 
VOL. I. N 
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the type Et^SeCl*. Nitric acid oxidizes it to the seJe^ioxide Et^SeO which forms 
the salt EtaSe(N 03)2 with more nitric acid. 

Selenites. — Ethyl seUnite, SeO(OEt) 2 , b.p. 184“ (partial dec.), is obtained 
from selenyl chloride cnid sodium ethoxide, or from silver selenite and ethyl 
iodide. This is evidence in favour of the formula SeO(OH )2 for selenious acid 
(Ann. 241, 150). 

Telluromercaptans are unknown. 

Tellurides. — Methyl and ethyl tellurides, Me 2 Te and EtgTe, b.pp. 80-82“ 
and 137-5°, are obtained as heavy yellow oils by distillation of barium alkyl 
sulphates with potassium telluride. Compounds of the following types are 
derived from the tellurides : Rj'TeO, R 2 TeCl 2 , R 2 Te(NOa) 2 , RgTel, RgTeOH. 
The compound MegTelg, dimethyltelluronimn iodide^ exists in two isomeric forms. 
These were originally regarded as stereoisomers (J.C.S. 117, 86, 889), but more 
recent work shows the isomerism to bo structural (J.C.S. 1929, 560). 

Dimethyl tellurium oxide^ (CH 3 ) 2 TeO, is a crystalline efflorescent compound, 
resembling, in its basic properties, CaO and PbO. It reacts strongly alkaline, 
expels ammonia from ammonium salts, and neutralizes acids. 

The compound MejTeOg, dimethyltelluroue , analogous to the sulphones, has 
also been prepared (J.C.S. 117, 889). 

The compound phenyl-p-tolylmethyltelluronium iodide, CeH6(C7H7)TeMoI, has 
been obtained in optically active forms (J.C.S. 1929, 2867). 


5. NITROGEN DERIVATIVES OF THE ALCOHOL 
RADICALS 

A 1. MONONITRO-PARAFFINS AND -OLEFINES 

By nitro-bodies are understood compounds of carbon in which the 
hydrogen combined with the latter is replaced by the univalent nitro- 
group, NO 2 . The carbon is directly united to the nitrogen, as is shown 
by the reduction of the nitro-derivatives yielding amino- compounds : 

R NO 2 f 6H = R NH 2 + 2 H 2 O. 

In the aromatic series the hydrogen atoms of the benzene nucleus 
are readily replaced by nitro-groups, e.g. : 

CeHe + NO 2 OH = CeH6N02 + H 2 O. 

Nitrobenzene. 

Comparative refractometric investigations have shown that tho nitro-group 
in nitroethane, and that in nitrobenzene, do not have the same structure (Z. 
physik. Chera. 6, 552). See Ber. 28, R. 153, for the heat of combustion of 
the nitroparaffins. 

(1) Direct nitration. — Normal paraffins are very stable towards 
nitric acid (p. 98), and are only acted on after prolonged heating at 
130-140^ with the dilute acid, whereby substitution products result 
(Konowalow, Ber. 26, R. 108 : 28, 1863 : C. 1898, I. 926 : 1899, 
I. 966, 1063 ; 1902, I. 564 : 1906, II. 312). 

Experience shows that, amongst the fatty bodies, the hydrogen 
atom which is attached to a tertiary carbon atom is more easily replaced 
by the nitro-group than that which is attached to a secondary carbon 
atom, and this, in turn, more easily than one attached to a primary. 
Amongst secondary compounds, that hydrogen is the more easily 
replaced if its carbon atom is connected to a tertiary radical. Mark- 
oivnikojf has expressed this in the following rule : In hydrocarbons 
that hydrogen is always more easily replaced when attached to a 
carbon atom which is affected by other carbon atoms (Ber. 33, 1907). 

(2) A common method for the preparation of the nitroparaffins 
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consists in heating the iodides of the alcohol radicals with silver nitrite 
(F. Meyer, 1872) (Ann. 171, 1 : 175, 88: 180, 111) : 

C 2 H 5 I + AgNO, = 4- Agl. 

The esters of nitrous acid, the alkyl nitrites, are formed simul- 
taneously in this reaction (Ber. 15, 1547). The silver nitrite behaves 
as if it consisted of Ag-NOj and Ag*0*N0. Mercurous nitrite behaves 
similarly to the silver salt (Proc. Chem. Soc. 1907, 246). Potassium 
nitrite, on the other hand, yields only the alkyl nitrite (c/. however. 
Method 3 (below) and C. 1907, I. 235). It is possible that the forma- 
tion of the esters takes place through the intermediate formation of 
olefines, which then unite with the nitrous acid to form nitrites (Ann. 
180, 157 : Ber, 9, 529) : more probably, an addition of the alkyl 
halide, either directly to the nitrogen atom, or with rupture of the 
N : O double bond takes place (J.C.S. 109, 701). 

(3) Simultaneously with the discovery of method 2, Kolhe demonstrated that 
nitromethane resulted from the action of potassium nitrite on chloroeicetic acid. 
The first product in this instance was nitroacetic acid, which broke down into 
carbon dioxide and nitromethane (J. pr. Chem. [2] 5, 427) : 

CH^Cl-COaH [CH2(N02) C02H] ^ CH3NO2 + CO^. 

By the same method a-bromopropionic acid and a-bromobutyric acid are made 
to yield nitroethano and nitropropane, and so on for the series (C. 1900, I. 126). 

(4) The nitroparaffins are also formed by oxidation of the nitrosopeiraffins 
(p. 183). 

(5) Zinc alkyls, acting on chloro- and bromo -nitroparaffins, produce mono- 
nitroparaffins (Ber. 26, 129) : 

Zii(CH,), 

CHa'CHBrNOg CH 3 -CH(N 02 )*CH 8 , Secondary nitropropane. 

Zn(CH,), 

CCla-NOg C-N 02 (CH 3 )s, Tertiary nitrobutane. 

Properties and Reactions, — The nitroparaffins are colourless, 
agreeably-smelling Liquids, which are sparingly soluble in water. They 
distil without decomposition, and only explode with difficulty. Their 
boiling points lie considerably higher than those of the corresponding 
nitrous esters (p. 166: see also p. 32). 

(1) Action of alkalis. — ^The action of potassium and sodium 
hydroxides on the nitroparaffins is to form salts when the NO 2 group 
stands next to a hydrogen atom in the molecule. Similar action on 
the isomeric nitrous esters results in the production of alcohol and 
an alkali nitrite. 

Victor Meyer, who discovered the nitroparaffins and studied them 
closely, assumed that, in the salts, the alkali metal was united directly 
with the carbon atom (Ann. 171, 28, 48) ; whilst A. Michael (J. pr. 
Chem. (1888), [2] 37, 507) and later Nef (Ann. (1894), 280, 263) 
showed it to be joined to an oxygen atom of the nitro-group. 

Potassium -nitroethane, CHgCHKNOj CHj-CH— NOOK. 

According to V. Meyer. According to A. Michael. 

The nitroparaffins are converted by alkalis into z^onitroparaffins 
(also called act-nitroparaffins or nitronic acids), from which the salts 
are derived (compare p. 50). If a solution of such an alkali salt 
is acidified, the t^onitroparaffin which is first precipitated changes 
into the corresponding nitroparaffin. A, F, HoUenuin (compare Ber. 
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33, 2913) showed how this change could be followed by rapidly-taken 
conductivity measurements, since the labile, salt-forming isonitro-body 
is an electrolyte, which turns into a stable, neutral, non-conducting 
nitro-compound. The rapidly falling conductivity runs parallel to 
the decolor izat ion of the first-formed yellow solution. Hantzsch 
succeeded in isolating phenylnitromethane in both its forms — 
CeH.CHsNOo and CeH^CH : NOOH (Ber. 29, 1223, 2251 : C. 1897, 
I. 1054). 

A new formula for the aci-nitroparaffins, based on the octet theory, 
and whicli accounts for the persistence of the asymmetry in the alkali 
derivatives of scc.-nitrobutane, has been put forward by R. Kuhn, 
Ber. 60, 1297. 

By various methods, the ac/-nitroparaffins can be converted into 
hydroxamic acids or their derivatives. 

R CH : NO OH ► R 

For example, the action of benzoyl chloride on sodium aci-nitroethane 
yields benzoylacethydroxamic acid, CH 3 C(OH) : NO-COCgHg, instead 
of the expected benzoylacinitroethane (C. 1898, I. 5G4). By dropping 
a solution of an alkali salt of a primary nitroparaflin into ice-cold 
dilute hydrochloric acid, a small quantity is converted into the 
hydroxamic acid (Ber. 35, 49). A number of primary nitro-compounds 
in ethereal solution are converted by gaseous HCl into hydroxamic 
chlorides (J. pr. Chem. [2] 84, 686). The formation of hydroxyl- 
amine and a fatty acid by heating a primary nitro-compound with 
concentrated HCl is referable to a primary change into a hydroxamic 
acid (Ann. 180, 163). 

(2) Reduction of nitroparaffins. — By gradual reduction, the nitro- 
bodies (F. Meyer, Ber. 24, 3528, 4243 : 25, 1714) pass first into alkyl- 
h\Tlroxylamines (p. 204) and then into primary amines : 

CH3NO, ► CH3 NH OH ^ CH3NH2. 

Xitroiiifthaue. .V-Methylhydroxylamiue. Mcthylainiut*. 

The conversion of nitro paraffins into primary amines proves, as 
indicated before, that the nitrogen of the nitro-group present in them 
is finked to caibon. 

(3) Reaction with nitrous acid. — The varying behaviour of the nitro- 
paraffins with nitrous acid at the moment of its formation from 
potassium nitrite and sulphuric acid is very interesting, according as 
the nitro-group is linked to primary, secondary, or tertiary radicals. 
Primary nitro-compounds in the presence of excess of yiotassium 
hydroxide give rise to an intense red colour due to a soluble, red- 
coloured alkali salt of a nitrolic acid, whilst the nitro-compounds of 
the secondary radicals yield a dark blue coloration, due to the forma- 
tion of a pseudo’uitrole : 


CH3 CH2NO, -f NOOH - CH3 C<^^^ -f H2O. 

Kthyl nitrolic acid 
(Xitroacetaldoxime) 

(CH,),CHNO, + NOOH = (CH,),C<JJy^ + H, 0 . 

Propyl 
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The nitro-compounds of tertiary radicals do not react with nitrous 
acid. Since the alcohols easily form iodides which react ^th silver 
nitrate, the preceding reactions serve as a means of distinguishing 
primary, secondary, and tertiary alcoholic radicals from one another 
(p. 136). 

(4) Chlorine and bromine, acting on the alkali salts of primary and 
secondary nitroparaffins, produce chloro- and bromo-nitro-substitution 
products. In them the halogen atom occupies the same position as 
the nitro-group. 

(5) Diazobenzene salts, acting on the alkali salts of the primary 
nitroparaffins, give nitrohydrazones (nitro-azoparaffins), e.g. nitro- 
acetaldehyde hydrazone, CH 3 C(N 02 ) : N-NHCgHs, results from potas- 
sium nitroethane and diazobenzene nitrate (Ber. 31 , 2626 ; see also 
Vol. II). 

(6) Reaction with aldehydes. — Primary and secondary nitroparaffins 
unite with aldehydes in the presence of alkali carbonates to form 
nitro-alcohols. As many molecules of an aldehyde unite with one 
molecule of a nitro- paraffin as there are hydrogen atoms united to 
the carbon atom to which the nitro-group is attached. The nitro- 
alcohols, as obtained by this method, will be described with the 
yx)lyatomic alcohols (C. 1897, II. 1000). Nitromethane and formalde- 
hyde give rise to nitrobutyl glycerol, the parent substance for the 
synthesis of glycerol : 

3CU,o /CHgOH 

XO^CHg V = NOoCVCHgOH. 

^ xCH^OH 

aa-Haloid nitroparaffins also condense with aldehydes to form 
meso-halogen nitroparaffins, which will be described under the section 
of the nitrogen derivatives of the ketone-alcohols or ketols. 

(7) ( ^arho7i disulphide reacts with the primary and secondary nitro- 
paraffins to yield condensation products, e.g. nitromethane and CSg 
in the presence of alkali yield the salt of nitrodithioacetic acid (Ber. 
52 , 542). 

NaOH 

CH.NO. j- CS., ^ NaO NO : CH-CS SH. 

For compounds resulting from the action of sodium ethoxide and 
the alkyl iodides on the nitroethanes, see Ber. 21 , R. 58 and 710. 

Zinc ethyl converts nitroethane into /i-ethyl-/:?- 5 cc.-butylhydroxyl- 
amine (Ber. 34, 2500). 

Primary mononitroparaffins : nitromethane, CH 3 NO 2 , b.j). 101". 

Sodiuyn and potafiftlu7n vitromcthayie explode with great violence when they are 
heated ; this also occurs when these substances, drieii in a desiccator, come 
into contact with traces of wat-er (Ber. 27, 3400). When mercuric chloride acts 
on sodium nitromethane, mercury fulminate is produced [q.t'.) (Ann. 280, 275). 
By the action of potassium hydroxide on nitromethane or of hydroxylarnine 
hydrochloride on sodium nitromethane, methazonic aci-d, CHgNO.^-CH : NOH, 
in.p. 79", the oxime of nitroacetaldehyde is obtained {q.r. See also Ber. 40 , 
3435). 

Nitroethane, CH 3 CH 2 NO, b.p. 113"; reaction between the sodium salt, 
C'BjCH : NOONa, and benzoyl chloride leads to the formation of benzoylaceto- 
hydroxamic acid, CH 3 C(OH)NO-COCgH 5 , and not to the expected benzoyl- 
f«onitroethane (C. 1898, I. 564). 

a-Nitropropane, CHa CHj CHaNOa, b.p. 130'’ ; oi-uilro-n-biUafiCy CHa CHg - 
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CHj'CHj NOj, b.p. 151° ; nitroisobutane, (CH 8 )aCH-CH 2 N 02 , b.p. 137-140° ; 
nitro-n octane. CHs CCHaJe-CHg-NOa, b.p. 205-210°. 

Secondary nitroparaffins. — p-Nitroproparw, CHa CH(N 02 ) CHa, b.p. 118°. 
P-Nitrobutafie, C 2 H 5 CH(NOa)*CHa, b.p. 138°, is obtained from methylethyl 
carbinol in two optically active modifications. The persistence of the optical 
activity after conversion into the alkali salts is important (Ber. 60, 1297 ; see 
also p. 180). 

Tertiary mononitroparaffins : Tertiary nitrobutane, (CH 8 )sC-NOa, b.p. 
126° ; ^-nitro-p-methylbutaney (CHa) 2 C(N 02 )C 2 H 5 , b.p. 150° (C. 1903, I. 625). 

Nitro- olefines. — Nitro-alcohols, obtained by the condensation of aldehydes 
with nitromethane (comp. p. 378), give up water under the action of zinc chloride, 
and form nitro -olefines, RCH : CHNOg ; nitroisohexylene^ (CH 8 ) 2 CHCH 2 CH : - 
CHNOj. b.p. 80°/10 mm. ; nitro -octyleney CgHiaCH : CHNOg, b.p. 114°/8 mm. 
Nitroisob'iitylene^ (CH 3 )C : CHNOg, is prepared by the action of fuming nitric 
acid on isobutylene ; and also by the abstraction of COg by alkali from a- 
nitrodimethylacrylic acid. Reduction of the nitro-olefines results in the 
formation of the oximes of the paraffin aldeliydes (p. 250) (C. 1903, II. 553). 

Nitropropylene, CHg : CH-CHaNOa, b.p. 887180 mm. (C. 1898, I. 192). 

Halogen nitro-compounds result (1 ) from di-halogen paraffins in which two 
different halogen atoms are attached to two C -atoms in the same chain, such as 
CHjCl-CHg'CHgBr, reacting with a mono -molecular quantity of silver nitrate ; 
(2) from nitroparaffins and Cl or Br ; (3) from nitro-alcohols and PCI 5 . These 
substances are acidic in character when a H-atom is united to the same C-atom 
as the nitro -group. The remarks which have been made on the constitution of 
the salts of the mononitroparaffins hold good for the salts of the halogen -nitro- 
compounds (p. 179). 

ChloronitronHthajie^ CHgClNOg, b.p. 122° ; hromoniXromethane^ b.p. 146° 
(Ber. 29, 1823) ; dibromonitromethane (Ber. 29, 1824). 

CLOL-Chloronitroethane, CHg-CHClNOg, b.p. 124° ; ccoL-bronionitroethane, b.p. 
146° ; oL^-chloronitroeihanet ClCHg-CHgNOg, b.p. 173° ; Oi(x<x-dibromonitroethane, 
CHg-CBrgNOa, b.p. 165°. 

oux-Chloronitropropayie y CHgCHgCHClNOa, b.p. 141° ; CL7,~bromonitropropanef 
b.p. 165° ; ^-chloro-ai-nitropropatiey b.p. 172° ; a-chloro-^-nitropropaney b.p. 170° ; 
aL-cMoro-yJiitropropaney b.p. 197° ; ^p-chloronitropropane, CH 8 CC 1 (N 02 )*CH 8 , 
b.p. 133° ; OL^-broTno7iitropropan€y b.p. 165° ; a'xy.-dibroinonitropropane y b.p. 185°. 

Triiodonitroethyleney CIg : CINOg, m.p. 109°, and diiododinitroethylene, 
NOgCl : CINO 2 , result from the action of fuming nitric acid or NgOj on diiodo- 
acetylene and tetraiodoethylene respectively (Ber. 33 , 2190). 

Following the scheme on which this wmrk is planned, the nitro -halogen 
compounds should take their places after the aldehydes, ketones, carboxylic 
acids and glycols, according to the position of the substituting atom and group. 
It is, however, more convenient not tv, divide them in this way, except to deal 
with nitrochloroform (chloropicrin), CCI 3 NO 2 , and nitrobromoform (bromopicrin) 
in conjunction with CCI 4 , CBr 4 , CI 4 . 

The bwlogen atom in chloro- and broino-mononitroparaffins can be replaced 
by alkyl groups by the action of zinc alkyls, whereby a homologous series of the 
mononitroparaffins can be built up (p. 179). 


A 2. NITROSOPARAFFINS, P5Ft/DONITROLES AND NITROLIC 

ACIDS 

Compounds containing the group — NO are described as nitroso- 
compounds. The primary and secondary nitrosoparaffins cannot as 
a rule be isolated, as they change readily into the tautomeric oximino- 
or wonitroso-compounds (cf. Ber. 35, 2323). 

RR'CH NO ^ ■—> RR'C : NOH. 

Tertiary nitrosoparaffins, on the other hand, are stable and are 
obtained by the oxidation of /S-alkyl-hydroxylamines (p. 204). 

The ketoximes, RjC : NOH (also acetaldoxime, CH3CH : NOH), 
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are changed by chlorine or bromine into chloro- or bromo-nitroaoparaffins, 
RaC<^®Q ; by N 2 O 4 or nitric acid into nitronitrosoparaffins^ RjCc^^q*. 

The latter, also known as paeudonitrolea, are also obtained (p. 184) 
by the action of nitrous acid on the secondary nitro-bodies, whilst 

the primary compounds yield nitrolic acids, under the same 

treatment. The latter substances are desmotropic, and can also be 
formulated as nitrosonitronic acids, 

Nitrosoparaffins 

The direct production of these bodies from the paraffins ha.8 not yet been 
brought about. Reduction of the nitroparaffins does not yield nitrosoparaffins, 
but a series of other bodies. Careful reduction gives rise first to ^-alkylhydroxyl- 
amines, R-NHOH, which will be examined later together with other alkyl - 
hydroxylamine derivatives (p. 204). But the f6rt.-alkyl-/3-hydroxylamines yield 
nitrosoparaffins by oxidation with chromic acid (Ber. 31 , 457) ; 

R3C NO2 >■ R3C NHOH RgC NO. 

The alkylamines, possessing a tertiary alkyl group, yield tertiary -nitroso - 
parafiins when oxidized by permonosulphuric acid, H2SO5, with the intermediate 
formation of /3-alkylliydroxylaraines : 

R3C NH2 ^ RgC-NHOH > R3C NO. 

«ec.-Alkyl-^-hydroxylamines are converted by oxidation into ketoximes or 
wonitrosoparaffins (p. 204), whilst the primary compounds yield hydroxamic 
acids (Ber. 36, 701). 

Nitroso -compounds are colourless crystalline bodies, having an odour of 
camphor, and are very volatile. In the solid stat-e they exist as double molecules, 
which are dissociated by heat or solution into the intensely blue coloured mono- 
molecular condition. This phenomenon can be observed in many complex 
nitroso -bodies (Ber. 35 , 3090). Sunhght retards this dissociation. Nitroso- 
bodies on oxidation yield nitro -compounds. 

i6rt.-Nitroso?>obutane, (Cn3)3C-NO, which forms colourless (dimolecular) 
crystals, melting at 76° to a blue (monomolecular) liquid, and tert.-nitrosoiso- 
pentane, m.p. 50°, are prepared by the oxidation of tor^.-butylamine and tert.- 
amylamine. 

Nitrosooctane. — The compound MeCH'(CH2)2 CMe2NO, m.p 54°, is ob- 
tained by reduction of the corresponding nitrooctane. 

Tneso-Halogen-nltrosoparaffins are prepared by the action of chlorine and 
sodium hydroxide (C. 1906, I. 1692), or of bromine and pyridine (Ber. 35 , 3092) 
on ketoximes (see above) : 

(CH3)2C<^1^ (CH3)2C = NOH > (CH3)2<b^^. 

They are blue, very volatile bodies, of a sharp odour and are easily decomposed. 
Oxidation changes them into halogen -nitro-bodies (p. 182) ; with silver nitrite 
they give rise to the p^eacfonitroles (see below). 

meso -Chloronitrosopropanc, (CH3)2CCl-NO, b.p. 7°/18 mm., is formed from 
(CHj) 2CNOH and NaClO. An excess of the latter forms chloronitropropane 
(p. 182). Bromonitrosopropaney b.p. 41*5°/161 mm. Brotnonitrosobuianey 

C2H5C(CH3)Br*NO, b.p. 28°/15 mm. Bronwnitrosodhnethylbutaney (CH3)3C*- 
C(CH3)Br-NO, m.p. 120°, with decomposition, form sky-blue crystals which cem 
be sublimed. 

(x.oL-Chloror\itro8oethauey CHgCHCl-NO, m.p. 65°, is prepared from acetaldoxime 
in hydrochloric acid solution and chlorine. It changes on fusion from colour- 
less (dimolecular) plates, to a blue (monomolecular) liquid. This soon becomes 
colourless, owing to an isomeric change to acetohydroxamyl chloride (q^.v.) which 
yields aaa-dichloronitrosoethane, CHa-CCl,*NO, a blue-coloured oil, b.p. 68°, by 
the further aetion of chlorine (Ber. 35 , 3113). 
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Pspi/rfoNitroles or m««o-NitronitrosoparafIins 

As alrea(iy ilescribed, the p^n^/rfonitroles are prepared : 

(1) By the action of nitrous acid on ^^cc.-nitroparaffins (p. 180) ; 

(CH3),CH-(N0.) + NO-OH - (CH,)jC<^^* + H,0. 

(2) From ?/#r/?o-halogen-nitrosoparaffin8 and silver nitrite (Ber. 35, 3093) : 

(CH,),C<^^ -f AgNO, = (CH,),C<^g« AgBr. 

(3) By the action of N2O4 on the ketoximes, which is the simplest method of 
jireparation (Her. 34, 1911) : 

4(CH3)2C : NOH + SNjO, = 4(CH3)jC<^"y* + 2HjO + 2NO. 

The y>^(’f/doni( roles are pungent, colourless crystalline substances, dimolecular 
when in the solid state. On melting or solution they change into the deep-blue 
rnonomolecular form (Ber. 35, 3094). They possess a neutral reaction, and are 
insoluble in water, alkalis, and acids. Chromic acid oxidizes them in glacial 
acetic acid solution to dinitro-compounds. Reduction with hydroxylamine in 
alkaline solution changes the p^rc/zdonitroles into ketoximes (Ber. 29, 88, 98). 

PropyIpseudonitroJ(, nitronitrofiopropayxe^ (CH3)2C(N02)N0, m.p. 70", with 
decomposition, is changed by NHoOH into tetramethvldinitroazoxymethano, 
0 = N-C(N02)(CH3)2 

il (Ber. 34, 1913) ; 6?/t?//pseudo??/7ro/c, ^^-}\itronitro8obuta.y\c^ 

N.C(X02)(CH3)2 

m.p. 58°. For the higher homologues, see Ber. 29 , 94 ; 35, 3095. 


Nitrolic acids 

As has already been described (p. 180). the nitrolic acids result from (1) the 
action of nitrous acid at the moment of its formation on the primary mononitro- 
compounds. (2) A more direct reaction is that of a-Monitrosocarboxylic acids 
with N2O4 during which COj is eliminated (C. 1903, 11. 937) : 

xNOH /NOH 

HOf + NjO, = HC<^ + CO„ -f HNOj. 

\C00H \NO, 


(3) They can also be obtained from dibromomononitroparaffins and hydro- 
xylamine : 


/NO2 

CHaBrj NOj -I NH^OII - CHg-Ck^ -f 2HBr. 

vNOH 


These methods of formation represent the nitrolic acids as nitro-oximes, but 
their coloured salts are more probably derived from the tautomeric nitrosovVionitro 
compounds, R*C(NO) : NO’()H. 

The nitrolic acids are solid, crystalline, colourless, or faintly yellow-coloured 
bodies, soluble in water, alcohol, ether, and chloroform. Th(*y are weak acids, 
and form very explosiv^e salts with alkalis, yielding at the same time a dark-red 
colour. The er>^thronitrolic acid salts are changed by Ihci action of sunlight 
and of heat t-o the colourless leuco-nitrolic acid salts from which the nitrolic acid 
cannot be regenerated (Ber. 31 , 2854). They are decomposed into hydroxylamine 
and the corresponding fatty acids by tin and hydrochloric; acdd. When heated 
with dilute sulphuric acid they split up into oxides of nitrogen and fatty acdds. 
They are converted into esters when treated with acid chlorides (Ber. 27 , KiOO : 
29 , 1218). For further reactions, see the derivatives of the fatty acdds. 

Meihyhiiirolic arui^ CH(N02) •* NOH, m.p. 08° (dec.). Ethylnitrolic acidy 
m.p. 88° (dec.). Projjylnitrolic arid, m.p. 00° (dec.). 

Nitroalkyl/Acmitramines, such as nitroeihyl'iHonitrainiiie, CH3CH(N02)N202H, 
result from the passage of NO int/O an alcoholic solution of an aliphatic mononitro- 
body, containing sodium ethoxide (Ann. 300, 100). 

Dii^onitramines, such as ynethylene dii^onitrarnine, CH2(N202H)2, result 
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from the action of NO, in the presence of sodium ethoxide, on an alcoholic solution 
of a ketone which contains the CO gi*oup attached to a methyl or methylene 
group (Ann. 300, 81). * 


A 3. DINITROPARAFFINS 

There are throe classes of dinitroparaffins ; the two nitro -groups may be 
joined — 

(1) to one terminal carbon atom : 0 iy.-dinilroparaJfhtiH or 'primary dinitro- 
compounds ; 

(2) to an intermediate carbon atom : im'-mdinitroparaffinft or secondary 
dinitro-compounds ; 

(3) to two different carbon atoms. 

Those throe classes, according to the position of the groups, bear the same 
relations to aldehydes, ketones, and glycols as do the rnononitroparaffins to the 
alcohols ; 


CH20H 

1 

CHO 

CO 


/CH30H 

1 

A 

CH3< 

CH3 

CH, 

CHjCHj 


Njh.oh 

CH2N02 

CH(NO„)„ 

1 

C(NO,), 

A 

CH3< 

/CHjNOj 

CH3 

CH3 

CH3CH3 


AhjXOj 


Notwithstanding these points of relationship, it is practicable to discuss the 
dinitroparaffins after the bromonitro- and nitrosonitro-bodies {pscudonitvolQB). 

Formation. — (1) By the oxidation of the pseudomXvo\e% with chromic acid 
mGsod in itroparajf ins arc produced : 

(2) They result from the interaction of potassium nitrite and the bromo- 
nitroparafiins : 

CHjCH- ; ^ + IvNOj - CHj + KBr. 

(3) By the action of concentrated nitric acid on 

(a) secondary alcohols, 

(b) ketones, 

(c) mono-alkyl acetoacetic esters, 

the carbon chain is torn asunder and aa-diiiitroparaffins are formed (C. 1901, 
II. 334) : 

(C2H,)2CH0H CH3-CH(N0.)2 

{C,U,),CO ^ CH3<:H(N02)2 

CH3CO CH(C2H3)r()2C2H5 CH3-CH2 CH(X03)2. 

The action of alkyl iodides on the salts of the primary dinitroparaffins results 
in the production of nn^Jodinitroparaffins (comp. Ann. 280, 282). 

(4) By the oxidation with nitric acid of saturated monocarboxylic acids, 
containing a tertiary carbon atom : /.sebutyric and cvovaleric acids yield mesa- 
dinitropropane : 

(CH3)2CHC02H > (CH3)2C(N02)2 (CH3)2CH-CH2*C02H. 

Tlio primary dinitro-bodies are acids in wliich the group CH(N02)2 changes 
into C(N02) : NOOH. The primary and secondary classes lose hydroxylamine 
when they are reduced with tin and hydrochloric acid. The former yield, at the 
same time, monocarboxylic acids, and the latter ketones (Ber. 23, 3494). 

Dinitro methane^ CH2(N02)2» is ^ colourless volatile oil (Ber. 32, 624). olol-DI- 
nitrocthane^ CH3CH(N02)2» b-P- 185-186' ; oLOL-dinitropropancy CH 3 CH 2 CH(NOj) 2 , 
b.p. 189° ; OLOi-dlnilrohcxaney b.p. 212° ; ^fi-din itroproiHinCy CH3C(N02)2CH3, 
rn.p. 53°, b.p. 185*5° ; ^fS-d initrobutaney CH3CH2C(N()2)2T'H3, b.p. 199°. For 
higher honiologues, see Ber. 29, 95. 

-Dinitroparaffins an’ obtained by the action of finely di\ided silver on 
the mc^obrornonitroparaHins (p. 182) : 

2R2C(N03)Br + 2Ag = R3C(N03)-C(N03)R3 + 2AgBr. 
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^y-Dhiitro-^Y’dimethylbutan^, (CH,),C(N 02 )*C(N 02 )(CH 3 )„ m.p. 211°, can be 
obtained by heating diiaopropyl with dilute nitric acid (comp, also p. 178) ; and 
by electrolysis of the potassium salt of «gc.-nitropropane. yh-Dinitro-yh-du 
m^thylhcxane^ m.p. 80°, is prepared from |8j9-bromonitrobutane (C. 1907, I. 
230). (xylhnitropropane, NOjCHjCHgCHjNOg, is obtained as an unstable 
oil from trimethylene iodide and silver nitrite. OLS-Dinitrodiisobutyl, NO^C- 
(CH 3 ) 2 CH 2 CH 2 C(CHg) 2 NOg, m.p. 125°, is prepared from dmobutyl by heating it 
with dilute nitric acid. oi^-DinitrodiiBoainyl, (CH 3 ) 2 C(N 02 )[CH 2 ] 4 C(N 02 )(CHa) 2 , 
m.p. 102°, is simileurly prepared (Ber. 25, 2638: 28, 1858: C. 1906, II. 312 et 
scq.). These dinitropar€ifi&ns yield the corresponding diamines when reduced. 

HalogendinitroparafTins. — Tetrachlorodinitroethane, NOaCClg’CClaNOj, is 
obtained from tetrachloroethylene and carefully dried nitrogen tetroxide (J. 
Phys. Chem. 23, 578). 

A 4. POLYNITROPARAFFINS 

Trinitrome thane, nitrofomi, CH(N 02 ) 8 , m.p. 15°, was first prepared by 
the action of water on trinitroacetonitrile, which gave at the same time COg 
and ammonium ?>onitroform. It is also prepared from tetranitromethane by 
the action of alcoholic potassium hydroxide or ammonia with the simultaneous 
production of ethyl nitrate : 

C(N02)a CN + 2 H 2 O = (N02)2C : NOONH 4 + COg. 

C(N02)4 + CgHgOK = (N02)aC : NOOK + CgHgO NOg. 

It also results from the interaction of acetylene (p. 110) and nitric acid. 

It forms colourless crystals, dissolving to a colourless solution in non-aqueous 
solvents, but turning yellow in water. The salts are also of a yellow colour, and 
are probably derived from wonitroform (N02)2C : NOOH (r/. p. 179). In non- 
dissociating solvents a colourless mercury salt, (N 02 ) 8 C*}Hg, is formed, but in 
dissociating liquids this exists as yellow (N02)2C : NOb*iHg (Ber. 38, 973). 
Thus, in water it assumes the iso- or act- condition, and is a very strong mono-basic 
£icid. 

Free trinitromethane is volatile in steam, and explodes violently on heating. 
The freshly prepared potassimn salt explodes at 97-99°, and spontaneously 
decomposes, on keeping, in dry air. The ammonium compound crystallizes in 
yellow needles, and explodes mildly at 200°. The silver salt dissolves easily in 
water and in alcohol (Ber. 32, 628). 

Trinitroe thane, CH 3 C(N 02 ) 8 » m.p. 56°, is obtained from the silver compound 
of trinitromethane and iodomethane ; and also from methylmalonic acid and 
nitric acid. It is insoluble in water. Potfiissium hydroxide solution changes it 
into potassium dinitroethane, whilst potassium methoxide produces dinitroethyl 
methyl ether, CKfiClEL^CK{NO^)^ (Ber. 36 , 434). 

Chlorotrinitromethane,c/iZoror){irtj/orm, CC 1 (N 02 ) 8 , m.p. + 4-5°, b.p. 32°/10 
mm., is obtained by passing chlorine into an ethereal suspension of potassium 
nitroform (Ber. 54, 1483). 

Bromonitroform, hromotrinitromethaney C(N 02 ) 3 Br, m.p. 12°, is produced 
when bromine and nitroform remain in contact for some days in the sunlight. 
A quicker method is to pass bromine into an aqueous solution of the mercury 
salt of nitroform. It can be obtained similarly to the chloro- compound. It 
is volatile in steam without decomposition. 

Tetranitromethane, (CN 02 ) 4 , m.p. 13°, b.p. 126°, = 1*65, is obtained 

from diacetyl orthonitric acid and acetic anhydride (Ber. 36 , 2225) ; also by 
warming nitroform with a mixture of fuming nitric acid and sulphuric acid. 
It is a colourless oil, insoluble in water, but easily soluble in alcohol and ether. 
It is very stable and distils without exploding. On the other hand, when mixed 
with other carbon compoimds it explodes violently on ignition (c/. Z. angew. 
Chem. 33 , 245 : Chem. Ztg. 44 , 497). The decomposition with sodium ethoxide 
sometimes takes place explosively (Ber. 46 , 2537). 

With aqueous alkali, it decomposes either into the alkali salt of nitroform 
and a nitrate or into a nitrite and an alkali carbonate, according to the con- 
centration of the alkali. Constitution of tetranitromethane^ see Ber. 37, 1779: 
52, 400. 

With many unsaturated compounds and aromatic compounds, and with 
piperidine, tetranitromethane yields yellow to brown-red colorations, and can 
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be used as a reagent for detecting double bonds (Ber. 42, 4324 : J. pr. Chem. 
[2J 84, 489). In the presence of pyridine it can be used for the nitration of 
unsaturated side-chains (Ber. 55, 1761). 

Tetranitroe thane is obtained as a dipotassium salt, KOON : C(N02)-C(N0j) 
NOOK, from bromopicrin, CBrgNOj, and potassium cyanide. It is decomposed 
by cold dilute sulphuric acid, forming dinitromethane (Ber. 35, 4288). 

Hexanitroethane, (N02)3C‘C(N02)8» m.p. 142° (partial dec.), is formed by 
the action of a mixture of nitric and sulphuric acids on potassium tetranitroe thane. 
It explodes on rapid heating, but is insensitive to blows (Ber. 47, 961). 


B. AMINES AND ALKYLAMMONIUM DERIVATIVES 


Amines are substances formed by replacement of the hydrogen 
atoms in ammonia by alkyl groups. 

According as one, two, and three atoms are substituted, there 
result the primary, secondary, and tertiary amines : 


Nf-B 

\b 

Ethylaminc. 


/C,H, 

\h 

Diethylainlne, 


/C2H, 

n~ch, 

\h 


Methyl- 

ethylaiiiino. 


/C^H, 


Triethylainine. 


/C3H, 

N^CjH 

\CH 


Methylethyl- 

propylaraine. 


Among the secondary and tertiary amines, may be distinguished 
simple amines, those with similar alcohol radicals, and mixed amines, 
those containing different alcohol radicals (comp, simple and mixed 
ethers, p. 154). Derivatives also exist which correspond with the 
ammonium salts and hypothetical ammonium hydroxide, NH4OH : 

(C2H6)4NC1. (C2H8)4N-0H. 

Tetraethylammonlum chloride. Tetraethylammonium hydroxide. 

known as the quaternary alkylammonium compounds. In these 
compounds the group R4N* plays the part of an alkali metal, and 
by electrolysis of tetraethylammonium iodide in liquid ammonia at 
— 70'', Schlubach has obtained the free tetraethylammonium at the 
cathode. It forms deep-blue solutions in liquid ammonia, and be- 
haves very like metallic potassium (Ber. 54, 2811). 

Schlenk has prepared a new series of compounds by the action 
of sodium alkyls on tetramethylammonium chloride (Ber. 49, 603 : 
50, 274, 276) : 

R Na + (CH3)4N-C1 NaCl -f (CH3)4N R. 

In these compounds the radical R takes the place of the electro- 
negative chlorine, and the compounds behave as electrolytes in abso- 
lute p3Tidine and are hydrolysed by water according to the equation : 

R NM04 + H2O R H -f NMe,OH. 

This affords further evidence that the fifth valency in penta valent 
nitrogen compounds is different from the other four, and, indeed, 
there is no evidence that nitrogen can ever have more than four 
'' covalencies.” The fifth must always be an electro valency. 

Isomerism of amines . — The isomerism of the alkylamines depends 
on (a) the different combinations of alkyl groups attached to the 
nitrogen atom — “ metamerism ” — e.g. diethylamine, (C2H6)2NH, and 
methylpropylamine, (CH3)(C3H7)NH, both with the same empirical 
formula, O4H11N, and (6) isomerism within the various alkyl groups. 
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The tertiary amines containing three different alkyl groups have not 
been resolved into stereoisomeric forms, in spite of very numerous 
attempts (see Ber. 57 , 1744). 

History. — The exist^ence of alkylamiiios, or alcohol bases, was very definitely 
predicted by Liebig in 1842 (Hdw. 1 , (>89). In 1849 Wurtz discovered a method 
for the preparation of primary amines, which consisted in decomposing wocyanic 
esters with aqueous potassium hydroxide . This was a discovery of the greatest 
importance for the development of organic chemistry. Shortly afterwards, in 
1849, .4. W. Hofmann, by the action of alkyl halides on ammonia, discovered 
a reaction which made possible the preparation of all the classes described in 
the preceding paragraphs : primary, secondary, tertiary aniines, and the alkyl- 
ammonium bases. This afiorded the experimental basis for the introduction of 
the ammonia type into organic chemistry (comp. p. 22). Since that time numer- 
ous other methods have been found, particularly for the primary amines. 


Methods of Formation of Amines 

The principal methods of formation of amines fall into the four 
following classes : 

I. From alkyl halides (and other esters), the halogen atom 

being replaced by an amino group. 

II. By reduction of various nitrogen compounds. 

III. From Isocyanates or t^othiocyanates and alkalis. 

IV. Various other methods. 

/. From Alkyl Halides and other Esters 

(1) The iodides, the bromides, or the chlorides of the alcohol 
radicals are heated to 100', in sealed tubes, with alcoholic ammonia 
(A. W. Hofmann, 1849). Two reactions occur here : first, the alkyl 
halides combine with the ammonia, forming alkylammonium salts, 
which are then partially decomposed by excess of ammonia into 
alkylamines, with which the alkyl halides again react, e,g. : 

NH, 

NH 3 ^ C2H5J=NH2(C2H0HI ^ NH 2 C 2 H 6 -f NH 4 I. 

NH, 

NH 2 C 2 H 5 4- ^ NH(C 2 H 5)2 -f- NHJ. 

NH, 

NH(C2H5)2 + C2HJ = N(C2H5)3HI ^ N(C2H,)3 + NHJ. 

N(C2H3)3 + C2HJ-N(C2H5)4l- 

The final product consists of the hydroiodides of primary, second- 
ary, and tertiary amines, as well as the quaternary ammonium com- 
pounds. The amines are best obtained on a large scale by the action 
of ammonia on the alkyl bromides (Ber. 22, 700). 

Potassium and sodium hydroxides decompose the salts of the 
alkylamines, wdth the liberation of the free bases, whereas the qua- 
ternary tetra-alkylammonium salts are not decomposed by alkali 
hydroxide, and can thus be easily separated from the primary, 
secondary, and tertiary amines (Ber. 20, 2224). 

It is remarkable that the iodides of primary and secondary alkyl 
radicals yield amines, whilst the tertiary alkyl iodides split off hydrogen 
iodide and pass into olefines. On the further alkylation of primary 
and secondary amines by means of alkyl bromides, see Ber. 38, 1539. 
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(2) The esters of nitric acid, when heated to 100® with alcoholic 
ammonia, react in a manner analogous to the alkyl iodicjes : 

C^H^ONOg + NH3 = C,H,NH2 + HNO,. 

This reaction is often very convenient for the preparation of the 
primary amines (Ber. 14, 421). 

(3) Tertiary amines are produced when primary and secondary 
bases are heated with an excess of potassium methvl sulphate (Ber. 
24, 1678) : 

(C2H6)3NH -f CHgOSOaK = -f- HOSO3K. 

(4) Mono-, di, and tri-alkylamines are obtained by directly heat- 
ing the alcohols to 250-260° with zinc-ammonium chloride, ZnCl 2 *NH 3 
(Ber. 17, 640). 

(5) The methylation of ammonia and amines can easily be carried 
out by means of two reagents — dimethyl sulphate (p. 167) and form- 
aldehyde (p. 223) (comp. Ber. 38, 880 : Ann. 327, 104 : C. 1906, 
IT. 1716), e.g. : 

NH3 + (CH3)2S0, NH3 CH3 -f H(CH3)S0,. 

120 “ 

2NH4CI -f 9CH2O 2N(CH3)3 HC1 -f 3CO2 + 

(6) By the use of phthalirnide . — Phthahmide (see Vol. II) forms a 
potassium derivative, which, when acted on by an alkyl halide, readily 
yields iV-alkylphthalimides. These are readily hydrolysed into 
phthalic acid and the required primary amine. This method is a 
useful one for preparing pure primary amines, unrnixed with secondary 
(Gabriel, Ber. 20, 2224 : 24, 3104). 

C„H«<g[^>NH C,H.<[;g>NK — ► 

KOH 

^ + NH3R. 

II. By reduction of various Nitrogen Compounds 

(7) Nitro compounds . — Amines arc formed by the reducing action 
of nascent hydrogen, from zinc and hydrochloric acid on the nitro- 
paraffins (p. 180), when the alkyl hydroxylamines appear as inter- 
mediate products, or on the halogen mononitroparafilns : 

-f 4 H - CHgNHOH + H, 0 . 

CH3NO2 + OH = CH3NH0 + 2 HoO. 

CCI3NO2 + 12 H - CH3NH2 I 2H2O + 3 HC 1 . 

This method is particularly importaut in the manufacture of commercially 
valuable primary aromatic amines — v.g. aniline, CBH5NH2— from the readily 
accessible aromat ic nitro -bodies. Zinin discovered the method when investigat- 
ing the reduction of nitrobenzene, CaHaNOg, and V. Mayer applied it to the 
aliphatic nitro -derivatives. 

The isomeric nitrites are not reduced, but hydrolysed, by this method. 
However, by leading their vapour mixed with hydrogen over heated finely- 
divided nickel they are reduced to amines, probably undergoing previous iso- 
merization to nitro-compounds (Ann. Chim. Phys. [8] 25 , 125 ). 

(8) Azatnethine ( — C : N — ) campo^inds. — (u) From aldehyde-alkyl- 
imines with sodium in absolute alcohol (Ber. 29, 2110 : 43, 2031). 

R CH : NR' + 2 H ► R CHg NHR' 
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(b) From aMehyde.-armnonias, by zinc dust and HCl (Ber. 27 , R. 
437). 

(r) From phenylhydrazones (Tafel) and oximes (Goldschmidt) of 
aldehydes and ketones by sodium amalgam and glacial acetic acid 
(Ber.‘l9, 1925, 3232: 20 , 505: 22 , 1854). 

RR'C : N NHCeHs > RR'CH NHa + CoH^NHo 

RR'C : NOH > RR'CH NHjj 

Reaction (a) yields secondary amines, whilst (6) and (c) giv^e rise to primary 
amines, together with some secondary and tertiary amines. The above reactions 
can be carried out with molecular hydrogen in presence of finely divided nickel or 
copper (C. 1905, II. 540) ; also by electrolytic hydrogen in acid solution (Ber. 
42, 3994). 

(9) Nitriles. — These can be reduced to amines by means of sodium 
and alcohol (Ber. 18 , 2957 : 19 , 783 : 22 , 1854) or catalytically by 
hydrogen and palladium or nickel (Ber. 56 , 1988). 

CHgCN + 4H CH 3 CH 2 NH 2 

Acetonitrile Ethyhuuine. 

(methyl cyanide). 

Secondary and tertiary amines are also produced as by-products. This 
reaction forms an importtint step in the synthesis of a carbon compomid con- 
taining 71 1 carbon atoms from one containing n. 

(10) Acid amides and ihioamides. — The amides can be reduced by 
sodium and boiling amyl alcohol (C. 1899, 11, 703) and the thioamides 
by aluminium amalgam in alcoholic or ethereal solution (Ann. 431 , 
190) : 

R CO NH 2 -h 4H ^ HoO 4 - R CHg-NHo 


III, From isocyanates and isothiocyanates 

(11) Alkyl isocyanates or isothiocyanates when heated with alkalis 
yield pure primary amines {WurtZy 1849) : 

R N : CO 2KOH R NH., -f K 2 CO 3 

R N : CS 4- 3KOH ^ K-NH^ + KSH 4 - K^COg. 

Alcohols can be conveniently converted into the corresponding pure primary 
amine by converting them into the iodide, treating this with silver oyanate, and 
then disliilmg the product with solid sodium hydroxide from the oil-bath (Ber. 
10, 131). 

(12) Carbylamines (isonitriles) also yield amines when heated with 
dilute hydrochloric acid, formic acid being split off (A. W. Hofmann) : 

R NC 4 - 2 H 2 O R NH 2 4 - H COOH. 

IV. Various other methods 

(13) From amino-acids. — Amino-acids are broken down with the 
formation of amines when they are heated with baryta. The forma- 
tion of amines from amino-acids by the action of various micro- 
organisms is of great importance : 

R CH(NHd COOH R CH. NHa 4 - CO 2 . 

(14) From aromatic 'p-nitrosamines. — The decomposition of the 
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secondary and tertiary aromatic p-nitrosamines into salts of nitroso- 
phenol (q.v.), by means of potassium hydroxide, affords a means of 
preparing primary and secondary amines ; p-nitrosodimethylaniline 
yields dimethylamine : 

NO CeH 4 N(CH 3 )j + KOH - NH(CHa )2 + 

(15) From acid amides. — ^The conversion of the amides of the 
mono-carboxylic acids into amines containing an atom less of carbon 
{A. W. Hofmann^ Ber. 18 , 2734 : 19 , 1822), can be effected by means 
of potassium hydroxide and bromine. 

This reaction constitutes an intermediate step in the decomposition 
of the saturated monocarboxylic acids, because the primary amines 
can be changed to alcohols, and the latter be oxidized to carboxylic 
acids, containing an atom less of carbon than the fatty acids, whose 
amides constituted the parent substance. 

The reaction proceeds in four stages. The first is the formation 
of the “ bromoamide ” of the fatty acid. The second stage is the 
formation of an unstable intermediate compound, which (III) under- 
goes isomerization leading to the formation of an alkyl isocyanate, 
which, lastly, is broken down by excess of alkali into the primary 
amine and potassium carbonate (Ber. 35 , 3579 : J. pr. Chem. [2] 73 , 
228 : C. 1903, I. 489) : 

I. C 2 H 5 CONH 2 + Br 2 4- KOH = CgHsCONHBr + KBr + HoO. 

II. CaHsCONHBr -f KOH = C^Hg-CONc -f KBr -f H^O. 

III, C 2 Hg‘CON< isomerizes to CgHg'N : C : O. 

IV. CjHgNCO 4 - 2KOH -= C^HgNH^ + K 2 CO 3 . 

The bromoamide and the alkyl wrocyanato can both be isolated under special 
conditions. 

If one molecule of bromine acts on two of the amide, compound ureas {q.v.) 
are formed— acetamide yields acetyl monomethyl urea. 

The amides of the fatty acids containing more than 5 C -atoms yield at the same 
time an increasing quantity of the nitrile of the next lower acid, e.g. CgHi-CONHj 
gives C 7 Hi 5 *CN. If, however, the higher bromamide or chloramide is converted 
by sodium methoxide into the corresponding urethane and the latter is hydrolysed, 
a good yield of the higher primary amine is obtained (Ber. 30, 898 : C. 1899, II. 
3(53). 

(16) From, acid azides. — Similar, too, is the formation of primary 
amines from acid-azides and alcohol. The corresponding acid is con- 
verted into its ester, the ethoxy-group is then replaced with (NH-NHa) 
by means of hydrazine hydrate, the Sicld-hydrazide, R-CO-NH-NHg, 
is changed by nitrous acid into the azide R-CO’Ng, which is boiled 
with water or alcohol, and the resulting urea or urethane acted on 
with concentrated hydrochloric acid, when the alkylized base is 
liberated (Curtins, Ber. 27 , 779 : 29 , 1166). An isocyanate is a 
probable intermediate compound in this reaction also. 

C,H,OH UC’l 

r.CO Nj > R NH CO OCgHg ^ R NH,. 

(17) From ketoximes. — When the oximes of ketones are treated 
with certain reagents, such as acetyl chloride, they undergo an intra- 
molecular rearrangement with the formation of a substituted acid 
amide. This can be hydrolysed to yield the corresponding primary 
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amine (Ber. 42, 2340 : 44, 1207). The mechanism of this “ Beck- 
mann tramsformation '' is discussed on p. 268. 

C3H7CCH3 O : CCH3 HOCOCH3 

II ^ I ^ + 

NOH C3H-NH C3H,NH2. 

Methyl propyl Acetprojjyl- J*ropylaiiilno, 

ketoxiiiie. nitildc.* 

Another related reaction is tlie transformation of hydroxamic 
acids (compare Benzhydroxamic acid, Vol. IT). 


Properties and Reactions of the Amines 

The amines are very similar to ammonia in their behaviour. The 
lower members are gases, possessing an ammoniacal odour, and are 
very readily soluble in water. Their combustibility distinguishes 
them from ammonia, a property to which Wurtz drew attention in 
connection with ethylamine (Ber. 20, R. 928). The higher members 
are liquids, readily soluble in water, and only the highest dissolve 
with difficulty. Many amines possess the power of forming hydrates 
with water, accompanied by very considerable rise in temperature. 
They can be dried over potassium carbonate. Most of the oily 
hydrates contain one molecule of water for each nitrogen atom. 
This can only be removed by means of potassium hydroxide (Ber. 
27, R. 579), or by distillation over barium oxide. Like ammonia, 
they unite directly with acids to form salts, which differ from am- 
moniacal salts by their solubility in alcohol. They combine with 
some metallic chlorides, and form compounds perfectly analogous to 
the ammonium double salts ; e.g. : 

[N(CH3)H3Cl]2PtCl4. N(CH3)H3Cl,AuCl3. [N(CH3)3HCl]2HgCl3. 

The compounds with picrolonic acid, picric acid and other aromatic 
poly-nitro compounds are of importance, and are frequently of value 
in the identification of amines. 

The ammonia in the alums, the cuprammonium salts and other 
compounds may be replaced by amines. 

The dissociation constant of the amines is greater than that of 
ammonia, and increases with the number of alkyls introduced (J. pr. 
Chem. [2] 33, 352: Ann. 345, 256: Z. physik. Chem. 77, 385: 
J.C.S. 101, 1635). 

The reactivity of the primary and secondary amines, as compared 
with the tertiary amines, is dependent on the ease with which the 
ammonia hydrogen atoms, not substituted by alcohol radicals, are 
replaced ; hence, the primary and the secondary amines in many 
reactions behave like ammonia. 

A primary amine is distinguished from a secondary amine, and this 
from a tertiary amine, by treating the amine alternately with iodo- 
methane and potassium hydroxide until all the hydrogen atoms in the 
ammonia present are replaced by methyl groups. Whether the latter 
have entered, and what their number may be, is most conveniently 
determined by the analysis of the platinum double chloride of the 
base previous to and after the action of the iodomethane. If two 
methyl groups have entered, then the amine was primary ; if one 
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methyl group has entered, then the base was secondary ; and should 
the base remain unchanged, then it is tertiary in its charac;ter. 

Tertiary, secondary, and primary amines may also be obtained by 
the dry distillation of the halogen salts of the ammonium bases, such 
as the methylammonium hydrochlorides : 

N(CH3),C1 = N(CH3)3 + CH3CI 

N(CH 8 ) 8 HC 1 = NH(CH3)2 + CH3CI 
NH(CH3)2HC1 = NH2(CH3) + CH3CI, etc. 

These reactions serve for the commercial production of methyl 
chloride (p. 164) from trimethylamine. 


Reactions 

(1) Primary and secondary amines, like ammonia, react with 
acid esters, forming acid mono- and di-alkyl amides {q.v.) and alcohols. 
A. W. Hofmann based a method for the separation of primary, 
secondary, and tertiary amines upon their behaviour towards diethyl 
oxalate (Ber. 8, 760). 


The mixture of the dry bases is treated with diethyl oxalate, when the primary 
amine, e.g. methylamine, is changed to dimethyloxamide, which is soluble in 
water, dirnethylamino is converted into the ester of dimethyloxamic acid (see 
oxalic acid compounds), and trimethylamine is not acted on : 

2NH2(CH3) + ^ CONH CH^ 2C2H5OH. 

COOC2H5 CONHCH, 

Diethyl oxalate. Dimethyloxamide. 

NH(CH3). + + C,H,OH. 

COOC2H3 C0N(CH3)2 

Dimethyloxamic ester. 

When the reaction-product is distilled, the unaltered trimethylamine passes 
over. Water will extract the dimethyloxarnido from the residue ; on distillation 
with potassium hydroxide it changes into methylamine and potassium oxalate : 

CONH-CHj 2 KOH = CoOjKj + 2 NH 2 (CH,). 

CONHCHj 

The insoluble dimethyl oxamic ester is converted, by distillation with potas- 
sium hydroxide, into dimethylamine : 

COOCjHj 2 KOH = CjO^Kj + NH(CH,), + C,HjOH. 

CON(CH,)j 

The behaviour of the primary and secondary amines towards formaldehyde 
can be utilized for their separation from one another (Ber. 29, R. 520). 


(2a) The secondary aliphatic amines, e.g. diethylamine (also 
piperidine), are readily acted on by a series of non- metallic chlorides, 
non-metallic oxy- and sulpho-chlorides, as well as chlorides of inorganic 
acids. The dialky famine residue replaces one or all of the chlorine 
atoms. The products are dialkyl amides (Ber. 29, 710). 

Thionyl chloride replaces both the hydrogen atoms in primary 
amines by the thionyl residue, with the production of thionylamines, 
the alkylated imides of sulphurous acid (Michaelis), which bear the 
same relation to sulphur dioxide that the isocyanic esters do to carbon 
dioxide. 

Nitrosyl chloride, NOCl, and nitrosyl bromide, NOBr, produce 
from primary amines alkyl chlorides and bromides, with the formation 
VOL. I. o 
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of water and nitrogen ; under similar treatment secondary amines 
yield nitrosamines (C. 1898, II. 887 : Ber. 40, 1052). 

The following arrangement, taking diethylamine as example, affords 
a review of these reactions : 

S— N(C,H5), Dithio-diethylamine. 

S— N(C.H,). 

-> Monothio-diethylamine. 

^ S0N(C2H6) Thionyl-ethylamine. 

^ Thionyl-diethylamine. 

Sulphuryl- or Sulpho -diethylamine. 

->'N0-N(C2H5)2 Nitroso -diethylamine. 

-> PClgNiCgHfilg Diethylamine-chlorophosphine. 

< POCl2N(C2H5)2 Diethylamine -oxychlorophosphine. 
P0[N(C2H5)2]3 Tridiethylamine-phosphino-oxide. 
PSCl2N(C2H 5)2 Diethylamine-sulphochlorophosphine. 

-V BC12N(C2Hb) 2 Diethylamine -chloroboride. 

-> SiClaN(C2HB)2 Diethylamine -chlorosilicide. 

(26) Primary and secondary amines behave like ammonia towards 
organic acid chlorides — t.q. acetyl chloride — forming mono- and di- 
alkyl amides. 

The reaction proceeds twice as fast in the case of the primary 
amines as in that of the secondary. 

Primary, secondary, and tertiary bases can be separated from each other by 
means of benzene sulphochloride, CgHB-SOgCl. In the presence of alkalis tertiary 
amines do not react ; under similar conditions secondary amines yield insoluble 
di-alkylsulphonamides, CBHgSOjNRgt whilst primary amines form mono-alkyl- 
sulphonamides, CeHBSOjNHR, which yield soluble sodium salts CgHBSOg'NNaR 
with eujueous sodium hydroxide, but which are insoluble when produced by 
metallic sodium under ether. Dibenzenesulpho -alkyl amides (CgH 5802)2^11 
occur as subsidiary products which form similar sodium salts CoHBSOaN-NaR 
when warmed with sodium alcoholate (Ber. 38 , 908 : C. 1906 , II. 15 ). 

(2c) The primary and secondary amines react similarly with 
2 : 4-dinitro-bromobenzene or 2 : 4 : 6-trinitrochloro-benzene as with 
acid chlorides (Ber. 18 , R. 540), giving rise to di- and trinitrophenyl 
alkyl- and di-alkylamines. 

(3) Primary and secondary amines combine with many inorganic 
and organic acid anhydrides — e.gr. sulphur trioxide, acetic anhydride 
— to form amide-acids and acid amides. 

(4) The behaviour of the amines towards nitrous acid is very 
characteristic. Primary amines are changed, at least in part, by this 
acid into their corresponding alcohols (p. 131) : 

CjHgNHj + NOOH = C2H6OH + Nj + HjO. 

This reaction corresponds with the decomposition of ammonium nitrite 
into water and nitrogen : 

NH, -f NO OH = H2O + N2 + H2O. 

The alkylammonium nitrites which are formed as intermediates 
are only stable at very low temperatures (J.C.S. 105 , 1270). 

In this reaction, intramolecular changes sometimes take place 


SCI 

SCI 

SC12 • 
SOC12 

so.ci*- 

NOCl . 
PCI3 . 

POCl, 

PSC13 - 
BC13 . 
SiCb - 
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leading to the formation of secondary and tertiary alcohols instead 
of the expected primary one (Ber. 24 , 3350 : 26 , 2440 : Ann. 353, 
331 : C. 1908, I. 222). 

Nitrosyl chloride and bromide react with primary amines and 
give rise to alkyl chlorides and bromides (comp. p. 194). 

Nitrous acid converts the secondary amines into nitroso-amines 
(nitrosamines) (p. 201) : 

(CH8)2NH + NO-OH = (CH8)2NN0 + H^O 

Ni tr 080-di 1 nethy lamine . 

whereas the tertiary amines remain unaltered or undergo decomposi- 
tion. Indeed, these reactions may be utilized in the separation of 
the amines, but naturally the primary amines are lost. 

(5) Another procedure, resulting in a partial separation of the 
amines, depends on their varying behaviour towards carbon disul- 
phide. The free bases (in aqueous, alcoholic, or ethereal solution) 
are digested with CSg, when the primary and secondary amines form 
salts of alkyl dithiocarbaminic acid (^.v.), whilst the tertiary amines 
remain unaffected, and may be distilled off. On boiUng the residue 
with HgClg or FeCla, a part of the primary amine is expelled from 
the compound as mustard oil (A. W. Hofmann, Ber. 8, 105, 461 : 
14 , 2754 : and 15 , 1290). 

(6) A marked characteristic of the primary amines is their ability 
to form carhylamines (q,v.), which are easily recognized by their odour, 
when heated with chloroform and alkali {A. W, Hofmann, Ber. 3 , 
767). 

(7) By the action of Cl, Br, or I alone or in the presence of alkali 
hydroxide, primary and secondary amines yield lialogenalkylamines, 
e.g, R-NHBr. 

(8) Alkyl magnesium halides (p. 220) react with primary and 
secondary amines, generating methane and forming RNHMgl and 
RjNMgl ; with tertiary amines a certain proportion of addition 

compounds is formed 

(9) Oxidation produces varying results. Alkaline permanganate 
easily attacks all the amines ; acid permanganate is less active, but 
still oxidizes with a velocity of reaction varying according to the 
structure of the amines, and produces ammonia, aldehyde, carboxylic 
acids and other bodies (Ber. 8, 1237 : Ann. 345, 251). 

In the presence of copper powder, oxygen acts on methylamine 
and ethylamine, producing formaldehyde and acetaldehyde respec- 
tively, together with ammonia (Ber. 39, 178). 

The various classes of amines can be characterized by their be- 
haviour with hydrogen peroxide and persulphuric acid (Ber. 34, 2499 : 
36, 701, 710). 

(a) Primary amines, RNHg, and persulphuric acid yield various products 
according as R is a primary, secondary or tertiary alkyl radical. The first stage, 
however, in all cases is the formation of alkylhydroxylamines RNHOH (p. 204), 
which are further oxidized to varying results. Alkylamines with priynary alkyl 
groups yield, together with other bodies, hydroxamic acids {q.v.), easily detected 
by the red colour obtained with ferric chloride ; alkylamines containing secondary 
groups give ketoximes (p. 182), and with tertiary alkyl groups yield nitroso- 
paraffins (p. 183). 
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{b) Secondaiy amines RjNH yield di-alkylhydroxylamines RjN'OH with 
hydrogen peroxide. 

(c) Tertiary amines and hydrogen peroxide produce trialkylamine oxide 
hydrates R 3 N(OH)a (p. 205). 

With hydrogen peroxide in the presence of ferrous sulphate, 
primary amines are converted under mild conditions into the corre- 
sponding aldehyde (Biochem. Z. 71, 169). 

(10) Tertiary amines form addition compounds with acid chlorides. 

Cl 

Such a compound, rta^^CAcyl very labile, from which the acyl 
group is separated in the form of condensation products (Ber. 39, 
1631), or, when in presence of alcohols or amines, as acyl esters or 
acyl amides (Ber. 39, 2135), together with the formation of tri- 
alkylamine hydrochlorides. 

Cyanogen bromide also forms labile addition compounds with the 
trialk^damines, which immediately decompose into alkyl bromides 
and dialkylcyanamides, from which secondary amines can be pro- 
duced. These reactions constitute a method of passing from the 
tertiary to the secondary amines (Ber. 38, 1438). Similarly, hypo- 
chlorous acid and trimethylamine form dimethyl chloroamine (CH 3 ) 2 X 0 ! 
(comp. Ber. 38, 2154). 

Bromine and iodine also yield addition compounds with tertiary 
amines (Ber. 38, 2715, 3904). 

(a) Amines and Ammonium Bases with Saturated Alcohol 

Radicals 

(1) Primary Amines 

Methylamine, CHg-NHg, b.p. — 6 '^, occurs in mercurialis perennis Bud annual 
in bone-oil, and in the distillate from wood. It is produced from the methyl 
ester of i^ocyanic acid, by the reduction of chloropicrin, CCl 3 (N 02 ), and hydro- 
cyanic acid, and by the decomposition of various natural alkaloids, such as 
caffeine, creatine, and morphine. The best way of preparing it is by warming 
aeetbromoamide with potassium hydroxide (p. 191), or by the action of dimethyl 
sulphate (p. 1(37) on 10 per cent, ammonia at 0 ° (C. 1906, II. 1711). Preparation 
of pure methylamine, free froin ammonia, see J.C.S. 1931 , 1477. 

Methylamine is a colourless gas, with an ammoniacal odour. Its combusti- 
bility in the air and the lack of solvent action of its aqueous solution on the 
oxides of cobalt, nickel, and cadmium distinguish it from ammonia. At 12° one 
volume of water dissolves 1150 volumes of the gas. Anhydrous lithium chloride 
absorbs considerable quantities of methylamine (C. 1898, II. 970), which also 
unites with silver chloride to form CHaNH^-AgCl (C. 1897, I. 1156). 

Methylammonium salts : chloride, m.p. 210° : picrate, m.p. 207°, dissolves 
with difficulty : nitrite, from the hydrochloride and silver nitrite, forms greenish - 
yellow, very deliquescent crystals, which decompose on warming into methyl 
alcohol, nitrogen and water (J.C.S. 99 , 1016: 101 , 612). 

Ethylamine, CgH-gNHg, m.p. —84°, b.p. 18°; Dg = 0-696, is a mobile 
liquid, which mixes with water in all proportions (Ber. 33, 638). It expels 
ammonia from ammoniacal salts, and when in excess redissolves aluminium 
hydroxide ; otherwise, it behaves in every respect like ammonia. Heated with 
potassium it becomes converted into potassium ethylamine CjHgNHK (C. 1897, 
I. 1157). 

Platinichloride, m.p. 215° (dec.). 

Propylamine, CjHtNH^, b.p. 49°. t«oPropylamlne, CaHyNHg, b.p. 32°, 
occurs in white-thom. It is prepared by reduction of acetoxime, (CH,)C : NOH 
(Ber. 20 , 505). 

BuQrlamines. — n-Butylamine, C 4 HjNH 2 ,b.p. 76°, and iaobutylamine, b.p. 68 °. 
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occur in fermentation butyl alcohol, sec.- Duty lamine, C2H5CH(CH3)NH2, b.p. 
63°, is obtained in its dextro-rotatory form [ajo + 7-44° from the oil •£ Cochlearea 
officinalis (Ber. 36, 582). tevt.-Butykiminc^ b.p. 43°. 

Amylamines. — n-Armjlamine, CH3(CH2)4NH2, b.p. 103°, isoamylaminey b.p. 
95°, is obtained by distilling leucine with alkalis. It occurs in numerous plants, 
notably among the alkaloids of ergot and tobacco (Atti. R. Accad. Lincei [5], 
20, 1, G14 : Arch. exp. Path und Pharm. 61, 113). It is soluble in water and 
burns with a luminous flame. Activ e-amylarnincy b.p. 96°, [a]D — 5-86°, is 
obtained from active amyl alcohol by way of amylphthalimide (method 6) 
(Ber. 37, 1047). y-Pentylamitu\ (C.2H5)2CH-NH2, b.p. 90°. 

Hexylamine. — y-Amhio-^p-dimethylbutaney Me3C-CH(NH2)-Me, b.p. 103°, is 
obtained from pinacolin oxirne (C. 1899, II. 474). 

Heptylamine, (C3H7)2CH NH2, b.p. 130°. 

Nonylamines. — n-Nonylayninc, b.p. 195°, is difficultly soluble in water. 
P-Ayninononancy CH3(CH2)7CH(NH2)CH3, b.p. 69°/ll mm., from methyl heptyl 
ketoxime. Diisobutylcarbinylamincy (C4H2)2CH-NH2, b.p. 166°, from the corre- 
sponding ketoxime. 

n-Undecylamine, CH3(CH2)ioNH2, m.p. 15°, b.p. 232°. p-Aminoundecane, 
b.p. 114°/26 mm., from methyl nonyl ketoxime (Ber. 36, 2554). 

n-Pentadecylamine, CH3(CH2)i4NH2, m.p. 36°, b.p. 299°, from the corre- 
sponding acid chloroamide. 


(2) Secondary Amines 

The secondary amines are also designated imine bases, 

Dimethylamine, NH (0113)2, ti.p. 7*2°, is most conveniently obtained by 
boiling nitrosodimcthylaniline or dinitrodimethylaniline with potassium hy- 
droxide (Ann. 222, 119). It is a gas that dissolves readily in water. It is 
condensed to a liquid by the application of cold. 

Diethylamine, NH(02H5)2, i).p. 56\ is a liquid, which is readily soluble 
in water ; hydrochloride y m.p. 76° ; jyicratey m.p. 155°. 

Di -n-propylamine, }).]>. 110°. Di/vopropvlamine, b.p. 84° (Ber. 22, R., 
343). 

Mixed secondary amines ar(‘ jiroduced by rnetliods 8« and 85. Methyl- 
ethylamincy b.p. 35°. Methyl-n-propylamincy b.p. 63°. Mcthyl-n-butylamine, 
b.p. 91°. Methyl -n-heptylamine, b.p. 171° (Ber. 29, 2110). 

(3) Tertiary Amines 

These were formerly called nitrile bases. 

Trimethylamine, N(CH3)3, b.p. 35°, is isomeric with methylethylamine, 
C2H5-NH'CHg, and the two propylamines, C8H7*NH2. It is present in herring- 
brine, and is produced from betaine (q.v.). It is prepared from herring-brine 
in large quantities, and also by the distillation of the “ vinasses.” It is con- 
veniently obtained by heating ammonium chloride with formaldehyde (p. 189). 
Its penetrating, fish-like smell is characteristic. Hydrochloride y m.p. 271-275° ; 
picratey m.p. 216°, is sparingly soluble (Ber. 29, R. 590). 

Triethylamine, N(C2ll5);,, b.p. 89°, is not very soluble in water. It is 
produced by heating ethyl wfocyanate with sodium ethoxide : 

CO : N CaHg + 2C2H5-ONa = N(C2H5)8 + COaNa*. 

(4) Tetraalkylammonium Bases 

Whilst neither ammonium hydroxide nor mono-, di-, or tri-alkyl- 
ammonium hydroxides have been prepared, yet, by the addition of 
the alkyl iodides to the tertiary amines, tetraalkylammonium iodides 
are produced ; these, when treated with moist silver oxide, yield the 
alkylammonium hydro.rides : 

N(C2Ha)4l + AgOH = N(C2Ha)40H + Agl. 

In the interaction of a methyl alcohol solution of tetramethyl- 
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ammonium chloride with a similar solution of potassium hydrox- 
ide, KCl is precipitated, and tetramethylammonium hydroxide, 
(CH3)4N0H, is formed. It exists as a pentahydrate, m.p. 63°, a 
trihydrate, m.p. 60°, and a monohydraie, which breaks down into tri- 
methylamine at 130-135° (C. 1905, II. 669). 

These hydroxides are perfectly analogous to those of potassium 
and sodium. They possess a strong alkaline reaction, saponify fats, 
and deliquesce in the air. They crystallize when their aqueous solu- 
tions are concentrated in vamo. With the acids they yield ammonium 
salts, which usually crystallize well. 

On exposure to strong heat they break down into tertiary amines, 
and alcohols or their decomposition products (CnH-zn and H 2 O) : 

N(C 2 H 6 ) 40 H = N(C,H,)3 + + H.O. 

This reaction is of especial importance as it is frequently used to 
open the ring of hydrogenated cyclic bases such as pyrrolidine and 
piperidine, the base being submitted to “ exhaustive methylation ” and 
the methylammonium hydroxide being then decomposed by heat. 
It is frequently used for the preparation of the more unstable un- 
saturated hydrocarbons (cf. Butadiene, p. 116). Under reduced pres- 
sure, the decomposition of the alkylammonium hydroxides takes place 
at an appreciably lower temperature. 

Tetramethylammonium iodide, N(CH3)4T, and tetraethylammonium 
iodide, N(C2H5)4l, are prepared from iodomethano and trimethylamine, and 
iodoethane and triethylamine respectively ; they consist of white prisms when 
crystallized from water or alcohol. 

Other salts of the tetreialkyl ammonium bases are only obtained with diffi- 
culty from the trialkyiamines by addition, although sometimes the reaction of 
tertiary amines with dimethyl sulphate can be used with advantage for preparing 
methyl sulphuric acid salts R3C(CH3)0S08CH8. The chlorides can be obtained 
by the action of silver chloride on the iodides. 

On heating, the tetraalkylammonium chlorides decompose into trialkyiamines 
and alkyl chlorides, tlie smaller alkyl group being split off as chloride in the 
cfiuae of mixed tetreialkyl derivatives (Ann. 382 , 2 ) : 

e,g. NMe-^EtjCl NMeEtg + MeCl. 

Iodine Addition Products. — (<J2H5)4NI l2, (C2H5)4NI-2l2, and addition prod- 
ucts containing even more iodine, are precipitated by iodine from the aqueous 
solutions of the tetraalkylammonium iodides. 

Dimethyldiethylammonium iodide, (01^3)2 (C2H5)2NI, is obtained from 
dimethylamine and ethyl iodide, and from diethylamine and methyl iodide, 
methods of formation which should give rise to two substances having as 
constitutional formulae : 

(CH,)(CH,)(C,Hj)N-C,HjI and (CsH5)(C,H,){CH,)N-CH,I. 

An identical product is obtained by these two methods (Ann. 180 , 173 ). This 
shows that the compounds are not “ molecular compounds ” but that the four 
alkyl groups are attached to the nitrogen atom directly. The iodine, however, 
is attached by an “ electro valency ” as opposed to the “ covalent ” links by which 
the alkyl groups are attached. The compounds prepared by Schlenk from 
sodium alkyls and tetramethylammonium halides, of the type R*NMe4 are 
similar, in that four alkyl groups are attached by covalencies, the fifth (and 
only a limited number of hydrocarbon residues is capable of occupying this 
position), by an ionic linking. Examples of this type of compound are triphenyl- 
rnethyltetrainethylam'moniu'm, (C3H6)3C-NMo4, red crystals, with a metallic lustre, 
hydrolysed by water into triphenylmethane and tetramethylammonium hydroxide 
(Ber. 49 , 603 ) and benzyltetramethylammonium , C4H6CH2*^M®4» powder 

(Ber. 50 , 274 ). Hydrazine derivatives of the type R2N-NMe4 have also been 
prepared (Ber. 50 , 276 ). 
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Optical resolution. — Quateraary ammonium hydroxides con- 
taining aliphatic and aromatic residues have been split* into their 
optical isomers, but so far no base containing four aliphatic groups 
has been resolved. Phenylmethylethylallylammonium hyciroxide 
(C 6 H 5 )(C 3 H 5 )NMeEtOH, for example, has been resolved (Ber. 32 , 
3508 : 45 , 2940 : see also J.C.S. 101 , 619). 

(6) Unsaturated Amines and Ammonium Bases 

Vinylamine, CH 2 = CH*NH 2 , has not yet been prepared. The previously 

CH2\ 

ascribed compound is in reality ethylene imine | ^NH. 

CH 2 / 

Vinyltrimethylammonium hydroxide or neurine, CH 2 = CH N (CH 3 ) 30 H, 
is described after glycol with choline (q.v.) to which it is intimately related. 

Allylamine, CHg — CH CHg-NHg, b.p. 68°, is best obtained from mustard 
oil (q.v.) by boiling it with 20 per cent, hydrochloric acid (Ber. 30, 1124). 

Allylamine t propenylamine^ CH 8 -CH=CHNH 2 , b.p. 67°, is produced by 
the action of potassium hydroxide on jS-bromopropylamine (Ber. 29, 2747). 

Undecenylamine, C 1 JH 21 NH 2 , b.p. 239° : higher homologues, see Ber. 33, 
3580. 

a-Dimethylamino- J*^-butene, CHg : CH CHg CHg-NMeg, b.p. 95°, is ob- 
tained by the decomposition of pyrrolidine, (I) the dimethylpyrrolidinium 
hydroxide, (II) obtained by exhaustive methylation being submitted to distil- 
lation. 

CHa— CHaX CH 2 — CHav CHa-CHg-NMe, 

I >NH ► I >NMe20H > | 

CHa— CHa/ CH=CHa 

I II ni 

a-Dimethylamino- J5-pentene, CHa : CH(CH 2)3 NMe 2 , b.p. 117°, is simi- 
larly obtained by the decomj)osition of pij^ridine. The compounds obtained 
by the addition of HCl to this, and to similarly constituted bases, on heating 
undergo isomerization with the formation of pyrrolidine derivatives (Ann. 264, 
310 : 278, 1 : Ber. 33, 365). 

CHa— CHa— NMca CH 2 — CHg— NMoa CHg CHg v 

I > I ► I >NMeaCl. 

CHa— CH=CHa CHg— CHCl— CHg CH*— CHMeX 

Propargylamine, CH srC-CHgNHa, is prepared from dibromoallylamine, 
CHaBr-CHBr CHaNHg, and potassium hydroxide. It is probably a gas in a free 
condition, but it can only be obtained in alcoholic solution or in the form of 
salts (Ber. 22, 3080). 

The following paragraphs, (c) to (ft), deal with the .N^-substituted derivatives 
of the alky famines. 


(c) N-Halogen Alkylamines 

These AT-halogen derivatives may be regarded as the amides of hypochlorous 
and hypobromous acids. Such derivatives are produced by the action of chlorine, 
bromine, or iodine, alone or in the presence of alkali hydroxides, on primary 
and secondary amines (Ber. 8, 1470 : 9, 146 : 16, 558 : 23, R. 386 : Ann. 
230, 222), as well as by the transposition of acetodibromoamide {q.v.) with amines. 
Dialkylchloroamines are also obtained from tertiary bases and sodium hypo- 
chlorite, an alkyl group being eliminated (Ber. 46, 1148). 

CH3CH2CH2NH2 ^ CHsCHjCHjNHCl > CHjCHjCHjNClj 

(CHsCH2CH2)2NH > (CH3CH2CH2)2NC1. 

When saponified they yield hypochlorous, hypobromous, and hypoiodous acids 
(Ber. 26, 986). 

The primary alkylamine monohalogen derivatives are less stable than the 
dihalogen derivatives and the secondary halogen -eunines. 
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Mcthyldicldoroamincy CHjNClj, b.p. 58-60°, is prepared from methylam- 
monium chloride and bleaching powder. It is a strongly smelling oil, exploding 
\nolently when heat-ed. It forms diazomethane with hydroxy lamine (p. 261 ; 
Ber. 28 , 1682). Methyldiiodoaminry CHgNIg, is gamet-red in colour. Dimethyl- 
iodoamincy (CHs)2NI, is sulphur -yellow in colour. Ethyldichloroamincy CaHgNClj, 
b.p. 88°, is a strongly smelling, unstable oil (Ber. 32 , 3582). Propylchloroamincy 
C3H7NHCI, volatilizes with decomposition. Propyldichloroaminey C3H7NCI2, b.p. 
117°, is a yellow oil. Dipropylchlorootniucy (C3H7)2NCl, b.p. 143°, etc. (Ber. 8, 
1470: 9,‘l46: 16 , 558: 23 , R. 386: 26 , R. 188: Ann. 230 , 222). 

Secondary chloroamines give up hydrochloric acid in the presence of alkalis 
and change to the alkylimines of the aldehydes, which take up water in acid 
solutions forming a primary amine and an aldehyde : 

(CH3)2CHCH2\ koh (CH3)20HCH^ h.o (CH3)2CHCH0 

\nc1 > 

(CH3)2CHCH2/ (CH3)2CHCH2/ (CH3)2CHCHaNH2. 

This reaction can be employed for the identification of secondary amines (C. 
1897, 1. 745). 

Nitriles result when the dibromides of the higher primary alkylamines are 
treated with alkalis. 

(d) Sulphur Derivatives of the Alkylamines 

1. Thiodialkylamines, thioU^traalkyhliamincffy result from the action of SClj 
on dialkylaminos in ligroin solution. ThwdicthyUiminey S[N(C2H6)2]2» b.p. 87°/19 
mm. (Ber. 28, 575). 

2. Dithiotetraalkylamines, resull from the action of 

SjClj on dialkylamines in ethereal solution. D ithiodimcthy lamine y S2[N(CH3)2]2» 
b.p. 82°/22 mm. Dithiodietkylaniincy b.p. 137°/22 mm. (Ber. 28, 166). 

3. Alkyl -thionylamines, alkyl imides of Kulj)hurous acid, are formed when 
thionyl chloride (1 mol.) acts on a primary amine (3 mols.) in ethereal solution 
{MichaeliSy Ann. 274 , 187) : 

3CH3NH2 d- SOCI2 = CH3N : SO + 2CH8NH2 HCI. 

The members of the series with low boiling points are liquids with penetrating 
odour, and fume in the air. Water decomposes them into SOg and the primary 
amine. Thionyl methylamincy CH3NSO, b.p. 58-59°. Thionyl ethylaminey b.p. 
70-75°. Thionylisobutylaminey (CH3)2CH*CH2*N : SO, b.p. 117°. 

4. Thionyldialkylamines, thwt»ylUd.raalkyldianiine.s, are formed when tliion^ 1 
chloride acts on the ethereal solution of the dialkylamines. Thionyldiethylamincy 
0S[N(C2H5)2]2, b.p. 118°/27mm., corresponds in its composition with tetraethyl 
urea (Ber. 28, 1016). 

5. Thionamic acids are the products resulting from the interaction of sulphur 
dioxide and pnmary aminos : cthylthionamic acidy C2H5NH-S02H, is a white 
hygroscopic powder. 

6. Alkylsulphamides and alkylsulphaminic acids. Sulpharnidesy e.g. 

S02<C"S/n?*K formed by the action of sulphuryl chloride, SO2CI2, on the 
-^(^>±13)2 

free secondary amines, whereas their chlorides, S02<C^P^ * result when the 

HCl'Salts are employed. Water converts the chlorides into sulphaminic acids. 
.--NR 

S02 <^qjj® (Ann. 222 , 1 18). SO3 reacts similarly with the primary and secondary 
amines, forming mono- and dialkylsulphaminic acids (Ber. 16 , 1265). 


(e) Phosphorus Derivatives of the Secondary Alkylamines 

(Ber. 29, 710) 

1. Dialkylaminochlorophosphines are pn^pared by the action of phos- 
phorus trichloride on the dialkylamines. They are liquids which give off fumes 
in the air, and possess an irritating odour. Diethylaminochlorophosphine, 
(CjH5)2N*PCl2, b.p. 73°/14 mm. DiiaobutylaminochlorophosphinCy m.p. 37°, 
b.p. II67I6 mm. 
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2 . Dialky laminoxychlorophosphines are obtained by the action of phos- 
phorus oxychloride on secondary amines in aqueous solution. They are stable 
bodies, possessing a camphor- or pepper -like odour. Diethylaminoxychlorophos- 
phine, (C 2 H 6 ) 2 N-POCl 2 , b.p. 100°/ 16 mm. Di-n-propylaminoxychlorophoaphine^ 
b.p. 170°/8() mm. Dimohutylaminoxychlorphosphine^ m.p. 54°. 

3. Dialkylaminosulphochlorophosphines are formed when phosphorus 
sulphochloride acts on dialkylamines. They can be distilled in steam, and smell 
like camphor. Diethylaminoaulphochlorophosphine, (C 2 H 5 ) 2 N-PSCl 2 , b.p. 100°/12 
mm. Dipropylaminoaulphochlorophoaphiney b.p. 133°/ 15 mm. DiiaobutyU 
aminoaulphochlorophoaphiney b.p. 150°/ 10 mm. 


(/), (g), (h) Arsenic, Boron, and Silicon Derivatives of the 
Secondary Amines (Ber. 29, 714) 

Dimohuiylaminochlor oar sine., (C 4 Hj,) 2 N*AsCl 2 , b.p.j^ 125°/15 mrn. 

DiethylaminocMorohorine, (C 2 Hg) 2 N*BCl 2 , b.p. 142°. Fumes strongly in air. 
Dipropylaminochlorohorine, b.p. 99°/45 mm. Diisobutylaminochloroborine^ b.p. 
93°/17 mm. 

Diethylaminochlorosilicaney (C 2 H 6 ) 2 N-SiCl 8 , b.p. 104°/80 mm. DivAobutyU 
aminochloroailicane, b.p. 122°/30 mm. 

The chloroarsines, chloroborines, and chlorosilicanes of the secondary bases are 
prepared in the same way as the chlorophosphines from the corresponding 
chlorides. 

(t) Nitroso-amines 

All basic secondary aminos (imines), like (CH 3 ) 2 NH and (C 2 H 5 ) 2 NH, can be 
converted into nitroso-amines (nitrosamines) by the replacement of the hydrogen 
of the imino group. They are obtained from the free imines by the action of 
nitrous acid on their aqueous, ethereal, or glacial acetic acid solutions, or by 
warming their salts in aqueous or acid solution with potassium nitrite (p. 195) 
(Ber. 9 , 111). They are mostly oily, yellow liquids, insoluble in water, and may 
be distilled without decomposition. Alkalis and acids are usually without effect 
upon them ; with phenol and sulphuric acid they give the nitroso -reaction 
{Liebcrmann). When reduced in alcoholic solution by means of zinc dust and 
acetic acid they become converted into hydi*azines (p. 202). Boiling hydrochloric 
acid decomposes them into nitrous acid and dialkylamines : in the presence of 
ferrous chloride, nitric oxide is quantitatively evolved according to the equation ; 

RR'N-NO + ReClg -f HCl RR'NH + FeClg -f NO. 

By measurement of the evolved nitric oxide, nitroso groups can be quantitatively 
estimated (Ber. 60 , 1910). 

DimethylnitrosaminCf (CH 3 ) 2 N*NO, b.p. 148°. 

Diethylnitroaamine, (C 2 H 5 ) 2 N-NO, b.p. 177°. 

(k) Nitramines 

These are produced by the action of concentrated nitric acid on various amide 
derivatives of the primary amines, e.y, their urethanes or oxamides, from which 
the free mono-alkyl nitramines may be obtained by means of ammonia (Ber. 18 , 
R. 146: 22 , R. 295: C. 1898, I. 373): 

CH 8 NHCO 2 CH 3 CH 3 N(N 02 )C 02 CH 3 CH 3 NH NO 2 

or CH3N : NOOH. 

One hydrogen atom in the monoalkyl nitramine molecule is replaceable by 
an alkali metal. As in the alkali salts of the nitroparaftins (p. 179) the metal 
is united to an oxygen atom forming a compound of the type RN : NOOM. By 
the reaction of the potassium alkyl nitramines with the alkyl halides, there are 
produced the corresponding dialkyl nitramines, which yield unayni.-diaXkyl- 
hydrazines by reduction with zinc dust and acetic acid. 

Methyl nitramine, CHgNHNOg, m.p. 38°. Ethylnitrarnine, m.p. 3°. Potas- 
sium ethyl nitramine and iodomethane yield A-methylethylnitramine (see below). 
Propylnitr amine, b.p. 128°/40 nun. O-Methylethylisonitramine, C 2 H 5 *N : 



202 


ORGANIC CHEMISTRY 


NOjCH,, b.p. 37°/20 mm. (C. 1898, I. 374), is prepared from silver ethyl nitra> 
mine. Butylnitramine, see Ber. 28, R. 1068. 

iV-Dialkyl nitramines : Dimethylnitraminc^ (CHg)2N*N02. m.p, 68°, b.p. 
187°, is produced, together with an isomer, b.p. 112°, by the distillation of 
monomethylnitramine (Ber. 29, R. 910), as well as upon treating dimethylamine 
and nitric acid with acetic anhydride (Ber. 28, 402), and with diazomethane 
(Ber. 30, 646). Diethylnitr amine, b.p. 206°. Dipropylnitr amine, b.p. 77°/10 
mm. 

Methylethylnitramine, b.p. 190°. Methylpropylnitramine, b.p. 116°/40 mm. 
Methylbutylnitramine, m.p. + 0*6° (Ber. 29, R. 424). Methylallylnitramine, b.p. 
96°/18 mm., is obtained, together with an isomvr, b.p. 51°/18 mm., by the 
interaction of potassium methylnitramine and allyl bromide. 


In the following sections are described the alkyl derivatives of 
hydrazine, the aliphatic diazo compounds and hydroxylamine deriva- 
tives. The corresponding aromatic compounds are much better known 
and easier to prepare, and are of greater importance in the development 
of organic chemistry. 

Some examples of analogously constituted compounds are given 
below : 


Methylhydrazine 
Potassium diazomethane 


Methyl azide 
Dmzoaminomethane 


CH3NHNH2 
CH3N : NOK 


CH3N< 


N 

11 

vN 


CjHfi NH NHg Phenylhydrazine. 
CeHgN : NOK Potassium diazoben- 
zene. 


CeH3N< 


'N 

11 

^N 


Phenyldiazoimide. 


CH 3 N : N NHCH 3 CeRfiN : N NCeHs 

Diazoaminobenzene. 


( 1 ) Alkylhydrazines * 

Just as the amines are derived from ammonia, so the hydrazines are derived 
from hydrazine or diamide, HgN NHg- 

(1) If iodomethane acts on a cold aqueous solution of hydrazine, there are 
formed monomethylhydrazine and WTi^ym.-dimethylhydrazine ; with an excess 
of iodomethane in the presence of alkalis, the final product is trimethylhydra- 
zonium iodide (Ber. 31, 66); 

CH,I CH.I CH,I 

►NHjNHCH, ►NH2N(OH3)2 >^NH,N(CHa),I. 

Monoalkylhydrazines also result by the heating of salts of alkyl sulphuric acid 
with an aqueous solution of hydrazine (Ber. 34, 3268). 

(2) Mono-alkjl and -dialkyl-ureas, acted on by nitrous acid, give rise to 
nitroso- Compounds which yield alkylsemicarbazides on reduction. These are 
decomposed by boiling with alkalis or acids into alkylamines CO 2 and monoalkyl- 
hydrazines : 

CH,NH CO HNO. CH3NH CO H CHsNH CO h.o CH3NH2 + COg 

I I ^ I 

CH3NH CH3NNO CH3NNH2 + CHgNHNHa. 

(3) BiS-Dialkylkydrazines are obtained from dialkylnitrosamines or dialkyl- 
nitramines by reduction with zinc and acetic acid (Ber. 29, R. 424). 

(CH 3 ) 2 NN 0 + 4 H = (CH8)2NNH2 + H2O. 

Monoalkylhydrazines are also obtained by reduction of the monoalkylnitra- 
mines (p. 201). 

(4) Hym. -Dialkylhydrazines are formed by the action of alkyl iodides on the 
lead or potassium salts of diformyl hydrazine, CHO*NH-NH‘CHO, and the sub- 
sequent hydrolysis of the diformyl compound (Ber. 27, 2279 : 31, 62 : 39, 3261). 

They are also formed by heating pyrazole or pyrazolone (Vol. II) with alkyl 


H. Wieland, Die Hydrazine, Stuttgart, 1913 (Enke). 
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iodides and decomposing the resulting alkylpyrazole alkyl iodide with aqueous 
potassium hydroxide (Ber. 39 , 3257, 3267) : 

/CH=N(CH3)I koh hnch, 

CH I ^ I 

\CH • NCHa HNCH, 

The mono-alkylhydrazines reduce Fehling’s solution in the cold, and the 
dialkyl hydrazines when warmed. This behaviour differentiates them from the 
amines, which they otherwise resemble closely. 

Methylhydrazine, CHa'NH-NHg, b.p. 87°, is a very mobile liquid. Its odour 
is like that of methylamine. It absorbs moisture and fumes in the air (Ber. 22 , 
R. 670. Preparation^ see Ann. 376 , 244). 

Ethylhydrazine, (CaHglHN-NHg, b.p. 100°. When ethylhydrazine is 
acted on by potassium pyrosulphate, potassium othylhydrazinesulphonate, 
CgHB'NH'NH-SOaK, is formed. Mercuric oxide changes this to potassium 
diazoethylsulphonate, CjHg-N =N*SOaK. 

sym. -Dimethythydrazine, CHaNH-NHCHj, b.p. 81°, forms salts with mono- 
and di-basic acids. Bym.- Diethylhydraziney b.p. 85°. 

unsy IQ. -Dimethylhy dr azine, (CH 3 ) 2 N*NH 2 , b.p. 62°, and xav^ym.- Diethyl- 
hydrazine, b.p. 97°, are mobile liquids, possessing an ammoniacal odour ; they are 
soluble in water, alcohol and ether. Thionyldiethylhydrazine, (C 2 Hb) 2 N‘N : SO, 
b.p. 73°/20 mm. (Ber. 26 , 310). 

Trimethylhydrazonium iodide, NH 2 ‘N(CH 3 )aI, m.p. 235°, with decomposition, 
resembles tetramethylammonium iodide. Moist silver oxide liberates the strongly 
alkaline tetramethylhydrazonium hydroxide, NH 2 N(CH 3 ) 30 H ; this consists of 
hydroscopic crystals, which are partially decomposed on distillation into unaym.- 
dimethyl hydrazine and methyl alcohol. Heating with iodomethane breaks 
down the molecule into tetramethylammonium iodide, nitrogen, and hydrogen. 
Tetraethylhydrazonium iodide is prepared from diethylhydrazine and iodoethane 
(Ann. 199 , 318: Ber. 31 , 57). 


(m) Nitrosoalkylhydrazines. RN(N0)-NH2 and RN(N0)-NHR 

as-Nitroaomethylhydrazine, colourless needles, m.p. 45°, and nitroao -Bym.^ 
dimethylhydrazine , CH8N(NO)‘NHCH8, a bright yellow oil, are obtained by the 
action of nitrous acid on methyl- and -dimethylhydrazine ; the dimethyl 
derivative can also be obtained by the methylation of the monomethyl compound 
by methyl sulphate. They give characteristic violet and blue colours with ferric 
chloride (Ann. 376, 242). 


(n) Alkyl Azo Compounds. R N : N-R 

Azomethane, CHg-N : N-CHa, is produced by the oxidation of -dimethyl- 
hydrazine by potassium dichromate. It is a colourless, explosive gas, which 
condenses to a pale yellow liquid, boiling at + 1*5°. On careful heating, it 
breaks down into ethane and nitrogen. It is readily reduced to dimethyl- 
hydrazine by sodixim amalgam, or zinc dust and caustic soda, and is split into 
formaldehyde and methylhydrazine by acids (Ber. 42 , 2575). 

(o) Alkyl Diazo Compounds 

The diazonium salts, so readily formed in the aromatic series, have no equiva- 
lents in the aliphatic series. The open-chain analogues of potassium diazobenzene 
and potassium isodiazobenzene are known. 

Potassium methyldiazotate, CHaN ; N-OK, is formed by the action of concen- 
trated potassium hydroxide solution on nitrosomethy lurethane, CH 3 N(NO)-C 02 Et. 
It is very unstable, and decomposes explosively with water with the formation 
of diazomethane (p, 251) (Ber. 35, 897). 

Sodium methyliBodiazotate, CHaN : N'ONa, forms fine, matted needles. It is 
produced, with evolution of nitrous oxide, by the action of sodium methoxide 
and ethyl nitrite on o^-nitrosomethylhydrazine. In contradistinction to potas- 
sium methyldiazotate, it is very stable in the absence of water and carbon dioxide. 
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The aqueous solution gives a violet colour with copper ewjetate. On cautious 
heating it is partly decomposed into diajsomethane. With acids it forms nitrogen 
and methyl alcohol, or the methyl ester of the acid, diazomethane being an 
intermediate product. It yields methylnitramine on oxidation with potassium 
ferricyanide, and can be obtained from the nitramine by reduction in alkaline 
solution (Ann. 376, 239). 


(^) Alkyl Diazoimides 

Methyldiazoimicle, mcthylazide, CHa-Ns, b.p. 20'’, Dfg = 0-869, is the methyl 
ester of hydrazoic acid, and is obtained from the sodium hydrazoato NaNj and 
dimethyl sulphate in alkaline solution. It explodes violently above 500° (Ber. 38, 
1573). 

Viyiyl azide^ CHg : CH-Nj, b.p. 26°, is obtained from a*azido-)3-iodoethane and 
potassium hydroxide (J.C.S. 97, 2570). 

(g) Diazoamino Paraffins 

Diazonmino-mctfiane^ dimethyltriazcnc^ CHaN : N-NHCHg, m.p. — 12°, b.p. 93°, 
is a colourless liquid, having an odour resembling alkaloids. It is poisonous, 
it dissolves in water, and explodes violently on sudden heating. Its magnesium 
salt is produced from methyl azide and methyl magnesium iodide : 

/N 

CH3N< II + CHaMgl = CHaN(MgI)N : NCH3. 

\n 

This substance is decomposed by water. 

The aUver derivative CHaNg-NAgCHa exists as colourless noodles, and the 
copper derivative CH 3 N 2 ‘NCu(CH 3 ) as yellow crystals (Ber. 39, 3905). Diazo- 
amino methane is very easily decomposed by acids, evolving nitrogen and splitting 
into methylamine and a methyl ester : 

CH3N ; NHCH3 + 2HC1 = CH3CI + NgCHsNHa-HCl. 

(r) Tetraalkyltetrazones 

WTien mercuric oxide acts on u7iAym,-diethy] hydrazine, (C 2 H 5 ) 2 N-NH 2 , 
tetraethyltetrazone, (C 2 H 6 ) 2 N*N : N-K(C 2 H 5 ) 2 , is formed. This is a strongly basic 
hquid with an alliaceous odour. 

Methylbutyltetrazone, b.p. 121°/19 mm. (Ber. 29, R. 424). 

(s) Alkylhydroxylamines 

Monoalkyl hydroxylamines occur in two isomeric forms : 

NHa-O-CHg and CHg-NH-OH. 

O- or a-Methyl-hydroxylamine. N- or /?-Methyl-hydroxylainine. 

The deriv atives of both varieties are obtained from the isomeric bonzaldoximes 
{(] V.). The /S-compounds are formed from syri .-m.-nitTohenzaldoxime by alkyla- 
tion with sodium alcoholate and an alkyl iodide, together with the subsequent 
separation of the ether by means of concentrated hydrochloric acid (Ber. 23, 
599 ; 26, 2377, 2514). a-Derivatives result from the breaking down of alkylbenz- 
hydroxamic estors. The jS-compounds are intermediate products in the reduction 
of the nitroparaffins with stannous chloride, or, better, with zinc dust and water 
(Ber. 27, 1350), and can also be prepared by electrolytic reduction (C. 1899, II. 
200). /3-Alkylhydroxylamines also occur as intermediate products during the 
oxidation of primary amines with permonosulphuric acid, HaSOg, but they are 
mainly oxidized further to aldoximes, hydroxamic acids, ketoximes, nitroso- and 
nitro- compounds (p. 183). 

Alkylation of hydroxylamine results essentially in the formation of /S-dialkyl 
hydroxylamines, which in turn form the hydriodic acid salts of the trialkylamine 
oxides (p. 205). 

/3-Dialkylhyclroxylamine8 are also formed during the oxidation of the dialkyl- 
amines (Ber. 34, 2499). They further result by treatment with water of the re- 
action products of zinc alkyls or zinc or magnesium alkyl halides on alkyl nitrites, 
nitroparekffins (J. pr. Chem. [2] 63, 94, 193 : Ber. 40, 3065) and diphenylnitro- 
satnine (Ber. 33, 1022). During the course of the last three reactions the follow- 
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ing intermediate products are probably formed, if we take as examples the 
reaction of ethyl nitrite, nitroethane and diphenylnitrosamine with zinc ethyl : 


O : NOC 2 H 5 


2Zn(C,H5), CaHjZnOv 


+ CgHfiZnOCaH^. 


HOON = CHCH: 


2Zii(CaHB), CaHgZnO' 


nu\ /CH 3 

>N— CH< + CjjH 

1H5/ \CJI5 


+ ZnO. 


O : N-N(CeH ,)2 


jS-Dialkylliydroxylamines are conveniently prepared by the action of nitrogen 
peroxide on magnesium alkyl iodides in solution in ether (Ber. 36, 2315). 

2 NO 2 + 4C2H,MgI ► 2(C2H3)3NOMgI + MgO + Mgl^. 

Reduction changes the /S-dialkylhydroxylamines into dialkylamines : when 
sulphurous acid is employed they are converted into dialkyl sulphaminic acids 
(Ber. 33, 159). See further under Trialkylamine oxides. 

a-MethylkydroxylaminCf methoxylaminey NH 2 ' 0 -CH 3 , yields a hydrochloride, 
m.p. 149^. It differs from hydroxylamine in that it does not reduce alkaline 
copper solutions. 

OL-Ethylhydroxylamine, eihoxylamine, NHg'O-CgHg, b.p. 68°. 
p-Methylhydroxytamine, CHg-NH-OH, m.p. 41°, b.p. 61°/16 mm. (Ber. 23, 
3597; 24, 3528: 25, 1716: 26, 2514). 

^•Ethylhydroxylamine, m.p. 59°. p^Diethylhydroocylamine, (C 2 H 5 ) 2 N-OH, b.p. 
76°/36 mm. p^Dipropylhydroxylamine, (C 3 H 7 ) 2 N*OH, m.p. 29°, b.p. 150°. 

Ethyl-sec. •hutylhydroxylamine, C 2 H 5 N(OH)CH*(CH 3 )*C 2 H 5 , b.p. 155°, prepared 
from nitroethane and zinc ethyl, was previously thought to be triethylamine 
oxide (C. 1901, 1. 1146: II. 185). 

ct.p-Diethylhydroxyla7ninc y C 2 H 6 NHOC 2 H 6 , b.p. 83°, and triethylhydroxylamine, 
(C2H5)2N0C2H5, b.p. 98°, are formed by the action of CgHgBr on ethoxylamine 
(Ber. 22, K. 590). 


(/) Trialkylamine Oxides. R3NO 


These compounds are obtained in the form of their hydrates, K 3 N(OH) 2 , by 
the oxidation of the tertiary amines with hydrogen peroxide. Their iodides, 
R 3 N( 0 H) 1 , are obtained by the action of hydrogen iodide on hydroxylamine 
and the jY-alkylhydroxylamines which are formed as intermediate compounds. 
The free oxides, R3NO, are obtained from the hydrates by cautious heating. 

Trimethylamine oxide-hydrate , Me 3 N(OH) 2 , m.p. 96° : the free oxide, Me 3 NO, 
sublimes at 180° and melts at 208° (Ann. 397, 286). It decomposes on heating 
into dimethylamino and formaldehyde. Tripropylamine oxide -hydrate, on the 
other hand, breaks down on heating into propylene and A^AT-dipropylhydroxyl- 
amine (Ber. 34, 2501). 

The trialkylamine oxides combine with halogen acids to form salts of the 
type R2N(0H)X*. Alkyl iodides also combine with the trialkylamine oxides, 
and Meisenheimer (Ann. 397, 273 : 399, 271) has used this reaction to support 
the view that the two valencies between the oxygen and nitrogen are dissimilar. 

The compound (I) obtained from methyl iodide and trimethylamine oxide 
is converted by alkali into the free base (II), The compound (III) formed by 
the addition of hydrogen chloride to the oxide is treated with sodium methoxide, 
yielding (IV). If the two nitrogen valencies were equivalent, these compounds 
(II) and (IV) should be identical, whereas they are totally different (Ann. 397, 
276). 








(I) 


NaOH 


> Me3N< 


OMe 

OH 


(ll) 


NaOMe 


"> MesN< 


OH 

OMe 


(III) 


(IV) 
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The trialkjiamine oxides with three different alkyl groups, such as methyl - 
ethylaniline oxide, can be split into their optically active components (Ber. 41 , 
3960: Ami. 385 , 117: 428 , 252: 449 , 188). (See also stereochemistry of 
nitrogen, p. 45). 

( w ) Nitroso-^-alkylhydroxylamines 

A member of this class of bodies was probably discovered by Frankland, and 
described under the name of dinitroethylic acid. It is prepared by the action 
of NO on zinc ethyl and the subsequent decomposition by water of the addition 
compound formed, and is designated as iiitroao-^-eihylhydroxylamine (Bor. 33 , 
1024) : 

/NO /NO 

CH 3 CH 2 N< >^CH 3 CH 2 N< 

XoZnCjHj \OH 

Similarly a salt of nitroao-p-methylhydroxylamine is prepared from NO — 
which reacts according to the constitutional formula O : N — N : O — and mag- 
nesium methyl iodide in solution in ether : 

2NO + CH,MgI = 

which gives the Liebermann nitroso-reaetion, and yields a well -crystallized copper 
salt, (CHsNjO,),Cu + iH.O. 

6. PHOSPHORUS DERIVATIVES OF THE ALCOHOL 

RADICALS 

A. PHOSPHINES AND ALKYL PHOSPHONIUM COMPOUNDS 

Hydrogen phosphide, PH 3, has slight basic properties. It unites 
with HI to form phosphonium iodide, which is resolved again by water 
into its components. The phosjphorus bases or phosphines ^ obtained 
by the replacement of the hydrogen of PH 3 by alkyls, have more of 
the basic character of ammonia and approach the amines in this 
respect. The basic character increases with the number of alkyl 
groups. 

Thhiard (1846) discovered the tertiary phosphines, and A. W. Hofmann (1871) 
first prepared the primary and secondary phosphines (Ber. 4 , 430). 

Formation. — (1) By the reaction between alkyl iodides and phosphonium 
iodide for six hours in the presence of certain metallic oxides, chiefly zinc oxide, 
at 160"^. The product, in the case of ethyl iodide, is a mixture of P(C 2 H 5 )H 2 -HI 
and P(r^Il 5 ) 2 H*HI, the first of which is decomposed by water. The Hl-salt of 
the diethylphosphine is not affected, but by boiling the latter with sodium 
hydroxide, diethylphosphine is set free (A. W. Hofmann) : 

2PHJ + 2 C 2 H,I -f ZnO = 2 [P(C 2 H 5 )H 2 HI] + Znig + H 2 O. 

PH4I + 2 C 2 H 6 I ZnO = P(C 2 H,) 2 H HI 4- Znl^ + H 2 O. 

P(C 2 H,)H 2 HI P(C 2 H 5 )H 2 -f HI. 

(2) Tertiary phosphines and quaternary phosphonium iodides are produced 
by heating phosphonium iodide with alkyl iodides (methyl iodide) to 160-180° 
without the addition of metallic oxides. They can be separated by means of 
potassium hydroxide : 

PH 4 I + SCHsI = P(CH 3)8 HI -f SHI. 

P(CH 8 )aHI + CHal - P(CH 8)4 l -f HI. 

( 3 ) Tertiary phosphines result when alkyl halides act on calcium phosphide 
{Thinard)f and (4) in the action of zinc alkyls on phosphorus chloride : 

2Pa8 -f 3Zn(CH8)2 = 2P(CH8)8 + SZnCla. 

(Ck>mpare the action of mercury alkyls on PClj, p. 208.) 
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(4) Primary phosphines are also obtained by heating monoalkyl phosphinic 
acids (p. 208). 

(5) Phosphines with different alkyl groups are formed by the Action of the 
alkylchlorophosphines (p. 208) on Grignard reagents (Ann. 449, 213). 

R Pa* + 2MgR'Br ► R PR'^ + MgEr^ + MgCl^. 

Properties and Reactions, — The phosphines are colourless, strongly refracting, 
extremely powerful-smelling, volatile liquids. They are scarcely soluble in water, 
but dissolve readily in alcohol and ether. They oxidize very readily and have 
a neutral reaction. 

(1) They are oxidized very energetically on exposure to the atmosphere, 
usually with spontaneous ignition ; hence they must be prepared in the absence 
of air. Moderate oxidation with nitric acid converts the primary phosphines 
into alkylphosphonic acids, the secondary phosphines into alkylphosphinic acids, 
whilst the tertiary phosphines, in the presence of air, pass into alkylphosphinic 
oxides : 

Ethyl phosphine : CjHsPHa — ►'C 2 H 5 PO(OH) 2 — Ethyl phosphonic acid. 

Diethyl phosphine : (CaHglaPH — >-(C 2 H 5 ) 2 pO(OH) — Diethyl phosphinic acid. 
Triethyl phosphine : (C 2 H 5 )aP — >-(C 2 H 5 )aPO — Triethyl phosphine oxide. 

(2) They combine readily with sulphur and carbon disulphide (Ber. 25, 2436) ; 
also with the halogens. 

(3) The primary phosphines are, like PHg, feeble bases. Their salts, such 
as PH 4 I, are decomposed by water. Potassium hydroxide is required for the 
decomposition of the salts of the secondary and tertiary phosphines. 

(4) The tertiary phosphines combine with the alkyl iodides to form tetra- 
alkyl phosphonium iodides. These are just as little decomposed by potassium 
hydroxide as the tetraalkyl ammonium iodides. Moist silver oxide liberates 
tetraalkyl phosphonium hydroxides from them ; these, like the tetraalkyl 
ammonium hydroxides, are stronger bases than the alkalis : 

CH,I AgOH 

P(CHa)a ^ P(CHa) 4 l ^ (PCH 3 ) 40 H. 

(1) Primary Phosphines: 

Methylphoaphiney P(CHa)H 2 , condenses at — 14“ to a mobile liquid. Ethyl- 
phoaphinet P(C 2 H 5 )H 2 , b.p. 25“. n-Fropylphoaphine, P(C 3 H 7 )H 2 , b.p. 53° (C. 1903, 
II, 987). isoPropylphoaphincy P(C 3 H 7 )H 2 , b.p. 41°. iBoButylphoaphine, P(C 4 H 7 )Hg, 
b.p. 62°. 

Fuming nitric acid oxidizes the primary phosphines to alkyl phosphonic 
acids ; their HI -salts are decomposed by water. 

(2) Secondary Phosphines : 

Dimeihylphoaphine y P(CH 3 ) 2 H, b.p. 25°. DiethylphoaphinCy P(C 2 H 5 ) 2 H, 
b.p. 85°. Dimopropylphoaphincy P(C 8 H 7 ) 2 H, b.p. 118°. Diisoamylphoaphiney 
P(C 6 Hh) 2 H, b.p. 210-215°, is not spontaneously inflammable. 

Fuming nitric acid oxidizes this class of phosphines to dialkyl phosphinic acids. 

Water does not decompose the Hl-salts of the secondary phosphines. 

(3) Tertiary Phosphines : 

Trimethylphoaphine, P(CH 8 ) 8 » b.p. 40°. Triethylphoaphine, P(C 2 H 5 ) 3 , b.p. 
127°. Both tertiary phosphines form phosphine oxides by the absorption of 
oxygen (Ber. 29, 1707). They also combine with S, CI 2 , Brg, the halogen acids, 
and the alkyl halides. Carbon disulphide also combines with triethylphosphine, 
and the product is P(C 2 H 5 ) 3 *CS 2 , b.p. 95°, crystallizing in red leaflets. It is 
insoluble in water, and sublimes without decomposition. Its production serves 
for the detection of carbon disulphide. 

Unaymmetrical tertiary phoaphines, see Ann. 449, 213. 

According to almost all of these reactions, triethylphosphine resembles a 
strongly positive bivalent metal — for example, calcium. By the addition of three 
alkyl groups, the quinquivalent, metalloidal phosphorus atom acquires the 
character of a bivalent alkali-earth metal. By the further addition of an alkyl 
group to the phosphorus in the phosphonium group, P(CHs) 4 , the former acquires 
the properties of a univalent alkali metal. Similar conditions are to be observed 
with sulphur, tellurium, arsenic, and also with almost all the less positive metals. 

(4) Phosphonium Bases. — The tetraalkylphosphonuim baaea resemble, in a 
very high degree, both in formation and properties, the tetraalkyl ammonium 
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bcises. Tetramethyl- and tetraethyl-pkosplionium hydroxide^ P(CaH5)4*OH, are 
crystalline masses which deliquesce on exposure to the air. They possess a 
strongly alkaline reaction. When they are heated they show the great affinity of 
phosphorus for oxygon, for, unlike the corresponding ammonium derivatives, they 
break down into a trialky Iphosphine oxide and a paraffin. Thus tetramethyU 
pho8pho7iium hydroxide yields trimethylphosphine oxide and methane : 

r(CH3)40H = P(CHs)30 + CH 4 . 

TetramethyU and tetraethylpho8pho7iium iodides, P(C8H6)4l, are white crystal- 
hne substances, W’hicli are decomposed by heat into trialkyl phosphines and alkyl 
iodides. Tetraethylphosphonium periodide results from the prolonged inter- 
action of iodoethane and phosphorus at 180*^. With HgS it changes into the 
normal iodide (Ber. 22 , R. 348). 

B. ALKYLPHOSPHONIC ACIDS 

These acids result, as mentioned previously, from the moderated oxidation of 
the primary phosphines with nitric acid ; and also by oxidation of mono-alkyl 
phospho-acids (see below). They are derived from imsyrnmetrical phosphorous 
acid, HP0(0H)2. ‘ 

Methylphos phonic acid, CH3pO(OH)2, m.p. 105°. PClg converts it into the 
chloride, CHjPOClg, m.p. 32°, b.p. 103°. On the formation of similar chlorides 
from alkyl-tetrachlorophosphines, see below. Ethylphos phonic acid, C2H5pO(OH)2, 
m.p. 44°. 

The dialkyl esters of alkylphosphonic acids, e,g. diethyl ester of propylphosphojiic 
acid, C3H7pO(OC2H5)2» b.p. 87°/8-5 mm., are obtained from the addition pro- 
ducts of sytn .-phosphorous acid ester (p. 170) and alkyl iodides (C. 1906, II. 1640 ; 
Ber. 31 , 1048), and from the interaction of alkyl oxychlorophosphines (see below) 
and sodium alcoholates. 


C. ALKYLPHOSPHINIC ACIDS 

These are derived from hypophosphorous acid, H2pO(OH). 

(1) Mono-alkylphosphinic acids. 

The action of mercury alkyls on PCI3 results in the formation of alky- 
dichlorophosphines ; 

{C2H3)2Hg -f rci 3 - C^H^HgCl + C2H5PCI2. 

Ethyldichlorophosphine, b.p. 114-117°, Djp = 1'295. Propyldichlorophos- 
phine, b.p. 140-143 ’, Di® = 1-177. isoATnyldichlorophosphine, b.p. 180-183°, 
D23 = 1*102. Water decomposes these chlorides into the corresponding alkyl- 
phosphinic acids, KPO2H2. They are syrupy liquids which are decomposed 
into alkylphosphines and alkylphosphonic acids when heated : 

3C3H11PO2H2 - C3II44PH2 + 2C3H11PO3H2 

Chlorine combines with the alky Idichlorophosphines forming alkyltetrachloro- 
phosphines. RPCI 4 , which resemble phosphorus pentachloride. Heat causes 
partial dissociation into PCI 3 and alkyl chloride ; SO2 produces thionyl chloride and 
alkyloxychlorophosphines, RPOCI2 ; ethyloxychlorophosphine, b.p. 7^80°/50 mm. ; 
propyloocychlorophosphine, b.p. 88-90°/50 mm. 

The alkyldichlorophosphines heated with sulphur fonn alkylsulphochloro- 
phosphines, RPSClg ; ethylsulphochlorophosphine, b.p. 81°/50 mm. (Ber. 32, 1572). 

(2) Dialkylphosphinic acids result from oxidation of secondary phosphines 
by fuming nitric 6Kjid. Dimethylphosphinic acid, (CH3)2pO(OH), m.p. 76°, forms 
a paraffin -like mass, which volatilizes un decomposed. Diethyldithiophosphinic 
acid, (C2H5)2PS-SH, see Ber. 25 , 2441. 

D. ALKYLPHOSPHINE OXIDES 

arise (1) when the tri -alkyl phosphines are oxidized in the air, together with 
alkyl esters of dialkyl phosphinic acid, R2PO2R, and alkyl phospho acids, RPO3R2 
(Ber. 31, 3055), or by mercuric oxide ; (2) in the decomposition of the tetraalkyl 
phosphonium hydroxides by heat ; (3) from POClj and magnesium alkyl haloids : 

POa, -f 3RMgX = OPR3 -f 3MgXCl. 

The trialkylphosphine oxides combine with acids similarly to the trialkylamine 
oxidee (p. 205) (C. 1906, I. 1484). Triethylphoephine oxide, P(C£H5)80, m.p. 
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53°, b.p. 243”, forms, for example, P(C2H6)3Cl2, with haloid acids, from which 
sodium regenerates triethylphosphine by the aid of heat. The corresponding 
triethylphosphinc siilphidey P(C2H5)3S, m.p. 94°, is prepared fr6m triethyl- 
phosphine and sulphur. 

Methylethylphenylphosphine oxide, CgHgMeEtPO, has been split into its optical 
components (Bor. 44 , 356). For other optically active phosphine oxides, see 

Ann. 449 , 213. 


7. ALKYL DERIVATIVES OF ARSENIC 

The alkyl compounds of arsenic form a transition from the nitrogen 
and phosphorus bases to the so-called organo- metallic derivatives — 
i.e. the compounds of the alkyls with the metals (p. 217). The simi- 
larity to the amines and phosphines is observed in the existence of 
tertiary arsines, As{CH 3 ) 3 , but these do not possess basic properties, 
nor do they unite with acids. They show in a marked degree the 
property of the tertiary phosphines, in their uniting with oxygen, sul- 
phur, and the halogens to form compounds of the type As(CH 3 ) 3 X 2 , 
and with halogen alkyls to form quaternary arsonium compounds, 
As(CH 3 ) 4 X. The mono-, di-, and tri-alkyl arsines, derived from AsHg, 
have not played nearly as important a role in the development of 
organic chemistry as have the cacodyl compounds. 

In 1760 Cadet discovered the reaction which led to the study of the organic 
compounds of arsenic. He distilled arsenious acid together with potassium 
acetate, and obtained a liquid which was subsequently named, after its discoverer, 
Cadet's fuming arsenical liquid. From 1837 to 1843 Bunsen carried out a series 
of investigations (Ann. 37 , 1 : 42 , 14 ; 46 , 1), and demonstrated that the chief 
constituent of Cadet’s liquid was “ alkarsine,” or cacodyl oxide, whose radical 
“ cacodyl ” Bunsen also succeeded in preparing. Berzelius proposed the name 
cacodyl (from KaKwS-qs, stinking) for this very poisonous body with an extremely 
repulsive odour. Bunsen showed that it. behaved like a compound radical. 
Later it was found that cacodyl was a compound of two univalent radicals — 
As(CH 3)2, combined to a saturated molecule : (CH3)2As'As(CH3)2. 

Valuable contributions have boon made to the c;homistry of the arsenic alkyls 
by Cahours and Riche (Ann. 92 , 361), by LandoU (Ann. 92 , 370), and particularly 
by Baeyer, who discovered the monomethyl arsenic derivatives, and made clear 
the connection existing between the alkyl-arsenic derivatives (Ami. 107 , 257). 

Arsenic alkyl compounds are obtained by the following reactions. 

(1) Cacodyl oxide, or alkarsinc, is produced by the distillation of 
potassium acetate and arsenious acid. This is a delicate test, both 
for arsenic and for acetic acid : 

4CH3CO2K + AS2O3 == [(CH3)2As]20 + 2K2CO3 + 2CO2. 

(2) Trialkylar sines are obtained by the action of zinc alkyls on 
arsenic trichloride : 

2 ASCI 3 -f 3Zn(CH3)2 = 2 As(CH 3)3 + 3ZnCl2. 

(3) The action of the alkyl iodides on sodium arsenide produces 
irialkylar sines together with ietraalkyldiar sines (ethyl cacodyl). 

AsNag + 3C2H5 I = As(C 2H5)3 + 3NaI. 

(4) The interaction of trisodium or tripotassium arsenite and alkyl 
iodides gives rise to the sodium salts of alkylarsonic acids (Ann. 249» 
147 : C. 1905, I. 860), which reaction is similar to that of the forma- 
tion of alkyl sulphonic acid salts from potassium sulphite and alkyl 
iodides (p. 175). 

K3ASO3 -f CHal = CH3 AsO(OK )2 + KI. 

VOL. I. P 
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The alkylation can be pushed further, with the production of di- 
and tri-alkyl compounds. 

The •AsO(OH), group can be introduced into aromatic compounds by the 
action of diazo -compounds on sodium arsenite (see Vol. II). 

Dimethylarsenious acid is obtained by the action of methyl iodide and alkali 
on the methylarsenic oxide produced by the reduction of methylarsenic aeid 
by SOa. 

Cacodyl oxide, obtained by reduction of cacodylic acid, or from arsenic direct, 
gives trimethylarsenic oxide, when treated with iodomethane and alkali (C. 1904, 

l. 80) : 

(CH,)aAsOH -f KOH + CH3I = (CHa)aA80 + KI + HaO. 

Monoalkyl-arsine Compounds 

The formation of monomethyl arsenic chloride, A8(CH3)Cl2, results from the 
property possessed by the derivatives of the type AsXg, of adding two halogen 
atoms (Clg) and passing into compounds of the form AsXg. The more chlorine 
atoms these bodies contain, the more readily do they split off methyl chloride. 
Thus A8(CHa)Cl4 breaks down, at 0°, into AsClg and CH3CI ; and As(CH3)2Cl3, 
at 50°, into As(CH3)Cla and CHaCl : 

Clf 

As(CHa)8 ^ A8(CHa)8Cla CHaCl + A8(CH8)aCl 

-f Cl, 60® 

As(CH3)aCl > As(CH3)aCl8 > CHgCl + As(CH8)Cla 

+ Cl, 0® 

As(CH8)Cla > As(CH8)Cl4 > CH3CI + AsClj. 

These reactions are the reverse of those described (method No. 4) for the 
progressive elaboration of methyl-arsenic compounds from arsenic. 

Methyldichloroaramet CHaAsClg, b.p. 133°, results from cacodyl trichloride, 
{CH8)aA8Cl3 (see above), or cacodylic acid by the action of HCl, also from methyl- 
arsenic acid (see below) and an excess of PCI3 (C. 1906, II. 101). It is a heavy, 
water-soluble liquid. It was used in gas-warfare. Large-scale preparation, see 
J. Ind. Eng. Chera. 11 , 105. MethyldiiodoarsinCf CHgAsIg, is similarly obtained 
from methylarsenic acid by reduction by SOg, followed by precipitation with 

m. The methylarsine dihalide yields methylarsenoxide, CHaAsO, m.p. 95°, by 
the action of NagCOg ; with HjS is formed methylarsine sulphide^ CHgAsS, m.p. 
110° ; and with AggO the silver salt of methylarsenic acid is obtained. 

Methylarse^iic acid, CH3A80(0H)8, m.p. 161°, and ethylarsenic acid, 
C2H5A80(0H)8, are best prepared from potassium arsenite and alkyl iodides in 
aqueous solution (see above) ; boiling magnesia mixture precipitates the mag- 
nesium salt (C. 1905, I. 800). Tlie sodium salt of methylarsenic acid is employed 
medicinally under the name of Arrhenal (comp. C. 1905, I. 1699). Reduction 
of methyl- €uid ethyl-arsenic acids with hypophosphite in a sulphuric acid solution 
leads to the formation of methyl- and ethyl-arsenic (CH3As)x and (CgHgAs)* as 
yellow, easily-pol3merizable oils (C. 1904, II. 415 ; 1906, I. 730). 

Methylarsine, CHjAsHj, b.p. -f 2°, and ethylarsine, CgHgAsHg, b.p. 36°, 
result from reduction of the alkyl arsenic acids by amalgamated zinc dust, alcohol, 
and hydrochloric acid. They are colourless liquids of a cacodyl -like odour, 
very poisonous, and form salts with acids with great difficulty or not at all. 
Methylarsine is not spontaneously inflammable. Oxidation leads first to methyl 
arsenoxide and then to methylarsenic acid ; alkyl iodides give rise to the alkyl - 
arsines, e.g. tetraalkylarsonium iodide (Ber. 34 , 3594 : C. 1905, I. 799). 

Diaikyl Arsine Derivatives 

Cacodyl oxide, alkarsine, [{CH8)2As] 20, m.p. — 25°, b.p. 120°, 
Di 5 = 1-462, is the parent substance for the preparation of the di- 
methyl arsenic compounds. Its formation from potassium acetate and 
arsenic trioxide has already been given on p. 209. The crude oxide 
ignites spontaneously in the air. This is due to the presence in it 
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of a slight amount of free cacodyl. When prepared from cacodyl 
chloride by potassium hydroxide it does not inflame spontaneously, 
and consists of a liquid with a stupefying odour. It is insoluble in 
water, but readily soluble in alcohol and in ether. 

Dimethylarsine, caco(fyZ%dnVfe, (CH3)2AsH,b.p.36°,D29 = 1*213, 
is produced when zinc and hydrochloric acid act on cacodyl 
chloride in alcoholic solution. It is a colourless, mobile liquid, with 
the characteristic cacodyl odour, and inflames spontaneously in the 
air. It combines with acids to form very easily dissociated salts ; 
the halogen acid salts decompose into hydrogen and cacodyl chloride, 
bromide or iodide. With alkyl iodides it forms tetraalkylarsonium 
iodides. It unites with sulphur, producing cacodyl disulphide, 
[(CH 3 ) 2 As] 2 S 2 , m.p. 50°, and cacodyl sulphide, [(CH 3 ) 2 A 8 ] 2 S, b.p. 211°. 
Oxidation produces cacodyl, cacodyl oxide, cacodylic acid. As 203 , 00 2 , 
etc., according to the degree of action (Ber. 27, 1378 : C. 1906, 1. 738). 


Cacodyl chloride, As (C 113)201, b.p. 100°, is forinful by heating trimethyl- 
arsine dichloride, As(CH3)3Cl2 (p. 210), and by acting on cacodyl oxide with 
hydrochloric acid, as well as from CI2 and cacodyl. It is more readily obtained 
by heating the mercuric chloride compound of the oxide with hydrochloric acid. 
It unites with chlorine to form the trichloride, As(CH 3)3013, the decomposition 
of which renders possible the transition from the dimethyl compounds to the 
monomethyl derivatives. 

Cacodyl cyanide, A8(CH3)2*CN, m.p. 3(1 \ b.p. 140°, is formed by heating 
cacodyl chloride with mercuric cyanide. 

Cacodylic acid, dimethyl araenioua acid, (CH8)2AsO*OH, m.p. 200° (decomp.), 
corresponds in its composition to dimethylphosphinic acid (see p. 208). Cacodyl 
oxide, by slow oxidation, passes into cacodyl cacodylate, which breaks down, 
when distilled with water, into cacodylic oxide and cacodylic acid : 


As(CH 8 ) 2 \ r) I ^3(0113)2'-. /A 

A8(CH8)2-^^^ “ OAs((’H3)2-^^- 

20A8(CHail>® + = LA8(CH3)a],0 + 20As(CH3)a-0H. 


It is also obtained by the action of mercuric oxide on cacodyUc oxide. On 
the formation of cacodylic acid from methyl arsonoxide, KOH, and iodomethane, 
see method of fonnation 4, p. 209. 

It is easily soluble in water and is colourless. Like arrhenal (p. 210) it is 
employed pharmaceutically, but is more poisonous. Cacodylic acid forms salts 
with bases KdOaM and with acids KdOX — it is an amphoteric electrolyte (Ber. 
37, 2705, 3025, 4140). With HgS it forms cacodyl sulphide, with HI cacodyl 
iodide, (CH3)2AsI. PCls changes it to dimethylarsine triclUoride, (CH3)2AsCls, from 
which water regenerates cacodylic acid. 

Cacodyl, dimethyl arsenic, (CB 3)2As-As(CH3)2, m.p. — O', b.j). 170°. is 
formed by heating the chloride with zinc filings in an atmosphere of caibon 
dioxide : 

^^A8(CH3)3 2HC1 ChA8(CH3)2 Zu ^ As(CH3)2. 

'^■^As(CH 8 )sj ^ C1-As(CH3), ^ A 8(CH3 )j. 

It is a colourless liquid, insoluble in water. Its odour is powerful, and may 
induce vomiting. Cacodyl takes fire very readily in the air and burns to AsjOs, 
carbon dioxide and water. It yields cacodyl chloride with chlorine, and the 
sulphide with sulphur. Nitric acid converts it into a nitrate, As(CH 3)20*N02. 

Diethylarsenlc, ethyl cacodyl, (C2H5)2A8 -As(C 2H5)2. b.}). 185-190°. is formed 
together with triethylarsine on heating sodium arsenide with ethyl iodide. It 
takes fire in the air, and is converted by oxidation into diethylarsenic acid, 
(CjH5)2A800H. 

Dii^oamylarsine chloride, (C5Hn)2AsCl, is produced from isoamyl chloride, 
arsenic trichloride, and sodium in ether. With HjS it changes to diiaoamyh 
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arsine sulphide^ m.p. 30° ; with bromine water it forms duQoamylarsinic acid^ 
(C*5 Hh) 3A800H, m.p. 154° (C. 1906, I. 741). Dimoamylarsinc, (CjHjijgAsH, 
b.p. 150°/90 mrn., results from the reduction of ditsoamylarsinic acid ; it is not 
spontaneously inflammable (C. 1906, I. 74). 

Tertiary Arsines 

The tertiary arsines are formed by the action of the zinc alkyls on arsenic 
trichloride, and by heating the alkyl iodides with sodium arsenide. Cacodyl, 
formed simultaneously, is separated by fractional distillation. 

Trimethylarsinc (CHg^As, b.p. 51° {Prep. C. 1920, Til. 538) and triethylarsine, 
5)3^8* ®re liquids with a very disagreeable odour. With oxygen they yield 
trirnethylarsenoxide {Q^^)^Ae,O,eLndtriethylar8e7wxidey{0^^)^A^O. These bodies 
correspond to triethylamine oxide (p. 205) and triethylphosphine oxide (p. 208) ; 
with sulphur they yield trimethyl- and triethylarsine sulphide, As(C2H5)3S ; and 
with Br^ and 1 2 they form trimethylarsine bromide, As(CH3)3Br2, and triethylarsme 
iodide, As(C 2H 3)310. 

Quaternary Alkyl Arsonium Compounds 

Totraalkylarsonium iodide is obtained (1) from mono-, di-, or tri-alkyl 
arsine by means of alkyl iodides ; (2) from sodium arsenide, mercury arsenide, or 
powdered arsenic and alkyl iodides by the aid of heat (Ann. 341, 182 : C. 1907, 
I, 152). Tetrmnethylarsoniurn iodide, A8(CH3)4l, and tetraethylarsoniu^n iodide, 
A8(C2H6)4l, m.p. of both indefinite, are stable, and are of good crystalline form. 
They correspond with the tetraalkyl ammonium and phosphonium iodides 
(pp. 197, 207). Like them they are changed by moist silver oxide into the 
hydrated oxides ; tetramethylarsoniurn hydroxide, A8(CH3)40H, and tetraethyl- 
arsoiiium hydroxide, As(C2H5)40H, are crystalline deliquescent bodies, possessing 
a strongly alkaline reaction. 

8. ALKYL DERIVATIVES OF ANTIMONY 

The derivativ’es of antimony and the alkyls are perfectly analogous to those 
of arsenic, but those containing one and two alkyl groups do not exist. We are 
indebted to Lowig and to Landolt for our knowledge of them. 

Tertiary stibines are jiroduced like the tertiary arsines : 

(1) by the action of alkyl iodides on potassium or sodium antimonides ; 

(2) by the interaction of zinc alkyls and antimony trichloride. 

Trimethylstibine, Sb(CH3)3, b.p. 81°, = 1-523, and triethylstibine, Sb(C2H3)3, 

b.p. 159°, are hquids which take fire in the air, and are insoluble in water. In 
all their reactions they exhibit the character of a bivalent rnetal, such as calcium 
or zinc. With oxygen, sulphur, and the halogens, they combine energetically, 
and even decompose concentrated hydrochloric acid : 

Sb(C2H3)3 -f 2HC1 = Sb(C2H3)3Cl2 + H2. 

Ti lethylstibine oxide, Sb(C2H5)30, is soluble in water, which is also true of 
Triethylstibine sulphide, Sb{C2H5)3S, which consists of shining crystals. Its 
solution behaves somewhat like a calcium sulphide solution. It precipitates 
sulphides from solutions of the heavy metals with the formation of salts of triethyl 
stibine. Triethylstibine chloride is also prepared from antimony pentachlorido 
and CgHgMgl. The iodide, m.p. 70° (Ber. 37, 320). 

Quaternary stibonium compounds, prepared from tertiary stibines by the 
addition of alkyl iodides, are changed by moist silver oxide into tetraalkyl- 
stibonium hydroxides. Tetramethyl- and tetraethyl -stibonium iodide, Sb(C2H5)4l, 
as well as tetramethyl- and teVraethyl -stibonium hydroxide, (C2H5)4SbOH, greatly 
resemble the corresponding arsenic derivatives in their properties. For mercury 
double salts with tetraalkyl stibonium halides, see C. 1900, I. 1091. 

9. ALKYL COMPOUNDS OF BISMUTH 

These are closely comparable with those derived from antimony and arsenic ; 
but in accordance with the more metallic nature of bismuth, no compounds 
analogous to the stibonium or arsonium derivatives are formed. 

Further, in trialkyl derivatives the alkyl groups are less intimately united 
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with the bismuth than they are with arsenic and antimony in their corresponding 
derivatives. 

Tertiary bismuthines result from (1) the action of alkyl iodides on potas- 
sium bismuthide ; (2) the interaction of zinc alkyls and bismuth tribromide. 

Trimeihyl hismuthy Bi(CH3)a, and triethyl hismuthy Bi{C2H5)„ are liquids 
which can be distilled without decomposition under reduced pressure. They 
explode when heated at the ordinary pressure (Ber. 20 , 1516 : 21 , 2035 ). Bis- 
muth trimethide is changed by hydrochloric acid to BiCIg and methane. The 
tri-ethide is spontaneously inflammable. It reacts with iodine to diethyl bismuth 
iodide, Bi(C2H5)2T ; and reacts with mercuric chloride to form ethyl bismuth 
dichloride, Bi(C2H5)Cl2 : 

Bi(C2H3)3 + 2HgCl2 - Bi(C2H3)Cl2 + 2Hg(C2H3)Cl. 

From the alcoholic solution of the iodide the alkalis precipitate ethyl bismuth 
oxidcy Bi(C2H5)0, an amorphous, yellow powder, which takes fire readily in the 
air. The nitraiCy C2H5Bi(N03)2, is produced by adding silver nitrate to the 
iodide. 


ORGANIC DERIVATIVES OF ELEMENTS OF 

GROUP IV 


10. ALKYL DERIVATIVES OF SILICON 


Silicon is the nearest analogue of carbon, to which its similarity 
is specially close in its derivatives with the alcohol radicals, which in 
many respects resemble the corresponding paraffins (Friedel, Crafts, 
Ladenburg, Ann. 203, 241). As early as 1863 Wohler directed atten- 
tion to the analogy existing between the carbon and silicon compounds, 
e.g. tetramethylsilicane, Si(CH 3 ) 4 , corresponds with tetramethylmethane, 
C(CH3)4. 

The alkylsilicanes are produced, like the alkylborines, when zinc 
alkyls act on (1) silicon halogen compounds ; (2) esters of silicic acid. 

(3) Silicon tetrachloride and ethyl magnesium iodide or bromide 
in ether give rise to a number of bodies according to the quantity 
of the second reacting substance employed : 

C2H3SiCl3 (C2H6)2SiCl2 (C2H3)3SiCl (C2H3)4Si. 

If ethyl silicon trichloride is acted on by other organo-mag- 
nesium halides, mixed alkyl silicon compounds can be obtained, e.g. 
ClSi(C2H5)(CoH5)(C3H,) (C. 1904, I. 636 : 1907, I. 1192). 

(4) Silicon tetrachloride or silicon chloroform, alkyl chlorides, and 
sodium in ether react to form alkyl silicon compounds : 

SiCb + 4CIC2H6 -f 8 Na = Si(C2H5)4 + SNaCl. 

HSiCIa + SClCfiHii + 6Na = + 6NaCl. 

Tetramethylsilicane, silicon tetramethyl , 81(0113)4, b.p. 30 °, Dq — 0 - 028 , a 
liquid insoluble in water, is prepared from SiCl4 and zinc methyl or magnesium 
methyl bromide. 

Tetraethylsilicane, silicon tetraethyl, sUicoytonnuc, Si (02115)4, b.p. 153 °, 
Do = 0 - 834 , formed from SiC^ and Zn(C2H5)a, or C2H5CI and sodium, is a liquid 
insoluble in water. By the action of chlorine, it forms silicononyl chloride, a 
substitution product. Potassium acetate changes this to the acetic ester of 
silicononyl alcohol, which alkalis decompose into acetic acid and silicononyl 
alcohol : 


C2H 
C2H 

Sili cononane, 
b.p. 163®. 




5 - 

5 


Silicononyl chloride, 
b.p. 85®. 


Silicononyl alcohol, 
b.p. 190®. 


C2H4OH 
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Numerous tetraalkylsilicanes have been prepared by method 3 (Ber. 44 , 2640 : 
45 , 707). 

TetramoamyUUicanej b.p. 275°. TrimoamyUilicaney Si(C5Hii)8H, b.p. 245°, 
with bromine, passes into triisoamylbromosUicanet Si(C5Hii)8Br, b.p. 279°, a 
hea\^ liquid, fuming in the air, which with ammonia gives TrimoamyUilicol, 
Si(C5Hii)80H, b.p. 270° (Ber. 38, 1665). 

Derivatives containing two atoms of silicon in the molecule, derived from 
“ di^ilanCf'^ SiHs-SiHg, are obtained by the action of magnesium alkyl halides 
on disUicon hexachloridey SiaCl®, m.p. — 3°, b.p. 144°, which is obtained from 
50% ferrosilicon and chlorine at 180°. TrisUicon octachloridej SigClg, b.p. 210° 
(J.C.S. 105 , 2836). 

Hcxamethyldisilayic , McgSi SiMca, m.p. circa 12°, b.p. 113°, and hcxaethyl- 
disUanc^ EtgSi'SiEta, b.p. 250°, are obtained from Si^Cle, and the appropriate 
magnesium alkyl halide. They are very stable compounds, unaltered in the 
cold by strong acids or alkalis (Ber. 45 , 709 : 46 , 3289). 

The similarity in constitution between the silicon and carbon compounds 
extends also to those containing oxygen, as the following compounds show. 

TriethyUilicon ethoxide, (CgHslgSiOCjHg, b.p. 153°. Diethylsilicon diethoxidc. 
(€2115)281(002115)2, b.p. 155-8°. EthyUilicon tricthoxidcy (C2H5)Si(0-C2H5)3, b.p. 
1 59°, is a liquid with a camphor-like odour. These three compounds are produced 
when zinc ethyl acts on ethyl silicate, Si(OC2H6)4 (p. 170). 

Acetic anhydride converts triethylsilicon ethoxide into an acetic ester. When 
this is hydrolysed by potassium hydroxide, it yields tricthylsilicol, (€2115)381011, 
corresponding in constitution with triethylcarbinol. 

Acetyl chloride changes diethyl silicon diethoxide into diethyls ilicx)n chloride ^ 
(€2H5)2Si€l2, b.p. 148°. Water converts this into diethylsilicon oxide^ (€2X15)2810, 
corresponding wdth diethyl ketone in composition. 

With acetyl chloride, ethylsilicon triethoxide forms cthylsilicon trichloride^ 
(€2H6)SiCls, b.p. about 100°. This liquid fumes strongly in the air, and w^hen 
treated w'ith W’ater passes into ethylsilicic acid^ (€2H6)SiO-OH (silico -propionic 
acid), which is analogous to propionic acid, OgHg-CO-OH, in constitution. It is 
a white, amorphous powder, which becomes incandescent when heated in the 
air. It only resembles the corresponding propionic acid by being acidic in 
character. 

By the action of ethyl alcohol and water on 8i2€le the compounds hexacihoxy- 
disilatiCy (EtO)3Si-Si(XhO)3, and sUico-oxalic acid, HOSiO-SiOOH, respectively 
are produced. The Si -Si link is destroyed in both compounds by the action of 
KOH, the silico-ether linkage, Si-O-Si being substituted (J.€.S. 105 , 2860). 

11 . ALKYL DERIVATIVES OF GERMANIUM 

Germanium ethyl, €e(€2H5)4, b.p 160 , is formed when zinc ethyl acts on 
germanium chloride. It is a liquid wdth a leek-like odour. {Cl. Winkler^ J. 
pr. €hem. [2] 36, 204.) 

12. ALKYL DERIVATIVES OF TIN 

The best-known tin-organic derivatives are those containing four 
alkyl groups, of the general formula SnR 4 . In addition to these, 
further compounds are known, referable to the types SnRj and 
RaSn-SnRj. 

The alkyl-tin derivatives have been studied by Lowig, CahourSy 
Ladenburg and others. A general account of the organic tin com- 
pounds is given in Z. anorg. Chem. 68, 102, and Ber. 50, 1803. 

The methods used for the preparation of the tin compounds are 
of the same general type as those used for arsenic, antimony and 
other elements. 

(1) Action of zinc alkyls or magnesium alkyl halides on Sn€l2 and Sn€l4 : 
the compounds SnMe4, SnEt4 and SnEt, have been prepared by this method 
(Ber. 37, 320: C. 1904, I. 353). 

(2) Action of alkyl iodides on tin-sodium alloys (containing tin alone or 
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tin + zinc). If the alloy contains little sodium, the chief product is SnR,Ia ; 
if the sodium content is high, the product is SnR,I. 

Diethyl tin, Sn(C2H5)2, is a thick oil, which decomposes on heating into 
Sn(C 2 ^ 6 )i whifh readily combines with oxygen, halogens or alkyl 

iodides. It is formed from tin diethyl chloride by reduction with sodium amalgam 
in ethereal solution, or by the action of magnesium ethyl bromide on SnCL 
(Ber. 44, 1269). Diethyl tin chloride^ SnEtgClg, m.p. 85°, b.p. 220° : diethyl 
tin iodidcy SnEt2l2, m.p. 44-5°, b.p. 245°. Diethyl tin oxide, SnEtgO, forms 
a white insoluble powder, which is precipitated from the halogen derivatives 
by ammonia or other alkalis, and which dissolves in excess of alkali and forms 
salts, such as SnEt 2(0X02)2 with acids. 

Tetramethyl tin, Sn(CH3)4, b.p. 78°, and tetraethyl tin, 80(0211^)4, b.p. 
181°, D23 = 1187 ; both are colourless, ethereal -smelling liquids, insoluble in 
water. By the action of the halogens the alkyls are successively eliminated ; 
hydrochloric acid acts similarly : 


Sn(C2HB)4 + L = Sn(C2H5)3l + etc. 

Sn(C2H5)4 -f HCl = Sn(C2H6)3Cl -f 2C2H3, etc. 

(For tin tetraalkyls with different alkyl groups see C. 1904, I. 353.) 

The alkyl groups are not so firmly united in the tin alkyls as they are in the 
alkyls of silicon. 

Trir.thyl tin chloride, vSn(C2H5)8Cl, b.p. 208-210°, D = 1*428 : triethyl tin 
iodide, 811(02115)31, b.p. 231°, D22 — 1*833. Alcohol and ether are solvents for 
both. When either is acted on by silver oxide or potassium hydroxide, there 
is produced triethyl tin hydroxide, Sn(02H6)3*OH, m.p. 66°, b.p. 272°, sparingly 
soluble in water, but readily soluble in alcohol and ether. It reacts strongly 
alkaline, and yields crystalline salts with the acids, e.g. Sn(02H5)3*0*N02. When 
the hydroxide is heated for some time to almost boiling temperature, it breaks 

down into water and triethyl tin oxide, an oily liquid, which in 

the presence of water at once regenerates the hydroxide. 

By the action of sodium on the trialkyl tin halides, the hexaalkyldistannanes 
HgSn-SnRa, are produced (Ber. 59, 1808). 

Hexaethyldistannane, (C2H5)3Sn*Rn(C2H6)3, is a heat-stable liquid, b.p. 
161°/23 mrn. The distannane derivatives are decomposed by atmospheric 
oxygen to trialkyl tin oxides, and by halogens into trialkyl tin halides. 

Methylstannonic acid, CHgSnOOH, is formed at ordinary temperatures from 
iodomethane and an alcoholic solution of an alkaline stannous solution similarly 
to the preparation of methylsulphonic acid and methylarsenic acid (pp. 175, 
210) from iodoethane and an alkaline solution of sulphurous and arsenious acids : 

ICH3 -f HSnOgK -f KOH = CH3Sn02K 4- KI + HjO. 


Methyl stannonic acid is a white amorphous powder, soluble in potassium 
hydroxide solution, from which it is precipitated by CO2. Warming with alkalis 
produces stannatos and dirncthylstannic oxide, which by distillation with alkalis 
decomposes into stannates and trimethylstannic hydroxide : 

2CH3Sn02K > SnO^K^ + (CH8)2SnO. 

2KOH 

3 (CH 3 ) 2 SnO 2(CH3)3SnOH + K2SO3. 

Methyl stannonic acid is transformed by the halogen acids into Methyl tin 
triiodide, CHgSnlg, m.p. 86°, methyl tin tribromide, CHsSnBrg, m.p. 53°, and 
jnethyl tin trichloride, CHgSnCla, m.p. 43°, which fume in the air like tin tetra- 
chloride. Thus, methyl stannonic acid behaves like cacodylic acid, as an 
amphoteric electrolyte. 

Methyl stannic triiodide can also be obtained from stannous iodide and iodo- 
methane at 160° ; from stannic iodide and magnesium methyl-iodide together 
with trimethyl tin iodide, (CHglgSnl, b.p. 170° (Ber. 36, 3027 : 37, 4618) ; and 
by heating together tin tetramethyl and stannic iodide (C. 1903, II. 106). 


13. ALKYL DERIVATIVES OF LEAD 

The lead alkyl compounds resemble the tin derivatives closely, 
and among the aliphatic series, the tetravalent compounds PbR4 are 
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far the best known. In the aromatic series, compounds PbArg and 
PbArs (where Ar = an aromatic radical) are better known (c/. Vol. II 
and Ber. 54, 2060 : 55, 888). 

The compounds are formed (1) by the action of zinc ethyl or 
magnesium ethyl iodide on lead chloride (PbClj) whereby the tetra- 
alkyl derivative PbEt 4 is produced. 

(2) By the action of alkyl iodides on lead-sodium alloy, yielding 
the compound PbgEte. 

Tetramethyl lead, b.p. 110°, and tetraethyl lead, b.p. 91°/19 
mm., are oily liquids which cannot be distilled undecomposed. The 
tetraethyl derivative has been much used recently as an “ anti-knock ” 
substance in motor-fuels. 

Triethyl lead chloride, Pb(C 2 H 5 ) 3 Cl, and triethyl lead iodide, Pb(C 2 H 6 ) 3 l, aro 
fonned from tetraethyl lead and triethyl lead by hydrochloric acid or iodine 
respectively. The iodide is transformed by moist silver oxide into a thick, strongly 
alkaline liquid, dissolving with difficulty in water and forming salts with acids. 
Triethyl lead sulphate, {Pb(C 2 H 5 ) 3 ] 2 S 04 , is slightly soluble in water. 

The triethyl halides form the starting substance for the preparation of mixed 
tetraalkyl derivatives, PbR/gH. (Her. 50 , 202). 

By the action of halogens on the tetraalkyl derivatives at — 20’, two alkyl 
groups are split off with the formation of compounds PbR 2 X 2 , which react with 
the Grignard compounds to give anot her series of mixed lead tetraalkyls of the 
tjqDe PbR'gRa (Ber. 49, 1540). 

The compound Pb 2 Etg has also been prepared by the electrolysis of PbEtgOH 
in ethyl alcohol. It is a heavy yellow oil, unstable in air (J.A.C.S. 45, 1821). 


ORGANIC DERIVATIVES OF THE ELEMENTS 
OF GROUP III 

14. ALKYL DERIVATIVES OF BORON 

'J'hese are formed by the action of zinc alkyls on (1) boron trichloride, (2) 
ethyl borate (p. 169) {Frankland, Ann. 124, 129) : 

2B(0C2H,)3 + 3Zn(C2H5)2 = 2n{C,ll,):, + 3(C2H3-0)2Zn. 

Trimethylbnriue is a gas. Triethylboriue, B(C 2 H 6 ) 8 , b.p. 95°. Both ignite in 
contact with the air and possess an extremely penetrating odour. When heated 
together with hydrochloric acid, triethylborino decomposes into diethylborine 
chloride and ethane : 

B(C2H,)3 + HCl - B(C2H,)2C1 + C2He. 

Slowly oxidized in the air, triothylborine passes into the ester, B(C2H5)(0-C2H5)2, 
b.p. 125°, which w'ater decomposes into ethylboric acid, C 2 H 5 -B(OH) 2 . For other 
alkylboric acids, see Ber. 42, 3095. 

15. ALKYL DERIVATIVES OF ALUMINIUM 

The aluminium alkyl ilerivatives resemble those of boron. They are obtained 
by the action of mercury alkyls on aluminium or by adding anhydrous aluminium 
chloride to an ethereal solution of a Grignard reagent (Ber. 56 , 466). Aluminium 
alkyl derivatives are also obtained by the direct action of alkyl bromides on clean 
turnings of a magnesium -aluminium alloy (Electrometal) (Bor. 56 , 466). 

Trimethyl aluminium, Al(CHa) 5 , b.p. 130°. Triethyl aluminium, A1(C2H5)8, 
b.p. 194°. Both are colourless liquids and are spontaneously inflammable. 
Water decomposes them with great violence, forming methane (or ethane) and 
aluminium hydroxide. Their vapour densities indicate a mono- rather than a 
di- molecular constitution (see Ber. 22, 551 ; Z. physik. Chem. 3, 164). 
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16. ALKYL DERIVATIVES OF THALLIUM 

Thallium dialkyl halides of the type TlRgX are prepared by the interaction 
of thallium chloride, TICI 3 , and magnesium alkyl halides in ether solution (p. 219). 
They are crystalline bodies, dissolving in water with great difficulty, and decom- 
posing on being heated. They can bo recrystallized from an alkaline aqueous 
solution without decomposition ; moist silver oxide produces strongly alkaline, 
easily soluble hydroxides, e.g. diethyl thallimn hydroxide, T 1 (C 2 H 5 ) 20 H, which 
absorb COg from the atmosphere and precipitate hydroxides from solutions of 
the metals, thus resembling thallous hydroxide TlOH (Ber. 37, 2051). 

Triethyl thallium, TlEtg, from TlEtgCl and LiEt, b.p. 54*6''/l -5 mm. ( J. A.C.S. 
52 , 2999). 

ORGANIC DERIVATIVES OF THE ELEMENTS 
OF GROUP II 

ORGANOMETALLIC COMPOUNDS 

Although some of the compounds which have already been dis- 
cussed really belong to the class of “ organormtallic ccrtn 'pounds,'' it 
is to the compounds formed by the elements of Groups 1 and II of 
the periodic table that this description is most usually applied. 

The metallo-organic compounds are those resulting from the union 
of metals with univalent alkyls ; those with the bivalent alkylenes, 
C^Hgn, have not yet been prepared. Inasmuch as we have no marked 
line of difference between metals and non-metals, the metallo-organic 
derivatives are connected, in the one direction, through the derivatives 
of antimony and arsenic, with phosphorus and nitrogen bases ; and in 
the other, through the selenium and tellurium compounds, with the 
alkyl sulphides and ethers ; whereas the lead derivatives approach 
those of tin, and the latter the silicon alkyls and the hydrocarbons. 

Within recent years, in addition to the derivatives of zinc, cad- 
mium, mercury and magnesium, which have been known the longest, 
derivatives of practically every metal, including even the alkali metals, 
have been prepared. 

Those compounds in which the metals present their maximum 
valence, e.g. : 

II III IV IV 

Hg(CH3)2 Al(cn3)3 SnlCHa)^ Vh{CH^), 

are volatile liquids, usually distilling without decomposition in vapour 
form ; therefore, the determination of their vapour density is an 
accurate means of establishing their molecular weight, and the valence 
of the metals. 

The behaviour of the metallo-organic radicals, derived from the 
molecules by the loss of single alkyl groups, is especially noteworthy. 
The univalent radicals, e.g. : 

II III IV IV V 

— Hg(CH 3 ) — T1(CH3)2 — Sii(CH 3)3 — Pb(CH3)3 — Sb(CH 3 ) 4 , 

show great resemblance to the alkali metals in all their derivatives. 
Like other univalent radicals, they cannot be isolated. They yield 
hydroxides, e.g. : 

Hg(C3H3)OH 


TI(CH3),0H 


Sn(CH,) 30 H, 
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which are comparable to KOH and NaOH. Some of the univalent 
radicals, when set free from their compounds, become doubled : 

As(CH3)a Si(CH3)3 SnCCHa), Pb(CHs)8 

I I I I 

A8{CH3)3 Si(CH3)3 Sn{CH3)8 Pb(CH3)3. 

By the loss of two alkyls from the saturated compounds, the 
divalent radicals result : 

III IV IV V 

=^Bi(CH3) ^Te(CH3)3 ==Sb(CH3)3. 

In their compounds (oxides and salts) these resemble the divalent 
alkali earth metals, or the metals of the zinc group. A few of them 
can be obtained in the free condition. As unsaturated molecules, 
however, they show strong inclination to saturate two single affin- 
ities directly. Antimony triethyl, Sb(C2H6)3 (see p. 212), has the 
power of reacting with acids to form salts, liberating hydrogen at 
the same time. 

Finally, the trivalent radicals, like “As(CH3)2, can also figure as 
univalent, as in the case of vinyl, C2H3. These may be compared 
to aluminium ; and cacodylic acid, As(CH3)20-0H (p. 211), to 
aluminium metahydroxide, AlO-OH. 

We conclude, therefore, that the electro-negative metals, by the 
successive union of alcohol radicals, always acquire a more strongly 
basic, alkaline character. This also finds expression with the non- 
metals (sulphur, phosphorus, arsenic, etc.). (Comp. pp. 173, 208, 212.) 

The first metallo- organic derivatives were prepared by Frankland, 
The ziiic alkyls are particularly important as alkylating bodies, but 
are being replaced by magnesium alkyl halides, which are much more 
convenient to work with. 

Methods of Fonnation : 

(1) Action of metals (Mg, Zn, Hg) on alkyl iodides. 

(2) Action of alloys (Pb, Na) on alkyl iodides (see Bi-, Sb-, Sn- 
compounds). 

(3) Action of metals (K, Na, Be, Al) on metallo -organic bodies 
(zine alkyls, mercury alkyls). 

(4) Action of metallic chlorides (PbClg) on metallo -organic deriva- 
tives (zinc alkyls or magnesium alkyl halides ; comp. BCI3, SiCl4, 
SnCl4, GeCl4 on zinc alkyls or magnesium alkyl halides). 

(5) By the action of aluminium carbide on the hydrochloric acid 
solutions of metallic salts (Ber. 46, 3738). 

17. ALKYL DERIVATIVES OF BERYLLIUM 

Diethyl beryllium, Be(C 2 H 5 ) 2 , b.p. 185-188°, is prepared from the metal and 
zinc ethyl. It is spontaneously inflammable. Dipropyl beryllium, Be(C 3 H 7 ) 2 , 
b.p. 245° (see also Ber. 66 , 467 : J.A.C.S. 45 , 2693). 

18. ALKYL DERIVATIVES OF MAGNESIUM 

The most important organic derivatives of magnesium are the 
rnagriesiurri alkyl halides, usually referred to as the Orignard 
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Reagents ” after the investigator who first studied their preparation 
and properties.* These compounds are much easier to prepare and 
to manipulate than the magnesium dialkyl compounds. 

Magnesium dialkyls. Dimethyl magnesium, and the corresponding 

ethyl compound MgEtg are white solids spontaneously inflammable even in a 
CO 2 atmosphere. They decompose on heating with the formation of hydro- 
carbons, and with water react similarly to the zinc alkyls. They are prepared 
by the action of magnesium on the corresponding mercury derivative (Ann. 
276, 129). 

Magnesium alkyl halides. Grignard Reagents. 

In 1899 Barbier (Compt. rend. 128 , 110) discovered that when the 
I)roduct of reaction between methylheptenone, CeHipCO-CHg, and 
methyl iodide in the presence of magnesium and ether was treated 
with an acid, the compound dimethylheptenol, C 6 Hii'C(OH)(CH 3 ) 2 , 
could be isolated. As zinc methyl reacts with ketones to form similar 
products, it was thought that the action of the magnesium might be 
to form CHgMgl as an intermediate product, and Grignard who sub- 
sequently investigated the reaction was able to show that the reaction 
was a general one and that compounds of the type MgRX were pro- 
duced from alkyl halides and magnesium in the presence of ether. 
This reaction is now of the greatest importance in the synthesis of 
very many organic compounds. 

The reaction proceeds most readily with the iodides and bromides : 
the chlorides frequently require the addition of a little iodide (c/. 
Ber. 38 , 2759), mercuric chloride (Am. Chim. Phys. [ 8 ] 9 , 533), or 
previously prepared Grignard solution (Ber. 39 , 1746 : BuU, Soc. 
Chim. [3] 35 , 1079) to start the reaction. When secondary and 
tertiary alkyl halides are used, the reaction sometimes takes place 
in a different manner, halogen hydride being spht off : at low 
temperatures the reaction may proceed normally. The reaction 
takes place readily with the aromatic halogen derivatives such as 
iodobenzene. 

The solvent, usually ether, takes a very important part in cata- 
lysing the reaction. When excess of solvent is distilled off, the mag- 
nesium alkyl halides remain behind usually as crystalline “ etherates,” 
MgRI,Et 26 , MgRI, 2 Et 20 . Other compounds such as tertiary amines 
can take the place of the ether in the reaction, compounds of the 
type MgRIjNRg being produced (Ber. 37 , 3088 : Oddo, Atti. R. 
Accad. Lincei. [5] 13 , II. 100). The addition of a few drops of di- 
methylaniline to a benzene solution of iodoethane, for example, causes 
the production of pure magnesium ethyl iodide in the form of a 
white powder by the action of magnesium. This reacts analogously 
to the “ etherates ” and dissolves in ether, with an evolution of 
heat, to form these bodies (Ber. 38 , 4534 : 39 , 1674). The latter 
compounds are not so important as those formed in the presence 
of ether. 

The constitution of the Grignard reagent has been much studied, 

* “Sur les oombinaisons organomagn^siennes mixtes et leur applications k 
des syntheses.** Bull. soc. chim. [4], 13, 1: c/. also Schmidt, Bber die organ- 

ischen Magnesuimverbindungen und ihre Anwendung zu Synthesen, Teil I und 
II, Stuttgart, 1905 and 1908. 
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and can best be represented by the formula of Meisenheimer (1) (Ber. 
54 , 1655). The modern electronic representation of this is (II) ; 


(C,H.),0-.. /R 

:'Mg< 

(C.H,)/). \l 

(1) 


(C,H.),Os^ /R 

(CjH.j.o/ \l 
(Ii) 


The Grignard reagents in ethereal solution are very reactive and 
behave similarly to the zinc alkyls. The reactions, however, usually 
take place more smoothly. 

Reacliom. — ( 1 ) The compounds are decomposed energetically by 
water, alcohols, ammonia, and primary and secondary amines with 
the formation of hydrocarbons. 

H'Mgl -f ROH > H'H -f HOMgl 

K'Mgl + RNHa y K'H + RHN Mgl 

Acetylene, hydrocyanic acid, indene (Vol. II : Compt. rend. 152 , 
272) and fluorene (Vol. II : Compt. rend. 152 , 1493) behave similarly. 
See also pyrrole and indole (Vol. III). 

This reaction is the basis of the method for the estimation of 
“ active ” hydrogen atoms (Zerewitinoff, Ber. 45 , 2384 : Z. anal. 
Chem. 52 , 729 ; Ber. 47 , 1659, 2417 : micromethod, sec Flaschen- 
trager, Z. physiol. Chem. 146 , 219). 

The compound MgNH.^! obtained by the action of dry ammonia 
on the ethereal solution of a Grignard reagent is very reactive and 
is sometimes useful for the preparation of amides from acid chlorides 
and esters. It reacts readily with acetonylacetone to yield 2 ; 5- 
dimethylpyrrole (Gazzetta, 53 , i, 64). 

(2) Oxygen and sulphur are absorbed, and alcoholates and mcr- 
captides result : 

RMgX I O ^ ROMgX RMgX -f S > RSMgX. 

(3) CO 2 , COS, C 82 , SO 2 , are taken up, forming salts of carboxylic 
acids, thiocarbonic acids, carbithionic acids, sulphinic acids, e.g. : 

CaHfiMgl -h COo - C^H^COOMgl. 

(4) NO 2 forms salts of the / 9 -dialkyl hydroxylamines (p. 205) and 
NO those of the /9-nitroso-alkyl hydroxylamines (p. 206). 

From alkylazoimides, diazoamino compounds (p. 204) are formed. 

From ahphatic diazo-compounds, hydrazones are produced 
(Monatsh. 34, 1609). 

(5) From aldehydes and ketones, carboxylic esters, acid anhydrides, 
chlorides and salts, primary, secondary and tertiary alcohols are 
formed (see p. 133). 

Many of these tertiary alcohols give up water, yielding olefines, 
especially in presence of an excess of RMgX ; see e.g. diolefines 
(p. 115), etc. 

Ethylene oxide and its homologues unite with the magnesium 
alkyl halides to form alcohols (p. 134). 

Formic acid derivatives, such as esters, orthoesters, imido ethers, 
dialky lamides, i^onitriles, under suitable conditions, yield aldehydes. 

Carboxylic acid amides and nitriles frequently give rise to ketones. 

The magnesium alkyl halides are added on to many a/9-olefine 
ketones, carboxylic acid esters, and nitriles at the double bond, form- 
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ing the corresponding /3-alkyl paraffin compounds (C. 1907, I. 559, 
etc.). 

With Schiff’s bases, RCH : NR', they form secondary amines, 
RR"CH*NHR'. Often these bodies, ketones, and other substances 
are only reduced by the organo-magnesium halides (Ber. 38, 2716 : 
C. 1906, II. 312). 

(6) Iodine changes the magnesium alkyl chlorides and bromides 
to alkyl iodides. 

(7) Halogen or sulphuric acid compounds of many radicals have 
the haloid or sulphuric acid residues replaced by alkyl, e.g. : 

CgHiiMgBr + BrCH^OCHa ^ C5H11CH2OCH3. 

CfiHiiMgBr + SO^CCHa)^ ^ C3H11CH3. 

By similar reactions for the preparation of i^oamyl and i^ohexyl 
magnesium bromides, diisoamyl and diisohexyl are formed as by- 
products (Ber. 36, 3084). 

(8) The chlorides of many metals and non-metals react with the 
Grignard reagents to form alkyl derivatives of these elements (see 
under alkyl derivatives of P, As, Sb, Si, etc.). 

(9) Good yields of the simpler alcohols are obtained from the 
Grignard reagents by the action of hydrogen peroxide (Gazzetta, 51 , 
ii, 343) : 

MgRX + H2O2 R OH + MgX OH. 

19. ALKYL DERIVATIVES OF ZINC 

Zinc methyl and zinc ethyl were discovered in 1849 by Frankland 
(Ann. 71, 213 : 85, 329 : 99, 342). The zinc alkyls are exceedingly 
reactive, and are, on this account, a very important class of the 
metallic alkyls. 

Methods of Formation. — (1) When zinc filings act on iodides of 
the alcohol radicals in sunlight, iodides are formed, which are de- 
composed by heat into zinc alkyls and zinc iodide : 

C2H,I + Zn ^ IZnC2H3. 

2Zii(C 2H3)I --- Zn(C2H3)2 + Znl2. 

The action may be accelerated if the zinc turnings have been previously 
corroded, or by the application of zinc-sodium or zinc-copper. In preparing 
zinc ethyl, ethyl iodide is poured over zinc cuttings and a little pure zinc ethyl 
is then added. The formation of IZn-CaHs is then completed at the ordinary 
temperature, and this body separates in large, transparent crystals. When it 
is heated in a current of CO2, it yields zinc ethyl (Ann. 152 , 220 : Ber. 26 , R. 88 : 
C. 1900, II. 400). It is also formed by the solution of zinc in a boiling ether 
solution of iodoethane (C. 1901, II. 24). 

(2) The mercury alkyls are converted by zinc into zinc alkyls, 
with the separation of mercury : 

Hg(C2H,)2 4- Zn = Zn(C2H5)2 + Hg. 

Properties. — The zinc alkyls are colourless, disagreeable-smelling 
liquids, fuming strongly in the air and igniting readily ; therefore, 
they can only be handled in an atmosphere of carbon dioxide. They 
inflict painful wounds when brought into contact with the skin. 

Reactions. — The zinc alkyls are exceedingly reactive. 
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(1) Water decomposes them very energetically, forming hydro- 
carbons and zinc hydroxide (see Methane, Ethane, pp. 92, 93). 

(2) Oxygen is taken up by slow oxidation in the air, and com- 
pounds, e.g. (CH 3 ) 2 Zn 02 , analogous to peroxides, are produced ; they 
explode readily and liberate iodine from potassium iodide (Ber. 23, 
394). 

(3) The alcohols convert the zinc alkyls into zinc alcoholates and 
hydrocarbons ; according to relative quantities of the reacting bodies, 
ethyl zinc ethoxide or zinc alcoholate is formed, together with 
ethane (C. 1901, II. 1200). 

Zn(C.H,), ^ ^ 

(4) The free halogens decompose both the zinc alkyls and those 
of other metals very energetically : 

Zn(C2H6)2 + 2Br2 = 2C2H5Br + ZnBr2. 

(5) They react with chlorides of the heavy metals and the non- 
metals, whereby alkyl derivatives of the latter are produced (p. 218). 

(6) The zinc alkyls absorb sulphur dioxide and are converted into 
the zinc salts of the sulphinic acids (p. 177). 

(7) Nitric oxide and zinc diethyl produce the zinc salt of the so- 
called dinitroethylic acid, CiHg-NaOgH (p. 206). 

The application of the zinc alkyls is particularly important in 
nucleus -synthetic reactions : 

(8) Hydrocarbons are formed when the zinc alkyls are heated with 
alkyl iodides (see p. 96). 

(9) When zinc alkyls (zinc and alkyl iodides) act on aldehydes, 
acid chlorides, acid anhydrides (C. 1901, II. 188), ketones, formic 
esters, acetic esters, lactones, and chlorinated ethers, derivatives of 
secondary, tertiary, and primary alcohols, as well as of ketones, are 
produced. The alcohols (p. 132) and ketones (p. 257) can easily 
be obtained from them. 

The alkyl oxides and the alkylene oxides are, however, not affected 
by the zinc alkyls (Ber. 17, 1068 : C. 1901, II. 188), but, on the other 
hand, the heating together of ethylene oxide and magnesium alkyl 
halides is a method of synthesis of the })rimary aktohols (p. 134). 

Ziiic methyl^ Zn(CH 3 ) 2 , b.p. 40 ; Djq ^ and 

Zinc ethyly Zn{C^r^).^y b.p. 118 ; Djg -- 1-182, both Holidify when cooknl 
(Ann. 261, 59). 

Zinc propyly Zn(CH 2 CH 2 CH 3 ) 2 , b.p. 140°. 

Zinc isopropyl, Zn(C 3 H 7 ) 2 , b.p. 130° (Ber. 26, R. 380). 

Zinc isobutyl, b.p. 106° (Ann. 223, 108). 

Zinc isoamyl, Zn(C 6 Hn) 2 » b.p. 210° (Ann. 130, 122). 

20. ALKYL DERIVATIVES OF CADMIUM 

Cadmium methyl, CdMog, b.p. 104°, which closely roBembles zinc methyl is 
most readily obtained by the action of magnesium methyl bromide on anhydrous 
cadmium bromide (Ber. 50, 1817). 

21. ALKYL DERIVATIVES OF MERCURY 

Mercury resembles magnesium in forming two types of alkyl 
derivatives, the dialkyl compounds HgRj and the alkyl halogen 
compounds HgRl. 
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Dialkyl Derivatives. — HgRa- These are best obtained by the 
action of magnesium alkyl bromides or chlorides, less satisfactorily 
iodides, on mercuric bromide or chloride (Preparation, J.A.C.S. 44, 
153). The compounds HgRX are produced as intermediates. The 
other methods of formation, from sodium amalgam and alkyl iodides, 
or mercuric chloride and zinc alkyls are of less practical importance. 

Properties, — These compounds are colourless, heavy liquids, pos- 
sessing a faint, peculiar odour. Their vapours are extremely poisonous. 
Water and air occasion no change in them, but when heated they ignite 
easily. 

Mercury methyl, Hg(CH 3 ) 2 , b.p. 95°, D = 3*069. Mercury ethyl, Hg(C 2 H 5 ) 2 , 
b.p. 159°, D = 2*44, and at 200° breaks down into Hg and butane, C 2 H 5 *C 2 H 5 . It 
yields ethane (p. 93) when treated with concentrated sulphuric acid. 

Mercury sec. -butyl, Hg[CH(CH 3 )(C 2 H 5 )] 2 , b.p. 9i-93°/l5 mm., is prepared by 
electrolytic reduction of methyl ethyl ketone in sulphuric acid solution at 50° 
with a mercury cathode (Ber. 39 , 3626). 

2 C 4 H 3 O 4 - Hg + 6 H =: -f 2 H 2 O. 

The mercury alkyl halides are formed (1) by the action of mer- 
cury on alkyl iodides in sunlight, (2) from the dialkyl mercury deriva- 
tives — (a) by the action of halogens ; (b) by the action of the halogen 
acids ; (c) by the action of mercuric chloride. 

Mercury methyl iodide, CHgHgl, m.p. 143°, forms shining needles, and is 
insoluble in water. Silver nitrate changes it to methyl mercury nitrate, CHg- 
Hg'ONOg. Mercury ethyl iodide, CgH^Hgl, is decomposed, by sunlight, into 
mercuric iodide and C 4 Hio* Mercury allyl iodide, CaHgHgl, m.p. 135°, is con- 
verted by HI into propylene and mercuric iodide, Hgig. 

Moist silver oxide changes the haloid derivatives to hydroxyl compounds ; 

C. 2 H 5 HgCl -f AgOH -- CgH^-Hg OH + AgCl. 

Ethyl mercuric hydroxide, CgHsHgOH, is a thick liquid, soluble in water and 
in alcohol. It reacts strongly alkaline, and forms salts with acids. 

Mercury compounds, derivable from glycol, result from the action of ethylene 
on mercuric salts (Ber. 34 , 2910). 

22. ALKYL DERIVATIVES OF CALCIUM 

Calciuin ethyl iodide is prepared similarly to the magnesium compound from 
calcium and iodoethano in ether solution. It forms an “ ethorate,” C. 2 H 5 CaI - 
0 (C 2 H 5 ) 2 , whicli is a white amorphous powder, soluble with difficulty in ether. 
It generates ethane when act-ed on by water (Ber. 38, 905). 


ORGANIC DERIVATIVES OF ELEMENTS OF 

GROUP I 

The alkyl compounds of the alkali metals cannot be obtained pure from 
zinc alkyls and sodium ; for their preparation the reaction between an alkali 
metal and a mercury alkyl in the absence of air, CO 2 and moisture is used 
(Apparatus, see Ber. 46 , 2845). 

HgRj -f 2Na > 2NaR + Hg. 

They are usually amorphous powders, insoluble in indifferent solvents, and 
spontaneously inflammable in air (Schlenk, Ber. 50, 262). 

Lithium methyl, LiMe, colourless, microcrystalline powder. Sodium methyl 
and sodium ethyl, white powders. Homologues, see Ber. 50, 262 : Sodium benzyl, 
Na-GHjC^Hj, red, ether-soluble crystals. 

The sodium alkyls have been regarded as intermediate compounds in tlie 
Wurtz reaction (p. 96). 



2 AND 3. ALDEHYDES AND KETONES 


The close relationship which exists, on the one hand, between 
primary alcohols, aldehydes and the carboxyhc acids, and on the 
other hand, between the secondary alcohols and the ketones has been 
already pointed out. 

Aldehydes and ketones resemble each other in containing the 
carboind group -CO*, but in the former this is combined with one 
alk^d group and a hydrogen atom, in the latter it is combined with 
two alkyl groups 

RCOH KCOR'. 

Aldehyde. Ketone. 

Aldehydes and ketones can be regarded as the anhydrides of 
dihydroxy compounds in which both hydroxyl groups are attached 
to the same carbon atom. When the formation of a compound con- 
taining the group C(OH )2 would be expected in a reaction, with cer- 
tain exceptions where this compound is stable, the corresponding 
compound containing the CO group is formed by loss of water. In 
aqueous solution there is an equilibrium between the two forms, 
C(0H)2 ^ ^ CO + H/). 

The ethers of the two hydrated forms R*CH(OR ')2 and R*C(OR') 2 *R" 
are capable of existence. 

The following important methods of preparation are common to 
aldehydes and ketones : 

(1) Oxidation of the alcohol whereby aldehydes are formed from 
the primary, and ketones from the secondaiy alcohols. 

R CH^OH -f- O > R CHO 4 H/) 

iTiniary Aldehyde, 

ulcuhol. 

K CH{OH) K' + O >■ ROOK' + H^O. 

Secondary alcohol. Ketone, 

The above equations represent the end-result, but Wieland has 
attempted to explain the mechanism of the reaction as follows. He 
regards the reaction as taking place through the activation of two 
hydrogen atoms in the alcohol, leading to an equilibrium 
R CH^OH ^ — > R CHO + 

If a “ hydrogen acceptor,'' which is capable of uniting with the hydrogen, 
is present, the equilibrium is shifted from the left to the right of the 
above equation, and the aldehyde or ketone is formed. 

According to Wieland, the oxygen takes a passive part in the 
reaction, and indeed the reaction can take place in complete absence 
of free oxygen in the presence of other hydrogen acceptors such as 

224 
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quinone or methylene blue. He was able to convert ethyl alcohol 
and lactic acid into their oxidation or dehydrogenation products by 
shaking them in absence of air with finely- divided palladium as a 
hydrogen activator, and quinone as a hydrogen acceptor (Ber. 45, 
488 : 46, 3327). Biological oxidations apparently follow a similar 
mechanism (Ber. 47, 2806 : for a critical exposition of the Wieland 
theory, see Z. angew. Chem. 40, 1130). 

By further oxidation the aldehydes become changed into carboxyhc acids 
whilst the ketones are decomposed. 

Conversely, aldehydes and ketones are reconverted into primary and secondary 
alcohols by an addition of hydrogen : 

CH3CHO + H2 = CH3CH2OH. 

Aldehyde. Ethyl alcohol. 

gg»>CO + H, = CHs^cHOH. 

Acetone. i#oPropyl alcohol. 

(2) The dry distillation of a mixture of the calcium, or better, 
barium salts of two monobasic fatty acids produces aldehydes or 
ketones according as one of the acids be formic acid or not. 


H , CHa-COO^.. __ CH 3 COH: , 

H COO^*^®' + CH. COO^^®’ “ CH. COH + 20aC03 


Calcium formate. 


Calcium acetate. 


Acetaldehyde. 


In all other instances ketones result, and they are either simple, 
with two similar alkyl groups, or mixed, with two dissimilar alkyl 
groups : 


CHs-COO^ 

CHa-COO-^ 


Cu - ^h’>CO + CaCO,. 
Acetone. 


CH,COO. „ CJI^COO^ _ 
CHs-COO-^^"' + - 

Calcium propionate. 


2*"^^ ^>00 + 2CaC03. 

Ethyl methyl ketone. 


On extending this reaction to the calcium salts of adipic, pimelic and suberic 
acids, c2/c/oparaffin ketones are produced. 


(3) Aldehydes and ketones are obtained by direct addition of 
water to acetylenic hydrocarbons, by the use of suitably diluted sul- 
phuric acid in the presence of mercury salts (see Acetylene, p. 112). 

(4) Alkyl hypochlorites, which can be obtained nearly quantita- 
tively from the alcohol, sodium hydroxide and chlorine, decompose 
under suitable conditions of light and temperature to yield aldehydes 
and ketones and HCl. The hypochlorites of tertiary alcohols yield 
ketones and alkyl chlorides {GhatUiway and Backeberg, J.C.S. 123, 
2999). 

R CH2OCI R CHO + HCl 

RgCHOCl ^ R CO R 4- HCl 

R3C OCI > R CO R + RCl 


2A. SATURATED ALDEHYDES. C„H2n+rCHO 

The aldehydes exhibit in their properties a gradation in behaviour 
similar to that of the alcohols. The lower members are volatile 
liquids, soluble in water, and have a peculiar odour, but the higher 
are solids, insoluble in water, and cannot be distilled without decom- 
VOL. I. Q 
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position. In general they are more volatile and dissolve with more 
difficulty in water than the alcohols. Chemically the aldehydes are 
neutral substances (Ber. 39, 344). 

The reactivity of the aldehydes places them amongst the most 
important substances for purposes of synthesis, and it is for this reason 
that the large number of methods for their preparation is being con- 
siderably increased, especially during the latter years (Bull. Soc. Chim. 

[3] 31, 1306). 


Formation and Preparation 

(1) By the oxidation of primary alcohols^ whereby the — CHj-OH 
group becomes changed to — CHO (p. 128). 

The above oxidation may be effected by atmospheric oxygen in presence of 
spongy platinum, and by the action of potassium dichromate or MnOg and dilute 
sulphuric acid (Ber. 5, 699). Chlorine acts similarly in that it first oxidizes the 
primary alcohols, but then substitutes the alkyl groups of the aldehydes which 
have been formed (p. 232). 

Oxidation of alcohol leads to a good yield of aldehyde with the lower mem- 
bers of the series only, where the product is sufficiently volatile to escape quickly 
from the region of reaction ; otherwise the aldehyde is further oxidized to a 
carboxylic acid, which in turn unites with some of the imchanged alcohol to 
form an ester. Even in the case of acetaldehyde, the yield is practically doubled 
if the reacting mixture is stirred rapidly to disengage the aldehyde as quickly 
as it is formed. 

(2) A direct decomposition of a primary alcohol into and an 
aldehyde is brought about by passing alcohol vapours through a red- 
hot tube, or, better, over finely-divided copper at 200-350° (Ber. 36 , 
1990 : C. 1905, I. 1002). 

The following methods of preparation depend on the reduction 
of carboxylic acids : 

( 3 ) By heating the calcium salts of fatty acids with calcium formate. 
This operation, when working with aldehydes which volatilize with 
difficulty, should be carried out under diminished pressure (Ber. 13 , 
1413). 

(4) By the reduction of arid chlorides and anhydrides by nascent 
hydrogen, best from sodium in moist ether (Ber. 29 , R. 662), or cata- 
lyticaily in the presence of nickel or palladium (Ber. 51 , 585 : 54 , 
2888 : ' 55 , 609). 

CHj'COCl + 2H = CHa-CHO + HCl. 

Acetyl chloride. Acetaldehyde. 

(CHs-COjaO 4- 4H = 2CH3 CHO + HjO. 

Acetic anhydride. Acetaldehyde. 

Hydrazones of the aldehydes are obtained by reduction of imido -ethers of 
carboxylic acids by sodium amalgam in €U3id solution in the presence of hydra- 
zines (Ber. 38, 1362) : for formation of aldehydes from anhydrides by means 
of the diphenylamidines, see Ber. 41 , 2064. 

In accordance with methods (3) and (4) the aldehydes may be viewed as 
hydrides of the acid radicals. 

(5) From the nitriles of the fatty acids, by way of their imino- 
chlorides. The nitrile is added to an ethereal solution of stannous 
chloride saturated with HCl. After a few minutes the crystalline 
stannichloride of the aldimine separates, and can be hydrolysed by 
water and the aldehyde extracted with a solvent or distilled off in 
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steam. With some of the higher nitriles, the yield is practically 
quantitative (Stephen, J.C.S. 127, 1874). 

R CN + HCl > R CCl : NH 

(Iminochlorlde.) 

R CCl : NH + SnCljs + 2 HC 1 ^ R CH : NH HCl + SnCl^ 

(Aldiraine hydrochloride.) 

R CH : NH + H^O ^ R CHO + NHg 

(6) The preparation of aldehydes by hydrolysis of some of their 
derivatives is of great practical importance. 

(а) from aldehyde-ammonia and aldehyde-bisulphite compounds 
(see below) ; from oximes and hydrazones (pp. 250, 252) ; 

(б) from aldehyde chlorides (p. 243) by heating them with water 
and lead oxide : 

CHgCHCl^ > CH 8 CH( 0 H )2 ► CHgCHO ; 

(c) from ethers and esters of aldehyde hydrates, the acetals and 
alky lid ene diacetates, by means of dilute alkahs or acids : 

/OR /OH 

CH3CH< CHaCW CHgCHO. 

\OR \OH 

In the course of these reactions aa-glycols, dihydroxyl compounds, 
should be formed ; if they are, they instantly give up water and pass 
into aldehydes (p. 46). 

(7) From oL^-glycols or their ethers, containing at least one primary 
alcohol group, by loss of water or alcohol, or from the corresponding 
ethylene oxide, by intramolecular isomeric change. 

(а) Ethylene glycol yields acetaldehyde when heated with dilute 
sulphuric acid or other dehydiuting agents. 

(б) Primary-secondary glycols yield under the same conditions a 
mixture of aldehyde and ketone : 

^ RCH2CHO 

R-CHOH-CHaOH<; 

^ R CO CH3 

(c) Primary-tertiary ethylene glycols yield aldehydes when heated 
with anhydrous formic and oxalic acid ; the ethers, R2C(0H)*CH20R, 
react particularly easily (Her. 39, 2288 : Ann. Chim. Phys. [8] 9, 484) : 

RgClOHl-CHgOCaHg = R2CHCHO + C2H5OH. 

(d) Ethylene oxide and its homologues, especially the primary- 
tertiary compounds, undergo internal rearrangement when heated with 
zinc cMoride, or alone (Her. 36, 2016), or by passing their vapour 
over heated AI2O3 (Her. 56, 2178) : 

CH2\ CH3 CH3(C2H3)Cv (CH3)(C2H3)CH 

1 >0 . \ ^ 

CHa/ CHO HjCy' HCO. 

(8) The sodium salts of the primary nitroparaffins yield aldehydes 
and N2O when treated with acids. Nitro-olefines of the formula 
RCH=CHN02 on reduction yield oximes of the aldehydes (C. 1903, 
II. 553) : 

(CH,),C : CHNO, — ^ (CH,),CH CH : NOH ► (CH,),CH CHO. 
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({)) Aldehydes are obtained by the action of alkalis on the dialkyl - 
chloroamines, R gNCl (see p. 200), andnitramines, RoN-NOa (see p. 201). 

(10) Aldehydes and their derivatives are obtained by means of a 
Grignard synthesis y by the action of magnesium alkyl halides contain- 
ing one carbon atom less than the required aldehyde on excess of 
various formic acid derivatives (Ann. 347, 348 : Ber. 37, 186, 875 : 
C. 1904, I. 1077 : 1905, I. 219) : 

R MgX + H-COOEt R CHO + X MgOEi 

Kster. Aldehyde. 

R MgX + H CO NR'j R CHO + X MgNR'a 

Dialkylamide. Aldehyde. 

R MgX -f H C(OEt)3 > R CH(OEt)2 + X MgOEt 

Orthoformic eater. Acetal. 

R MgX + CeHgN : CHOEt ^ R CH : NCeH^ -f X MgOEt. 

Imidoether, Aldlniiuc. 


The salts of formic acid also yield some aldehyde when treated 
with magnesium alkyl halides (C. 1901, II. 765). 

(11) oLp-olejine aldehydes y or better their acetals, yield paraffin alde- 
hydes on reduction (Ber. 31, 1900). Since the olefine aldehydes result 
from condensation of the lower paraffin aldehydes (p. 253) this also 
constitutes a method of passing synthetically up the aldehyde series. 

Conversely, the following degradation reactions may be employed 
in the production of aldehydes. 

(12) cf.- Hydroxy carboxylic acidsy RCH(OH)COOH, which are easily 
obtained from the fatty acids, yield aldehydes and formic acid (or 
CO + HgO) by treatment with sulphuric acid. A better method is 
to heat the hydroxy -acids, converting them by loss of water into 
lactides, and to distil these, so that they lose CO and pass into alde- 
hydes (C. 1904, I. 1065) : 

CH 3 CH( 0 H)C 00 H = CH 3 CHO + HCOOH. 

Lactic acid. Acetaldehyde Formic acid. 

2C4H,CH(0H)C00H — > C 4 H,CH<Q:f^Q>CHC 4 H, — 2C4H,CHO + 2CO. 
a-Hydroxycaproic acid. Vaieraldehyde. 

Connected with this reaction is the formation of aldehydes by 
heating ethylene oxide carboxylic acids, or glycidic acids, whereby 
ethylene oxides are formed which become rearranged (Method of 
formation. Id, p. 227) into aldehydes (C. 1906, II. 1297). 


(CH3)3C. 

l>o 

HOCOCH 


(CH3)2CH 

> I -f C02. 

CHO 


Similarly, a-ketonic acids when heated with dilute sulphuric acid 
yield aldehyde + CO 2 . 

CH,COCOOH > CH3CHO 4- CO2. 

(13) y,- Amino acids give A-chloro acids when treated with sodium 
hypochlorite, the alkali salts of which break down with formation of 
an aldehyde when heated in aqueous solution (Ber. 42, 2360) : 

R CH(NH2)C00H ► R CH(NHCl)COONa ► R CHO 
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(14) Olefines absorb ozone to form ozonides (p. 106), which may 
be decomposed by water, as follows (Ann. 343, 311) : ’ 

CHa[CH2],CH : CH[CHJ,COOH ► CHa[CHj],CHO + OCH[CHj],COOH. 

Oleic acid. Nonyl aldehyde. Azelaic aldehydic acid. 

This reaction is particularly important for the determination of 
constitution and for the preparation of dialdehydes and ketone - 
aldehydes. 

Aldehydes occur frequently among the decomposition products of 
complex carbon compounds, such as proteins, as the result of their 
oxidation with manganese dioxide or dichromate and dilute sulphuric 
acid. 

Nomenclature and Isomerism. — Empirically, the aldehydes are dis- 
tinguished from the alcohols by possessing two atoms less of hydrogen 
— hence their name, suggested by Liebig (from Alcohol dehydrogenatus). 

In the “ Geneva nomenclature ” the names of the aldehydes are formed from 
the corresponding saturated hydrocarbons by the addition of the suffix al ; thus 
acetaldehyde would bo termed ethminl. 

As there is an aldehyde corresponding with every primary alcohol, 
the number of isomeric aldehydes of definite carbon content equals 
the number of possible primary alcohols having the same carbon 
content (p. 128). The aldehydes are isomeric with the ketones, the 
unsaturated olefine alcohols, and the anhydrides of the ethylene- 
glycol series, containing an equal number of carbon atoms, e.g, : 

CHj CHj CHO isomeric with CII3 CO CH, CH2 = CHCHjOH CH,<^g »>0 
rropionaldehydc. Acetone. Allyl alcohol. Trimethylcne oxide. 

Reactions of the Aldehydes 

(1) Oxidation. — On oxidation aldehydes are readily converted into 
the carboxylic acid with the same number of carbon atoms, and 
consequently they behave as powerful reducing agents ; 

R CHO + O R COOH. 

Like the formation of aldehydes from alcohols, this reaction is regarded 
by Wieland as a dehydrogenation of the aldehyde hydrate : 

R CH(0H)2 R COOH + 2H. 

On the other hand, the auto-oxidation of aldehydes on exposure to 
air is a direct addition of molecular oxygen to the molecule, with 
formation of a per-acid, which then reacts with a further molecule 
of aldehyde to form two molecules of carboxylic acid. The presence 
of the per-acid in the reacting mixture can be shown by the liberation 
of iodine from a potassium iodide solution (see Ber. 29, 1454 : 33, 
1581) : 

R CHO + O.^ V 

The ready oxidizability of the aldehydes forms the basis for some 
important methods for their detection. If an aldehyde is warmed 
with a dilute ammoniacal silver solution, silver is precipitated in the 
form of a silver mirror on the walls of the vessel. Aldehydes reduce 
Fehling’s solution, with the formation of cuprous oxide. 
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(2) CoUmr Reactions. Schiff's Reaction . — Aldehydes are readily 
differentiated from ketones by Schiff’s reagent. (A solution of ros- 
aniline (magenta) which has just been decolorized by sulphurous acid.) 
On adding an aldehyde to this reagent, a pink or violet colour is 
produced. Ketones give no colour with Schiff’s reagent (Mechanism 
of reaction, see Ber. 54, 2527). 

Reaction of An^eli- Rimini . — Aldehydes form hydroxamic acids, 
R'C(: NOH)*OH, which give a red colour with ferric chloride, when 
treated with the salts of nitrohydroxamic acid, HO-N : NOONa, and 
benzenesulphohydroxamic acid, CeHs'SCj-NHONa (Gazzetta, 34, I. 
56 : Atti. R. Accad. Lincei. [5] 17, II. 360). 

(3) Condensations . — Dilute alkaline solutions, including potassium 
cyanide, sodium acetate, etc., cause aldehydes containing the groups 
•CHg-CHO and ^CH*CHO to undergo the “ aldol condensation ” to 
hydroxy -aldehydes (see p. 390). Concentrated alkalis resinify the 
lower aldehydes, especially acetaldehyde. (See also (10), p. 232.) 

Where the aldol condensation is impossible, some aldehydes, par- 
ticularly the aromatic aldehydes, undergo a “ Cannizzaro reaction ” 
yielding equimolecular amounts of the corresponding alcohol and acid. 
Among the aliphatic aldehydes, z,§obutyraldehyde undergoes this re- 
action under the influence of baryta water (C. 1901, II. 762). This 
may be due to the intermediate formation of a molecule of ester, 
which is then hydrolysed by the baryta : 

2 R CHO R CH2O CO R R CH^OH + R COOH. 

Evidence for the intermediate formation of esters is given by the fact 
that anhydrous condensing agents such as the aluminium alkoxides 
produce esters from the lower aldehydes. Thus, trioxymethylene 
gives with aluminium methoxide, methyl formate, and acetaldehyde, 
ethyl acetate. (This is of technical importance in the preparation 
of acetic ester from acetylene.) (C. 1906, II. 1552.) 

The so-called “ acyloin ’’ condensation, whereby a-keto alcohols 
are produced from two molecules of aldehyde, is of great importance 
with aromatic aldehydes, but does not occur chemically in the aliphatic 
series. In fermentation reactions, the nascent aldehyde formed is 
regarded as undergoing an acyloin condensation with other aldehydes. 
The enzyme which carries out this synthesis is called carboligase 
(Ber. 57, 1436) : 

CHs-CHO + CH3 CHO CH3 CHOH CO CH3. 

(Nascent.) 

(4) Polymerization . — The lower members of the homologous series 
of the aldehydes polymerize very readily. The polymerization of the 
aldehydes and thioaldehydes depends on the union of several alde- 
hyde radicals, CH 3 *CH=, through the oxygen or sulphur atoms (Ann. 
203, 44). This phenomenon will be fully treated under formaldehyde 
and acetaldehyde (pp. 236, 237). 

(5) Addition Reactions. — (a) Addition of Hydrogen. By the action 
of nascent hydrogen, or catalytically in the presence of a nickel cata- 
lyst at 140^, aldehydes are reduced to primary alcohols (Compt. rend. 
137, 301) : 

R CHO + 2 H ► R CH2OH. 
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A small quantity of a-glycol is produced as a by-product, by the 
combination of two molecules (Atti. R. Accad. Lincei. [5] .22, II. 681). 

(b) Addition of Water. — Ordinarily, aldehydes do not combine with 
water (comp. p. 241). The polyhalogen aldehydes, e.g. chloral, bromal, 
butyl chloral (pp. 238, 240), however, have this power, and yield 
feeble and readily decomposable hydrates, representatives of dihydroxy 
alcohols, both hydroxyl groups of which are attached to the same 
carbon atom : 

CC1 ,CH<q® CBrsCH<Q® CH,CHClCCl,CH<^g. 

Chloral hydrate. Brornal hydrate. Butyl chloral hydrate. 

(c) Addition of Alcohols. — It is also only the polyhalogen aldehydes, 
e.g. chloral, which unite with alcohols, forming aldehyde-alcoholates : 

CCl3CH<Qg2Hs Chloral alcoholate. 

The ordinary aldehydes yield acetals with the alcohols at 100° 
(p. 241) ; 

CH.CHO + 2C3H3OH = + H3O. 

Acetal or Ethylidene diethyl ether. 

(d) Addition of Acid Anhydrides. — Aldehydes combine with acid 
anhydrides to form the esters of the hydrated form of the aldehyde, 
the aa-glycol : 

R CHO + (R'C0)20 ^ R CH(0-C0R')r 

(e) Aldehydes unite in a similar manner with alkali bisulphites, 
forming crystalline compounds : 

CH, CHO 4- NaHSO, = 

[Constitution, see p. 244). The aldehydes may be liberated from 
these salts by distillation with dilute sulphuric acid or aqueous sodium 
hydroxide. This procedure permits of the separation and purification 
of aldehydes from other substances. 

(/) Beaction with Hydrogen Sulphide and Mercaptans. — In the pres- 
ence of hydrochloric acid, hydrogen sulphide converts aldehydes into 
the trithioaldehyde. Mercaptans, under the action of hydrochloric 
acid, produce mercaptals, R-CH(S-R )2 (see p. 247). 

(g) Addition of hydrocyanic acid and Orignard reagents, see p. 233. 

(6) Typical Reactions of the >CO (Carbonyl) Group. — Behaviour 
of aldehydes with ammonia, primary alkylamines, hydroxylamine, 
and phenylhydrazine (CeHg'NH-NHj). (a) They unite directly with 
ammonia to form crystalline compounds, called aldehyde-ammonias 
R-CH(0H)*NH2. These are readily soluble in water but not in ether, 
hence ammonia gas will precipitate them in crystalline form from the 
ethereal solution of the aldehydes. They are rather unstable, and 
dilute acids again resolve them into their components. Pyridine 
bases are produced when the aldehyde-ammonias are heated. 

(6) Aldehydes and primary amines combine, with loss of water, 
to form aldimines, R-CH : NH (p. 248). 

(c) The aldehydes react with hydroxylamine to form aldoximes 
with accompanying liberation of water (F, Meyer, Ber. 15, 2778). 
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It is evident that at first, in these cases, there is formed an un- 
stable intermediate product (compare chloral hydroxylamine, p. 251) 
corresponding with aldehyde -ammonia : 




NH,OH 
^ 


CH: 


/NHOH\ 
•c(-OH ' 




/ 


-H,0 
>- 


CHo CH : NOH. 


(d) The aldehydes behave similarly with phenylhydrazine ; water 
separates and phenylhydrazones (E. Fischer) result (p. 253) : 

CH3 CHO + HgN NHCflHB - CH3 CH : N NHC3H5 + H3O. 

These substances serve well for the detection and characteriza- 
tion of the aldehydes. The aldoximes and hydrazones, when boiled 
with acids, absorb water and revert to their parent substances. They 
yield primary amines when reduced (p. 190). 

(e) Hydrazine^ semicarbazide (q.v.), p-ammo-dimethylaniline (Ber. 
17, 2939), aminophenols, and other aromatic bases (Schiff, Ber. 25, 
2020) react with aldehydes, similarly to phenylhydrazine and its 
substitution products. 

(7) Compounds are formed by the action of phosphorus trichloride 
on aldehydes, which are converted by water into hydroxalkyl phospho- 
acids, e.g. CH 3 CH(OH)PO(OH )2 (Ber. 18, R. HI). 

(8) Phosphorvs penta chloride and phosphorus trichloro-dibromide 
cause the replacement of the aldehyde oxygen by chlorine or bromine 
and yield dichlorides and dibromides, in which the two halogen atoms 
are linked to a terminal carbon atom (p. 243) : 

CH 3 CHO -f PCJs - CH 3 CHCI 2 -f POOL,. 

(9) The hydrogen atoms of the alk}"! groups of the aldehydes may 
be replaced by the action of bromine, as well as by iodine and iodic 
acid. 


B, Nuclear Synthetic Reactions of the Aldehydes 

(10) Aldol Condeyisation —Aldehydes which contain at least one 
hydrogen atom linked to the carbon atom adjacent to the -CHO 
group are able under suitable conditions, such as the action of zinc 
chloride or dilute alkalis, to undergo an '"aldol condensation ” whereby 
two or more aldehyde molecules become linked by a new carbon 
linkage. The “ aldols ” so formed are aldehyde-alcohols, e.g. from 
acetaldehyde, aldol or /?-hydroxybiityraldehyde is formed (Wurtz) : 

CH 3 CHO -f CH 3 CHO CH 3 CH(0H) CH 2 CH(). 

A similar aldol condensation is also possible between two different 
aldehydes : 

R CHj CHO -f R' CHg CHO R CH2 CH(OH) CHR' CHO. 

A similar type of condensation can also take place between alde- 
hydes and other compounds such as ketones, malonic ester, cyano- 
acetic ester, etc., which contain an active -CHg, : CHg or i CH group 
adjacent to a CO group : 

R CHO 4 - CH2(C02Et), ^ R CH(0H) CH(C02Et)2. 

In many cases, the first-formed hydroxy compound loses water, 
and an unsaturated compound is the isolated product : 

R CH(OH) CH(CO,Et )2 ► R-CH : C(CO,Et) 2 . 
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(11) Orignard Syntheses. — Aldehydes react with zinc alkyls or with 
magnesium alkyl halides to form addition products, which when 
decomposed by water or acids yield secondary alcohols (see p. 132). 

(12a) Aldehydes also combine with hydrogen cyanide, yielding 
hydroxy-cyanides or cyanhydrins. These are the nitriles of a-hydroxy- 
acids (q.v.), which will be discussed after the a-hydroxy-acids them- 
selves, and which can be converted into the acids by means of hydro- 
chloric acid : 

yCN HCI /CO2H 

CH3 CHO I- HNC CHa-CH/ CHg CH/ 

\OH \OH 

Lactic acid. 

(6) Aldehydes and ammonium cyanide react together, when water 
separates, and the nitriles of ix-am.ino-acids, e.g. result. 

When treated with hydrochloric acid they yield amino-acids (q.v.). 
The same amino-nitriles are produced by the action of CNH on the 
aldehyde-ammonias, and from the hydroxy-cyanides and ammonia. 
Nitriles of a-anilino-, a-phenylhydrazino-, and a-oximino-acids are 
formed by the addition of hydrocyanic acid to the aliphatic aldehyde- 
anilines, aldehyde phenylhydrazones and aldoximes (Ber. 25, 2020). 

(13) Diazomethane (p. 251) and aldehydes produce alkyl-methyl 
ketones, with evolution of nitrogen, and probably with the formation 
of an intermediary addition product (Ber. 40, 479, 847) : 


CeH.aCH 

II -f 

0 


CH, 

/\ 

N = N 


CeH,sCCH3 

> II 

O 


With certain negatively substituted ” aldehydes such as chloral, 
instead of ketones, ethylene oxides are formed by the action of diazo- 
methane (Z. angew. Chera. 40, 1099), 

Aromatic diazo- compounds react similarly with many aldoximes, 
forming fatty -aromatic ketoximes (Ber. 40, 737). 

Formaldehyde, Methyl aldehyde [methanal], H-CHO, m.p. about 
- 92^ (Ber. 34, 035), b.p. about — 21°, D_8o = 0-9172, D-o,, = 0-8153, 
was discovered by A. W. Hoftnanji, and was until recently only known 
in aqueous solution and in vapour form. It may, as was shown by 
Kekule, be condensed, by lowering the temperature to a colourless 
liquid. Liquid formaldehyde changes slowly at — 20°, rapidly at the 
ordinary temperature, the reaction being facilitated by the presence 
of traces of water, into trioxymethylene, (CH20)3 (Ber. 25, 2435). 
This polymeric modification was known before the simple formalde- 
hyde, into which it is changed by heat. Formaldehyde possesses 
a sharp, penetrating odour, and destroys bacteria of the most varied 
types ; it is, therefore, applied (under the name of formalin) either 
in solution or as a gas, for disinfecting purposes. Many of its com- 
pounds with organic bodies are suitable for this purpose, as they 
regenerate formaldehyde more or less easily (Ber. 27 , R. 757, 803 : 
28 , R. 938 : 29 , R. 178, 288, 426 : C. 1900, I. 263, 791, etc.). 

Another technically important use of formaldehyde is based on 
its power to form compounds with proteins. One of these, with 
casein, so-called “ galalith,’’ is used as a substitute for ivory, horn, 
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etc. The use of formaldehyde in the tanning industry and for the 
manufacture of photographic plates depends upon this reaction. An 
artificial composition of the name “ Bakelite '' is produced on the 
large scale by the condensation of formaldehyde with phenol at high 
temperatures. A derivative of formaldehyde, sodium formaldehyde- 
sulphoxylate, which is obtained from formaldehyde, sodium bisul- 
phite and zinc dust is much used in the dye industry under the names 
Rongalite, Hydralite, etc. (see p. 245). 

Methods of Formation, — (1) It is produced when the vapours of 
methyl alcohol, mixed with air, are conducted over an ignited platinum 
spiral or ignited copper gauze (J. pr. Chem. 33, 321 : Ber. 19, 2133 : 
20, 144 ; Ann. 243, 335) : lamps have been constructed for this 
purpose (Ber. 28, 261). 

This reaction depends on a cataljrtic decomposition of the alcohol 
into formaldehyde and hydrogen, the latter then being burned by 
the admixed oxygen (Z. Elektrochem. 17 , 45). 

Technically, formaldehyde is manufactured from methyl alcohol 
by this method, fine silver gauze acting as the catalyst. 

(2) Formaldehyde can be obtained in about 50% yield by passing 
a mixture of acetaldehyde and air over suitable metallic catalysts, 
such as copper wire (Brit. Pat. 178842, J.C.S. Abstr. 1923, i, 752). 

(3) Formaldehyde can also be obtained by passing a mixture of 
methane and CO 2 through constricted metallic tubes at 500-700° in 
about 56% yield. The following reactions occur (Brit. Pat. 156148, 
J.C.S. Abstr. 1922, i, 522) : 

2 CO 2 > 2CO + 20 

CH 4 + 20 y H-CHO + H 2 O. 

(4) Formaldehyde is produced by the action of halogens on methyl 
alcohol (Ber. 26 , 268) : further action of these decomposes the form- 
aldehyde into CO and halogen acid. 

(5) It is produced in small quantity by heating calcium formate 
or zinc formate (Ber. 51 , 1398). 

(6) In addition to its production from CO 2 and CO and hydrogen 
under the action of metallic catalysts, formaldehyde is obtained in 
small quantity by the action of ultra-violet light or the silent electric 
discharge on the mixed gases (see Z. Elektrochem. 12 , 412 : Chem. 
Ztg. 34, 945 : Proc. Roy. Soc. 84 [B] 101 : J.C.S. 119 , 1025). This 
observation is of great interest, as, since 1870, when Baeyer first 
made the suggestion (Ber. 3, 63) that formaldehyde was the first 
product of photosynthesis in the plant, this reaction has been generally 
aecepted as the first step in the production of carbohydrates from 
carbon dioxide in the plant.* Some indirect support has been given 
to this by the observations of Willstatter on the assimilation quotient, 
i.e. the ratio of O2 produced to COj absorbed, was 1, which is in 
agreement with the equation H2CO3 — > H-CHO -f Og. Recently, 
tfc formation of a compound from formaldehyde and dimethyldi- 


* Critical summary of work on this subject, see R. Willstdlter and A. Stoll : 
Untersuchungen iiber die Assimilation der jKohlensaure (Berlin, 1918) : H, 
Schroder : Die Hypothese iiber die Vorgange bei der Kohlensaure Assimilation 
(Jena, 1917). 
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hydroresorcinol has been made the basis of an attempt to show 
directly the formation of formaldehyde in photosynthesis (Klein, 
Biochem. Z. 168, 361), but doubt has been cast on the interpretation 
of these results (Biochem. J. 24, 1210). For the present, the forma- 
tion of formaldehyde in photosynthesis must be regarded as probable, 
but unproven. 

(7) Formaldehyde is produced by the partial oxidation of various 
hydrocarbons by passing them through heated tubes with oxygen 
suitably diluted. Thus, under suitable conditions, a 75% yield of 
formaldehyde can be obtained from ethylene and oxygen (Blair and 
Wheeler, J. Soc. Chem. Ind. 1922, 41, 303t). 

Detection and Estimation of Formaldehyde, — The majority of methods for the 
detection of formaldehyde depend upon its capacity to form sparingly soluble 
condensation products with aromatic amines and polyhydric phenols, particularly 
with resorcinol and phloroglucinol (Ann. 299 , 317 : C. 1889, I. 270). A strong 
acid solution of fuchsin -sulphurous acid gives a blue or blue- violet colour with 
formaldehyde (Ann. 404 , 105). For the separation of small quantities of form- 
aldehyde, its condensation product with dimethylhydroresorcinol (Dimedon) is 
used (Ann. 294 , 314 : Biochem. Z. 106 , 281). 

The strength of a solution can be estimated gravimetrically by converting 
the formaldehyde into hexamethylenetetramine (CH 2 ) 6 N 4 (Ber. 16 , 1333 : 22 , 
1565, 1929 : 26 , R. 415), or into dimethylene p-dihydrazinophenyl (Ber. 32 , 
1961). 

Titrimctric Methods. — The formaldehyde is transformed by hydrogen peroxide 
in alkaline solution of known strength into sodium formate and hydrogen, under 
the influence of its own heat generation : 

2 CH 2 O -f 2NaOH -f H 2 O 2 2HC02Na + 2 H 2 O + 

From the back titration of the unused alkali the quantity of formic acid can be 
fomid. The reaction takes place with the intermediate formation of an addition 
product between 2 mols. of formaldehyde and 1 mol. of hydrogen peroxide 
(dihydroxyrnothyl peroxide, HOCHa'O-O-CHaOH) (sF»e p. 241), which is quanti- 
tatively decomposed by sodium hydroxide into sodium formate and water (Ann. 
431 , 301) : 

HOCHa-O O-CHaOH -f 2NaOH 2H COONa + + H^O. 

The estimation can also be carried out by treatment with an alkaline iodine 
solution and back titration with thiosulphate (C. 1905, I. 630). 

Formaldehyde and sodium sulphite solution unite with liberation of sodium 
hydroxide, the titration of which gives the quantity of formaldehyde. This 
reaction can also be employed for the estimation of aldehyde polymers (C. 1904, 
11. 263). 

Reactions. — Dilute solutions of the alkali hydroxides partially trans- 
form formaldehyde into formic acid and methyl alcohol (comp. p. 230 
and Ber. 38, 2556). A modified aldol condensation occurs with excess 
of such alkalis as lime, calcium carbonate, or lead oxide (p. 232), 
giving rise to glycol aldehyde, C2H4O2, t-arabinose, C5H10O5, and 
various hexoses, CgHigOg, of which the principal is a-acrose or dl- 
fructose (Ber. 39, 45, 1592). 

It is noteworthy that the condensation of formaldehyde to glycoUic 
aldehyde also takes place under the influence of ultra-violet light 
(Monatsh. 33, 415 : J. pr. Chem. [2] 86, 336). This reaction gives 
support to the theories of assimilation of carbon dioxide in plants 
(Ber. 3, 67 : J. pr. Chem. [2] 33, 344). 

Formaldehyde acted on by acetaldehyde and lime yields penta- 
erythritol, C(CH20H)4 (Ber. 26 , R. 713) ; with nitromethane (p. 181) 
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it gives nitro-fer/.-butyl glycerol, N02C*(CH20H)8 ; with picoline 
(VoL III) it yields trimethylolpicoline, (C6H4N)C(CH20H)3. Thus, 
formaldehyde shows a strong tendency to unite repeatedly with 
reactive CH 3-groups, to form aldol-like bodies of increasing complexity. 

In the very numerous reactions of formaldehyde its oxygen unites 
with two hydrogen atoms of the reacting body to yield water. It 
is immaterial whether the hydrogen is in union with carbon, nitrogen, 
or oxygen. The products are, for example, diphenylmethane deriva- 
tives, methyleneaniline, and formals of polyhydric alcohols (Ann. 
289 , 20). 

Polymeric Modifications of Formaldehyde. — The concentrated aqueous 
solution of formic acid not only contains volatile CHgO, but also the hydrate 
OH 

CHjC^qjj, i.e. hjqDothetical methylene glycol, and non-volatile polyhydrates. 

On complete evaporation of the solution the hydrates condense to the solid 
water-soluble paraformaldehyde^ (CH2O),,. 

Trioxymethylene, (CH20)3, rnetafonnaldehyde {Butlerow)^ is distinguished 
from the so-called paraformaldehyde, by its insolubility in water, alcohol, and 
ether. It is formed from the monomeric formaldehyde by evaporation of its 
solutions over sulphuric acid. On heating, it changes into the monomeric 
vapour, as shown by determinations of the vapour density. It forms an indefi- 
nitely crystalline mass, m.p. 171-172°. When it is heated with water to 130° 
it changes to the simple molecule CH2O, but by prolonged heating carbon dioxide 
and methyl alcohol are produced (Bor. 29, R. 688). 

When dry trioxymethylene is heat-ed with a trace of sulphuric acid to 115° 
in a sealed tube it is changed into the isomeric a-trioxymethylene, (CH20)3, m.p. 
60-61° (Ber. 17 , R. 567). 

The polymeric modifications of formaldehyde have not yet been as success- 
fully studied as the polymeric acetaldehydes (C. 1904, II. 21, 585). 

In contact with peroxides, such as BaOa and SrOg, and in the presence of 
water, the polymerized formaldehydes are catalytically changed into the sirqple 
form accompanied by the disengagement of a considerable quantity of heat 
(C. 1906, II. 1135). 

Acetaldehyde, Ethyl aldehyde [ethanal], C2H40=CH3*CH0, m.p. 
— 120'', b.p. 20*8", Do = 0-8009 (Ber. 23, 638), is prepared accord- 
ing to the usual methods : (1) From ethyl alcohol ; (2) from cal- 
cium acetate ; (3) from acetyl cliloride or acetic anhydride ; (4) from 
ethyhdene chloride, from acetal and ethylidene diacetate ; (5) from 
ethylene oxide ; (6) from lactic acid ; (7) from sodium nitroethane ; 
and (8) from acetylene (p. 110). It occurs in the first runnings in 
the rectification of spirit, and is formed, too, by the oxidation of 
alcohol when filtered through wood charcoal (p. 143). 

History. — In 1774 Scheele noticed that aldehyde was formed when alcohol 
was oxidized with manganese dioxide and sulphuric acid. Ddhereinery however, 
was the first to isolate the aldehyde in the form of aldehyde -ammonia, which 
he gave for investigation to Liebig^ who then established the composition of 
aldehyde and showed its relation to alcohol. It was Liebig who introduced 
the name .4Z(cohol)-de^2/(i(e)(rogenatus) into chemical science (Ann. 14 , 133 : 
22 , 273 ; 25 , 17). Ordinary aldehyde readily polymerizes to liquid paraldehyde, 
and solid metaldehyde. Feiding first observed the former, and Liebig the latter. 
Kekule and Zincke determined the conditions of formation for the aldehyde 
modifications and cleared up the somewhat confused reaction relations (Ann. 
162 , 125). 

Preparation. — 90 per cent, ethyl alcohol (3 parts) is oxidized by dropping into 
it a mixture of a solution of 3 parts of potassium dichromate in 12 parts of water 
and 4 parts of concentrated sulphuric acid (Ber. 27 , R. 471). The escaping alde- 
hyde vapours are conducted into ether and aldehyde-ammonia separates in a 
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(Tystalline form when ammonia is pasBed into the ethereal solution. Pure alde- 
hyde may be liberated from this by dilute sulphuric acid, and dried over dehy- 
drated cakdum chloride. 

Acetaldehyde is a mobile, peculiar-smelling liquid, miscible in all 
proportions with water, ether and alcohol. It is prepared technically 
in order to obtain paraldehyde and quinaldine (q.v.). 

Polymeric Aldehydes. — Small quantities of acids (HCl, SOg) or salts (ZnClg, 
CHgCOgNa) convert aldehyde at ordinary tem'peratures into paraldehyde, 
(C2H40)3, m.p. 124°, Dgo = 0-9943 ; the change is accompanied by evolution of 
heat and contraction in volume and is particularly rapid, if a few drops of 
sulphuric acid be added to the aldehyde. Paraldehyde is a colourless liquid, 
and dissolves in about 12 vols. HgO ; it is, however, more soluble in the cold 
than when warm. This behaviour would point to the formation of a hydrate. 
The vapour density agrees with the formula CgHigOg. Paraldehyde is employed 
in medicine as a soporific. When distilled with sulphuric acid ordinary aldehyde 
is generated. Paraldehyde can be brominated at — 10° to — 15° to mono- and 
dibromo -paraldehydes, accompanied by small amounts of tribromo- compound 
by the use of the appropriate amount of bromine (Ber. 58, 1718: 59, 2533). 

Metacetaldehyde (Metakhhyde), (C2H40)4 or (C2H40)2„ (Ber. 40, 4341), 
is formed by the action of similar reagents on acetaldehyde at temperatures 
below 0°. It is a white crystalline compound, insoluble in water, but readily 
dissolving in hot alcohol and ether. It sublimes without melting at about 150°, 
with partial decomposition into the monomolecular aldehyde : the decomposition 
to the monomolecular form is complete when the compound is heated in a sealed 
tube. If kept at 60-65° for several days, metacetaldehyde changes into acetalde- 
hyde and paracetaldehyde. 

Chemical behaviour, refractive power, and specific volume point to a single 
linkage of oxygon and carbon ; therefore the three oxygen atoms in paraldehyde 
unite the three ethylidene groups to a ring of six members : 

They may be considered cyclic ethers of ethylidene glycol, of which the 
anhydride is acetaldehyde. 

Reactions of Acetaldehyde and its Polymers. — (1) In the air acetalde- 
hyde slowly oxidizes to acetic acid. It produces a silver mirror from 
an ammoniacal silver nitrate solution. Paraldehyde and metalde- 
hyde do not reduce silver solutions. (2) Alkalis convert acetaldehyde 
into aldehyde resin. (3) It is reduced to ethyl alcohol by nascent 
hydrogen. (4) Aldehyde unites with alcohol to form acetal (p. 242). 
(5) Hydrogen sulphide converts it into thioaldehyde (p. 245), and with 
mercaptans it forms mercaptals (p. 247). (6) Acetic anhydride changes 

it to ethylidene diacetate (p. 244). (7) On shaking aldehyde with a 

very concentrated solution of an alkab bisulphite crystalline com- 
pounds separate, CH 3 *CH( 0 H)S 03 K, which are resolved into their 
components when treated with acids (p. 244) : 

CH.CHO + HKSO, = 

CH 3 CH<Qg»®- + HCl = CH 3 CHO + SO 3 + H,0 + KCl. 

Paraldehyde and metaldehyde do not unite with the bisulphites 
of the alkalis. (8) Acetaldehyde reacts with ammonia, hydroxyl- 
amine, and phenylhydrazine, whilst paraldehyde and metaldehyde 
fail to do so. (9) Phosphorus pentachloride converts acetaldehyde, 
paraldehyde and metaldehyde into ethylidene chloride (p, 243). 
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(10) Aldehyde combines with hydrocyanic acid, the product being 
the nitrile of di-lactic acid. 

For the condensation of aldehyde to aldol, crotonaldehyde, and 
other compounds, see p. 390. 

Homologous Aldehydes 

The homologues of formic and acetaldehydes are prepared either (1) by the 
oxidation of the cori*espondmg primary alcohols ; or (2) by the distillation of the 
calcium or barium salts of the corresponding fatty acids, mixed with calcium or 
barium formate ; (3) by transformation of ethylene oxide or glycol ethers ; (4) by 
organo -magnesium synthesis ; and (5) from the next higher a-hydroxy-fatty acid 
(C. 1904, II. 509). 


Name. 

Formula. 

M.P. 

1 B.P. 

1 

Propionaldehyde [Propanal] . 

CHsCHj-CHO 



49° 

??-Butyraldehyde [Butanal] 

(CH 3 ){CH,) 3 -CH 0 

— 

75° 

woButyraldehyde . 


(CH,) 3 CHCH 0 

— 

61° 

n -V aleraldehyde 


(CH 3 )[CH 3 ] 3 CH 0 

— 

103° 

?^oValeraldehyde . 



C 4 H 3 CHO 

— - 

92° 

Methylethylacetaldehyde .... 

C 4 H 3 CHO 

— 

91° 

Trimethylacetaldehyde (Ber. 24, R. 




898) .... 



(CH 3 ) 3 CCH 0 

— 

74° 

n-Caproic Aldehyde 


CH 3 -[CHJ 4 CH 0 

— 

128° 

Methyl- n -propylacetaldehyde 

C 5 H 11 CHO 

— 

116° 

isoHexaldehyde 


C 3 H 11 CHO 

— 

121 ° 

HeptfJdehyde, (Enanthal .... 

CHs[CHj 5 CHO I 

— 

155° 

Octaldehyde, 

CgH-igO. 

; CHsCCHgJe-CHO 

— 

81° (32 mm.) 

Capric Aldehyde, 

C 10 R 20 U 

' CHaCCHJsCHO 

— 

1 106° (15 inrn.) 

Undecaldehyde, 


CH 8 [CH,] 3 CH 0 

- 4° 

117° (18 imn.) 

Laurie Aldehyde, 

^121^24^ 

CHaLCHjlioCHO 

44-5° 

i 142° (22 mm.) 

Tridecaldehyde, 

LJ3H26O • • 

CH8[CHJiiCHO 

— 

152° (24 mm.) 

M 3 ;Ti 8 tic Aldehyde, 

ChH,.0 . . 

CHaLCHaJ.gCHO 

52-5° 

168° (22 rnrn.) 

Pentadecaldehyde, 

CjsHsotl 

CHaLCHaJia-CHO 

— 

i 185° (25 mm.) 

Palmitic Aldehyde, 

CjeHggO 

CH3LCHJ14CHO 

58*5° 

' 192° (22 mm.) 

Margaric Aldehyde, 

0 „H 3,0 . . 

CHgLCHgJigCHO 

36° 

204° (26 mm.) 

Stearic Aldehyde, 


CHgLCHglieCHO 

63-5° 

212° (22 mm.) 


Propionaldehyde y by the action of hydrochloric acid, yields both parapropion- 
aldehyde, b.p. IGO"", and metapropionaldehyde, m.p. 180''. They have the mole- 
cular formula (C3H80)3 (Ber. 28, R. 469). 

The higher aldehydes also form polymeric forms (Monatsh. 33, 349). 

Of the higher aldehydes, heptaldehyde {oenanthal, from oUos ~ wine) is 
most readily obtained, being formed when castor oil is distilled under reduced 
pressure : 

C18H34O3 C10H13COOH + CH3(CH3)3CH0 

Eidnoleic acid. Undecenoic acid. (Enanthal. 

A number of high molecular aldehydes occur in essential oils, e.g. n-nonalde- 
hyde in Rose-oil (Ber. 33, 2302), n-decaldehyde in or€inge-peel oil and acacia oil 
(J. pr. Chem. [2], 68, 235), lauraldehyde in oil of silver-fir (C. 1904, I. 1264). 

1. HALOGEN SUBSTITUTION PRODUCTS OF THE 
SATURATED ALDEHYDES 

Trichloroacetaldehyde, Chloral, CCls-CHO, which was discovered 
in 1832 by Liebig while engaged in studying the action of chlorine 
on alcohol (Ann. 1, 182), is the most important of these compounds. 

Fritsch considered that chlorine acts on alcohol to produce at first mono- 
chloroalcohol or aldehyde chlorhydrin (i). Alcohol and hydrochloric acid convert 
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this, through the aldehyde alcoholate, into acetal. Neither substance can be 
isolated. Obviously acetal is chlorinated too easily to mono- and, dichloroacetal 
(ii and III). These two compounds, under the influence of hydrochloric acid, pass 
into dichloro- and trichloro -ether (iv and v). Water changes the latter to dichloro- 
acetaldehyde alcoholate (vi), which is converted by chlorine into chloral alco- 
holate. Sulphuric acid decomposes the latter into alcohol and chloral (viii) 
(Ann. 279, 288 : C. 1897, I. 635, 801 : compare also the chlorination of wobutyl 
alcohol, Ber. 27, R. 507). 

I 

CH. CHjOH 2l! CH, CH<°H (CH, CH<^^«®‘) 



111 V 


VIII 

> CCI3 CHO 



p-rx^-^OGjII 


ch<oh*”' 


Chloral hydrate, dichloroacetic ester, trichloro -ethyl alcohol (Ber. 26, 2756), 
and ethylene monochlorhydrin are by-products in the manufacture* of chloral. 
(Private communication from Anschutz and Stiepel.) 


Chloral is an oily, pungent-smelling liquid, b.p. 97°, Dq 1-541. 
When kept for some time it passes into a solid polymer. 


Chloral shows greater tendency than acetaldehyde to form addition com- 
pounds at the C ; O linkage. Like acetaldehyde, it not only combines with 
acetic anhydride, the alkali bisulphites, ammonia and hydrocyanic acid, but 
also with water, alcohol, hydroxylamine, formamide — four substances with 
which acetaldehyde is incapable of uniting. 

The following reactions of chloral should also be observed : (1) The alkalis 
break it down into chloroform and alkali formates : 


CCI3CHO -f KOH = CHCI3 4- H-COgK 

( 2 ) fuming sulphuric acid condenses it to chloralide trichlorolactic 

trichloroethylidene ether ester : 

COO. 

(SO, 4 h,S 04) . >CH CCla 

^ HCCI3 + CClaCHO-^ * 

Chloralid«\ 


( 3 ) potassium cyanide changes it to dichloroacetic ethyl ester (q.v.). 
Trichloroethyl alcohol, CCI 3 CH 2 OH, is formed by the biochemical reduction 
of chloral by yeast. Its urethane is used as a hypnotic under the name voluntal 
(Ber. 56, 2283). 


Chloral hydrate, Trichloroethylidene glycol, CCl 3 -CH(OH) 2 , m.p. 
57°, b.p. 96-98°, results from the union of chloral with water. It is 
technically prepared on a large scale. It consists of large monoclinic 
prisms. Its vapour dissociates into chloral and water. Chloral 
hydrate dissolves readily in water, possesses a peculiar odour and a 
sharp, biting taste ; when taken internally it produces sleep, a fact 
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which was discovered in 1869 by Liebreich (Ber. 2, 269). It is ex- 
creted in urine after administration as vrochloralic acid (q.v.). Con- 
centrated sulphuric acid resolves the hydrate into water and chloral. 
It reduces ammoniacal silver solutions and wlien oxidized with nitric 
acid yields tricliloroacetic acid. 

Chloral hydrate is the first example of a body which, contrary to the rule, 
contains two hydroxyl groups attached to the same carbon atom, without the 
occurrence of the immediate spontaneous cleavage of water. 

Other halogen Substitution Products of Acetaldehyde. — Dichloroacetaldehyde , 
b.p. 88-90°, results from the action of concentrated H 2 SO 4 , or better, benzoic 
ardiydride (Ber. 40 , 217), on dichloroacetal, CHCl 2 'CH(OC 2 H 5)2 {p. 242). Dichloro- 
acetaldehyde hydrate, CHCl 2 *CH(OH) 2 , m.p. 67°, b.p. 120°. 

Monochloroacetaldehyde, b.p. 85°, is formed whom raonochloroacetal 
(p. 242) is distilled with anhydrous oxalic acid. It polymerizes very readily 
(Ber. 15 , 2245). 

Tribromoaldehyde, Bronial, CBrg-CHO, b.p. 172-173°, is j^erfectly analogous 
to chloral. Heated with alkalis, bronial breaks up into bromoform, CHBrg, 
and a formate. 

Bromal hydrate, CBr 3 CH(OH)o, m.p. 53° : Bronial alcoholate, CBraCHlOH)- 
( 0 -C 2 H 6 ), m.p. 44°. 

Dibromoacetaldehyde, b.p. 142°, is obtained by the bromination of par- 
aldehyde. 

Dibroinoaccialdehyde hydrate, CHBr 2 CH(OH) 2 , ni.p. 59°, is prepared by the 
addition of HBrO to acetylene (C. 1900, II, 29). 

Bromoacetaldehyde , b.p. 80-105°, is produced from monobromoacetal. 

lodoacetaldehyde, CHgl'CHO, is made by acting on aldehyde with iodine 
and iodic acid. It is an oily'liquid, which decomposes at 80° (Ber. 22, R. 561). 

The three chloro- (or bromo-) acetaldehydes may be considered the chlorides 
of the following hydroxy compounds : 

CHgCbCHO, Chloroacetaldehyde. CH 2 (OH)-CHO, Glycollic aldehyde. 

CHCb’CHO, Dichloroacetaldehyde. CHO CHO, Glyoxal. 

CClg-CHO, Trichloroacetaldehyde. COgH CHO, Glyoxylic acid. 

Chlorine Substitution Products of the Higher Aldehydes : 

P-Chloropropionic aldehyde, CHjCI-CHg-CHO, m.p. 35°, from acrolein, CH 2 = 
CH'CHO, and hydrochloric acid. 

P-Chlorobutyraldehyde, CH 3 -CHCl'CH 2 -CHO, m.p. 96°, is produced from croton - 
aldehyde, CHg CH : CH CllO, by the addition of HCl. 

aa)S-Trichlorobutyraldehyde, Butyl chloral, CHg-CHCl-CClg CHO, b.p. 163- 
165 . 

Butyl chloral hydrate, CH 3 CHCbCCl 2 *CH(OH) 2 , m.p. 78°, is formed from 
a*chlorocrotonaldehyde and Clg. Alkalis decompose it into formic acid, potas- 
sium chloride, and dichloropropylene, CHg-CCl : CHCl. It is converted, by 
nitric acid, into trichlorobutyric acid. When taken into the system it appears 
in the urine as urobutylchloralic acid {q-v.). 

The relations of these three chlorinated aldehydes to the unsaturated alde- 
hydes, from which they are formed by the addition of HCl or CI 2 , and to the acids 
which they yield on oxidation, are shown in the following table : — 

HCl HNO, ^ a 

CH 2 - CH CHO CH 2 CbCH 2 CHO ^ CHaCbCHa COaH. 

Acrolein. ^-Chloropropionaldehyde. /3-Chloroproplouic acid. 

HCl 

CH 3 CH-CH CHO ^ CH 3 CHCI CH 2 CHO > CH 3 CHCI CH 2 CO 2 H. 

C’rotonaldehyde. iS-Chlorobutylaldehyde. /3-Chlorobutyric acid. 

CH3 CH-CCI CHO — CHg-CHCl CCla-CHO CHa CHCl CCb^ COaH 

a-Clilorocrotonaldehyde. Butylchloral. Trichlorobutyric acid. 

TetrabromobiUyric aldehyde, CHgBr-CHBr'CBrjCHO, m.p. 64°, b.p. 146°/ 13 
mm., is prepared from paraldehyde and excess of bromine, with the inter- 
mediary production of crotonaldehyde. It does not form a hydrate, and is 
decomposed by alkalis into formic acid, bromopropargyl bromide, CH 2 Br‘C : CBr, 
and other bodies (C. 1906, II. 392: 1907, I. 1180). 
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ALDEHYDE PEROXIDES 

Formaldehyde peroxide, Dihydroxymethyl peroxide, HOCHa-O O CHjOH, 
is formed by the slow combustion of ethyl ether (Ber. 18, 3343). It is obtained 
pure by the action of an ethereal solution of formaldehyde on an ethereal solution 
of hydrogen peroxide (see Proc. Roy. Soc. 90 [A], 492). It forms colourless 
crystals, m.p. 63° (Ann. 431 , 306). By the action of ammonia it yields hexaoxy- 
methylenediamine, hexamethylenotripcroxydiamine, N(CH 20 - 0 CH 2 ) 3 N, which 
can also be easily prepared by the action of a solution of formaldehyde on am- 
monium sulphate dissolved in 3 per cent, hydrogen peroxide. The dry substance 
explodes as violently as diazobenzene nitrate on being heated, by friction or by 
a blow (Ber. 33, 2486). 

Acetaldehyde peroxide, Dlhydroxy ethyl per oxide, {(JR )02, is similarly 

prepared. It is an oil, appreciably less stable than the formaldehyde derivative 
(Ann. 431, 314). 

Dichloral peroxide hydrate, CClgCHc^^^ ^^^CH CClg, m.p, 122°, is 

prepared from chloral and H 2 O 2 in an ether solution or potassium persulphate 
in sulphuric acid (Ber. 33, 2481). 

Aldehyde peroxides of the general formula K 01102 are obtained by the 
action of ozone on the aldehydes. They isornerizo to the corresponding a(;id on 
heating (Ann. 374, 321). 

2. ETHERS AND ESTERS OF THE ALDEHYDE HYDRATES 

As already mentioned, the aldehydes can be regarded as the an- 
hydrides of the usually non-existent aa-glycols, R‘CH( 0 H) 2 . These 
hydrates can generally only be isolated when derived from an alde- 
hyde such as chloral which contains several halogen atoms. The 
mono-alkyl ethers of these hydrates (the ahoholates) are equally un- 
stable, but the dialkyl ethers or acetals are stable bodies readily 
formed from all aldehydes. 

R-CH(0H)2 HCH(0H)0R' RCH(0R')2 

Aldohydo hydrHtt“5. Aldc*liyd<' alcoholatos. Acetals. 

A. Alcoholates 

Alcoholates only exist as addition products of alcohol with halogen substitu- 
tion products of the aldehydes. In this they resemble the aldehyde hydrates 
which are only stable when a sufficient number of hydrogen atoms have been 
replaced by halogens. 

CH 

Chloral alcoholate, CC18CH<^q^ jj , m.p.[65°, b.p. 114°, is the main product 

from the action of chlorine on alcohol (p. 239). It is also formed by treatment of 
chloral or chloral hydrate with alcohol. Water changes it slowly into chloral 
hydrate (Ber. 28, R. 1013). Chloral dimethylethylcarhinolate, CCl 3 CH(OH)*- 
0C(CH3)2C2H6, is prepared from chloral and amylene hydrate (p. 148), or chlorine, 
amylene and hydrochloric acid (C. 1900, II. 1167). Further chloral alcolbolates, 
see C. 1908, I. 1561. 

Bromal alcoholate, CBr 3 CH(OH)'OEt, m.p. 44°. 

B. Acetals 

Acetals are produced (1) when alcohols are oxidized with MnOj 
and H 2 SO 4 . The aldehyde formed at first unites with alcohol with 
the simultaneous separation of water : 

3 CH 3 CH 2 OH — V CH3CH(0C2H5)2 + 2 H 2 O. 

(2) When aldehydes are heated with the alcohols alone to 100'^ ; 
and from trioxymethylene and alcohols on the addition of ferric 
VOL. I. R 



242 ORGANIC CHEMISTRY 

chloride (1-4%) (Ber. 27, R. 506), or syrupy phosphoric acid (C. 
1899, 1. 910). 

(3a) By the action of gaseous HCl on a mixture of alcohol and 
aldehyde, a ehlorhydrin (see Ethylene glycol) being the first product : 

CHjCHO + CjHjOH y . + HCl. 

(Sb) More conveniently, by the action of 1% alcoholic hydro- 
chloric acid on aldehyde (Ber. 31, 545). 

(4) By the action of metallic alcoholates on the corresponding 
chlorides, bromides and iodides. 

(5) By the action of aldehydes on orthoformic ester or hydro- 
chloric acid, formimido-ether and alcohol, i.e. on nascent orthoformic 
ester. This method is also employed for the preparation of acetals 
of the ketones (Ber. 31, 1010: 40, 3301). 

On heating the acetals with alcohols, the higher alkyls are replaced 
by the lower (Ann. 225, 265 : C. 1901, I. 1146). When the acetals 
are digested with aqueous hydrogen chloride they are resolved into 
their constituents. They dissolve readily in alcohol and in ether, 
but with difficulty in water. 

The acetals are considerably more stable towards alkalis than the 
aldehydes, and are mainly employed in those changes where aldehydes 
would be resinified or condensed. 

"Slethylol, Methylene dhnethyl ether, FormaU CH 2 (OCH 8 ) 2 » b.p. 42*, D. —0*855, 
ifi an excellent solvent for many carbon compounds. Methylene diethyl ether. 
Diethyl formal, CH 2 (OC 2 Hfi) 2 , b.p. 89°. For the higher methylals see Ber. 20, 
R. 553 ; 27, R. 507. Dichloromethylal, CH 2 (OCH 2 Cl) 2 , b.p. 166°, is obtained 
from the interaction of paraformaldehyde and dichloromethyl ether, 0 (CH 2 C 1)2 ; 
and also from a formaldehyde solution and HCl (Ann. 334, 1). With sodium 
methoxide and ethoxido it yields respectively dimethoxymethylal, b.p. 107°, and 
diethoxymethylal, b.p. 140°, having the general formula CH2(0CH20R)2 (C. 1904, 
II. 416, 1906, II. 226), 

Ethylidene dimethyl ether, acetaldehyde dimethyl acetal, CH 3 CH(OCHa) 2 , b.p. 64°. 

Acetal, Ethylidene diethyl ether, CHfiIHOC 2 Fl^) 2 , b.p. 104°, D 20 — 0*8314, 
is produced in the process of brandy distillation. It is quite stable towards the 
alkalis, whilst dilute €W?ids readily break it down into aldehyde and alcohol 
(Ber. 16 , 512). 

Halogen Derivatives of Acetal. — Monochloroacetal, CH 2 Cl*CH(OEt) 2 , b.p. 
dichloToocetal, b.p. and tricliloroacetal, OC\^*- 

CH(OEt) 2 , b.p. 197°, can be obtained by the chlorination oi acetal, but all are 
more readily prepared by the action of chlorine on alcohol under suitable con- 
ditions of cooling (Ann. 279, 300). 

Monobromoacetal, CH 2 BrCH(OC 2 H 5 ) 2 , b.p. 170°, is produced from acetal, 
bromine, and CaCOj ; or from paraldehyde, bromine, and alcohol (Bor. 25, 2551 : 
C. 1905, I, 1218 : 1907, I. 1180), Sulphuric acid decomposes the halogen acetals 
into alcohol and halogen-aldehydes (p. 240). lodoacetal, I*OH 2 *CH(OC 2 H 5 ) 2 , 
b.p. 100°/10 mm. (Ber. 30, 1442). 

Butylchloralacetal, CHjCHCl-CCl 2 CH(OC 2 H 6 ) 2 , b.p. 123°/20 mm. (C. 1907, 
I. 152). 

The polymeric modifications of aldehyde are closely related to the acetals, 
and result from an acetal-like union of similar molecules (p. 236). If molecules of 
different aldehydes take part in the reaction, there are obtained compoimds similar 
to those formed by polymeric aldehydes ; chloral and formaldehyde, with con- 

.Q 

centrated H 2 SO 4 give Hexachlorodimethyltetroxan, CClaCH<^Q Q^CHCCIg 
and Hexachlorodimethyltrioxan, CCl«CH<r^ ^^ CHCla (Ber. 33, 1432). 
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C. Aldehyde Dihalides and Halogenohydrins 

The aldehyde dihalides, R-CHXg, and the aldehyde halogenohydrins, 
K CH(OH)*X, can be regarded as the di- and mono-halide esters of the non- 
existent aa-glycols, or aldehyde hydrates, R-CH(OH)2. The ethers of the halo- 
genohydrins, R-CH(OR')‘X, can abo be regarded as a-halogen substitution 
products of the ethers, R-CH^'OR'. 

1. Aldehyde Dihalides, R-CHXj. — The dichloro- compounds are readily 
produced by heating aldehydes with phosphorus pentachloride, and re-form 
the aldehyde when heated with water at 100°. 


Name. 

Formula. 

M.P. 

B.P. 

1 

D. 

Methylene chloride 

CH2CI2 



41° 

1-37 

( 0°) 

Methylene bromide 

CHgBrg 

— 

98° 

, 2-54 

( 0°) 

Methylene iodide 

CH2I2 

+ 4° 

181° 

3-28 

(15°) 

Ethylidene chloride 

CH3CHCI2 

— 

60° 

1-17 

(20°) 

Ethylidene bromide . 

CH3CHBr2 

— 

; 110° 

2-02 

(20°) 

Ethylidene iodide . 

1 CHsCHIj 

— 

1 127°/171 mm. 

i 2-84 

( 0°) 

Propylidene chloride . 

CHjCHjCHClj 

— 

86° 

1-16 

(14°) 


Methylene chloride is formed from CH3CI and Cl, by the reduction of chloro- 
form by means of zinc in alcohol, and from trioxymethyleno and PCI 5. 

Methylene bromide results on heating CHgBr with bromine to 180°, and by 
the action of trioxymethylene on aluminium bromide, or phosphorus penta- 
bromide. 

Methyle7ie iodide is produced when iodoform is reduced with HI, or better, 
with arsenious acid and sodium hydroxide {Klinger), It is characterized by a 
high specific gravity. Chlorine and bromine change it to methylene chloride and 
bromide. Mercury produces the derivative ICHgHgl (C. 1901, I. 1264). Heated 
with copper in a sealed tube it yields ethylene (p. 102). 

Ethylidene chloride is produced (1) from aldehyde by the action of PCI 5, 
(2) from vinyl bromide by means of hydrogen bromide, and (3) by treating copper 
acetylidc with concentrated hydrochloric acid (Ann. 178, 111). Kthylene 
(p. 102) is produced by the action of sodium. 

Ethylidene bromide is obtained by the action of PClsBr^ on aldehyde (Ber. 5, 
289). 

Ethylidene iodide is obtained from acetylene and hydriodic acid (Ber. 28, 
K. 1014). 

2. Aldehyde Halogenohydrins. — These are only known as their ethers, the 
a-halogen ethers, R'CH(OR')-X. The latter are obtained by the action of 
alcohols and halogen acids on the aldehydes, and are readily converted by the 
further action of alcohols or alkoxides into the dialkyl ethers, acetals. 

Monochloromethyl ether, CHiCl-OMe, b.p. 59*2°, 1-0771. Monochloro- 

methyl ethyl ether, CHaCl-OEt, b.p. 83°, Dj® 1-0188. Monochloromethyl propyl 
ether, CHgCl-O-CgH;, b.p. 109°, and higher homologues are obtained from tri- 
oxymethylene, hydrochloric acid and the corresponding alcohol (Ber. 38, 1383 : 
Ann. 334, 49 : C. 1912, II. 1266). 

They are highly reactive bodies ; with water they regenerate formaldehyde ; 
with formates and acetates they yield ether-esters of the type HCOOCHgOR ; 
with magnesium alkyl halides they give simple ethers (p. 155) ; with magnesium 
in presence of ketones or carboxylic esters or magnesium -organic compounds 
such as ROCHgMgX (p. 366), they form ethers of the ethylene glycols, R"R'- 
C(0H)CH20R, or diethers of the glycerols, R'C(0H)(CH20R)2 ; with mercury 
or copper cyanides they are converted into nitriles of alkoxyl glycollic acid 
NC-CHgOR (C. 1907, 1. 400, 871). They yield hexamethylenetetramine with 
ammonia (p. 248), and form quaternary ammonium salts, ClRgNCHgOCH,, 
with tertiary amines. 

Monobromomethyl ether, b.p. 87° ; DJ® 1-6065. Monoiodomethyl ether, b.p. 
124° ; Die = 2-0249 (Ber. 26, R. 933). 

QL’Monochloroethyl ether, CHeCHCl-O-CHjCHe, b.p. 98°, isomeric with ethylene 
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chlorhydrin ethyl ether, ClCHgCHj-O'CgHg, is produced by the chlorination of 
ether, and by saturating a mixture of aldehyde and alcohol with hydrochloric 
acid, into which substances it is again resolved by water. OL-Moriobromoethyl 
ether, b.p. 105"^ (Ber. 18 , R. 322). 

Tetrachloroethyl ether, CCls-CHCI-OEt, b.p. 189°, from chloral alcoholate and 
PCI5 (J.A.C.S. 31 , 410). 

3. ^yw.-aa'-Dihalogen alkyl ethers. Ethers oj the aldehyde halohyd/rinsvesvlt 
from the action of the halogen acids on trioxymethylene (C. 1900, I. 1122; 

1901, II. 26 ; Ami. 334, 1). 

sym.- Dichloromethyl ether, (CHj[Cl)20, b.p. 105°, D = 1-315, is also obtained, 
together with dichloromethylal from trioxymethylene and PCI3. syni.-Dibrorno- 
methyl ether, b.p. 150°. Bym.-Diwdomeihyl ether, b.p. 218°. 

OiOL-Dichloroethyl ether, (CHa-CHCl)20, b.p. 116°. 

D. Carboxylic Esters of the Aldehyde Hydrates 

The carboxylic esters of the alkylidene glycols, R-CH(OR')2, are formed 

(1) from aldehydes and acid anhydrides: 

CH3CHO 4- (CH3C0)20 - CH3CH(0C0CH3)2. 

(2) From aldehydes and acid chlorides ; 

CHaCHO + CH3COCI = 

(3) From the corresponding chlorides, bromides, and iodides by tlio action 
of silver salts : 

CH2I2 + 2CH3C02Ag = CH2(0C0CH3)2 + 2AgI. 

When boiled with water these esters break down into aldehydes and acids. 

Methylene diacetate, CH2(OCOCH3)2, b.p. 17(»°. For higher homologues see C. 

1902, II. 933 ; 1903, II. 656. Ethylidene diacetate, CH8CH(O'C0CH8)2, b.p. 169°. 

Chloral diacetate, CCl3-CH(OCOCH3)2, b.p. 221°. Bromal diacetate, m.p. 76°. 

M onochloromethyl acetate and monobrotnomethyl acetate, Br-CH20C0CH3, 

b.p. 130°, are prepared from trioxymethylene and acetyl chloride or bromide 
(C. 1901, II. 396). OL-Mofiochloroethyl acetate, CHgCHCl OCOCHg, b.p. 121-5°, 
is the parent substance for the preparation of ether-esters and mixed ethers. 
OL-Chloroethyl propiotiaie, b.p. 134—136°. Silver propionate with the first chlor- 
hydrin forms the same ace to -ethy Udine propionate, CIl3COO*CH(CHa)OCOC2H5, 
b.p. 178-6°, as silver acetate with the second chlorhydrin. These facts argue 
for the equivalence of the carbon valencies (Geuther, Ann. 225, 267). 

Chloral acetyl cfdoride, CCl3CHCi(OCOCH^), b.p. 193°. Brotnal acetyl chloride 
(C. 1900, II. 811). Chdoral ethyl acetate, CCl3-CH(OC2H3)0-COCH3, b.p. 198° 
{C. 1901, I. 930). 

E. Aldehyde- Bisulphites and Aldehyde Sulphoxylates 

Aldehydes in aqueous solution absorb sulphurous acid with evolu- 
tion of heat (Ber. 38, 1076 : C. 1904, II. 54). The sulphur dioxide 
is driven off by heat. On the other hand, aldehydes unite with 
bisulphites to form compounds of the general formula, R-CHOH-SOaif, 
which usually crystallize well, and serve to characterize the aldehydes. 
These compounds are known as the aldehyde bisulphites. 

According to Raschig, these compounds are to be regarded as 
a-hydroxysuiphonic acids, R*CH(OH)*S 020 Na, in which the sulphur 
is directly linked to carbon (Raschig and Prahl, Ber. 59, 859, 2025 : 
Ann. 448, 265). Objection has been taken to this sulphonic acid 
formulation, largely on account of the lability of these compounds 
towards acids and alkalis, whereas the ordinary sulphonic acids are 
stable under identical conditions, and also because the )S-hydroxy- 
propanesulphonic acid obtained from propane-d)3-disulphonic acid is 
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different from “acetone bisulphite” (Ber. 59, 1695, 2341). Raschig 
has replied to this criticism of Schroeter’s that the lability of the 
sulphonic acid group is caused by the presence of an -OH group on 
the same carbon atom (Ber. 61, 179). The investigation of the X-ray 
absorption spectra of these compounds supports Raschig’s views 
(Stelling) (c/. also the observations of Bazlen, Ber. 60, 1470). 

The aldehydes also yield “ bisulphite compounds ” when treated 
with neutral sulphites, an equivalent amount of alkali being liberated. 
This can be titrated for quantitative determination of aldehydes 
(C. 1904, I. 1176, 1457) : 

R CHO + Na^SOa + H^O y R CH(OH) S08Na + NaOH. 

The aldehyde bisulphites show the following reactions : 

(1) They are easily decomposed by hydrochloric acid or alkalis, 
regenerating the aldehyde ; 

(2) They are easily transformed by aqueous solutions of alkali 
cyanides, forming aldehyde cyanhydrins or a-hydroxynitriles (Ber. 
37, 4060 : 38, 213). 

HO CH 2 SO 3 K + KCN = HOCH^CN 4- K^SOg ; 

(3) They are converted by ammonia or amines into alkylidene 
amino-sulphites (Ber. 37, 4075 : 38, 1077) : 

HO CHa SOgNa + NH3 = NKg-CHg-SOgNa -f H2O ; 

(4) When reduced by zinc dust and acetic acid, they yield alde- 
hyde sulphoxylates (Ber. 38, 1073 : C. 1905, II. 1752). According 
to Bazlen (Ber. 60, 1470) the sulphoxylates are to be regarded as salts 
of hydroxysulphinic acids, similarly to Raschig’s view of the bisulphite 
compounds. 

R CHOH SOgNa 4- 2H R CHOH SO^Xa ! H.O. 

Formaldehyde sulphoooylate, HOCH. 2 -OSONa + 2 H 2 O, withstands the action 
of alkalis better than formaldehyde bisulphite. It forms small rhombic prisms 
(C. 1905, I. 795). A finely crystallizing double compound of formaldehyde 
sulphoxylate and formaldehyde bisulphite (Bor. 38, 2290) may be prepared from 
formaldehyde and sodimn hydrosulphite, Na 2 S 204 . This body, knowai under the 
name of RoiigalUe, is of technical importance in the dye works where, in discharge 
work, the reducing action of sodium hydrosulphite is developed at a raised 
temperature and then only acts on the azo -dyestuffs, indigo, etc., without 
attacking the fibre. Rongalite can be split up into its constituent compounds 
by fractional crystallization. Sulphoxylates react with amines similarly to the 
aldehyde bisulphites. 

3. SULPHUR DERIVATIVES OF THE SATURATED ALDEHYDES 

In this class are (A) the thioaldehydes, their polymeric modifications and 
their sulphones ; (B) the mercaptals or thioacetals, with their sulphones ; and 
(C) the hydroxysulphonic and disulphonic acids of the aldehydes. 

A. Thioaldehydes, Polymeric Thioaldehydes and their Sulphones 

The simple thioaldehydes are not well known, whilst the polymeric thioalde- 
hydes are more accessible. All of them can be regarded as the alkyl derivatives of 
polymeric trithioformaldehyde (trithioinethylene) discovered by A. W, Hoftnann. 
They are formed when the aldehydes are acted on with HgS and HCl. The 
HgS adds itself to th(> C O-group of the aldeliydes, and hydroxy -hydrosulphides 
result, from which the trit hioaldehydes arise : 


CHoO- 


H.S 


. /SH 


PH 
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The trithioaldehydes are odourless solids, whereas the simple thioaldehydes 
and their mercaptan-like transposition products possess a persistent, disagreeable 
odour. 

The trithioaldehydes are oxidized by hydrogen peroxide or potassium per- 
manganate to sulphide -sulphoxides, trisulphoxides, sulphide -sulphones (J. pr. 
Chem. [2] 89, 547) and finally into trisulphones. The molecular weight of the 
trithioaldehydes has been determined both by vapour density and by the lowering 
of the freezing point of their naphthalene solution. Klinger first proposed the 
structure for the trithioaldehydes which corresponds with the formula of paralde- 
hyde and was proved correct by the oxidation of the trithioaldehydes to tri- 
sulphones. 

The isomeric phenomena of the trithioaldehydes were considered by Baumann 
and Fromm to be due to their space-configurations (Ber. 24, 1426). 

Proceeding from the same considerations, which served Baeyer in his explana- 
tion of the isomerism of the hexamethylene derivatives (see Hexahydrophthalic 
acids), they distinguished a- or cis- and or ^ran^-modifications. Cam, pa 
represents the two trithioacetaldohydes in the following way : 


H 


C 

/1\ 

H S Me S H 

1/ \l 

-S C 


I 

Me Me 

a or ci«-fonn. 


H 

I 

C 

/l\ 

H S Me S Me 

1/ \l 

c s— — c 


Me H 

or fraTW-form. 


The three alkyl groups are on the same side of the ring in the a- or ci«-form 
and on the opposite sides in the P- or tran^-iorxa. 

Only one disulphone -sulphide corresponds with the -modification, whilst 
two stereoisomeric disulphone -sulphides take the tra/w?-form. 

Trithioformaldehydes . — (x~Trithiofortnaldehyde (Trirnethylene trlsulphide ) 
(CH 2 S)a, m.p. 216°, is obtained by heating formaldehyde sodium thiosulphate 
and hydrochloric 6icid together (J. pr. Chem. [2] 77, 367). The intermediate 
formation of hydroxymethylthiosulphuric acid, HOCHg S SOgH, which then 
decomposes into the thioaldehyde and sulphuric acid, is probable (Ber. 40, 
865 : 47, 306). On heating trithioformaldehyde with methyl iodide and methyl 
alcohol, trimethylsulphonium iodide is formed (see p. 174) (C. 1906, I. 649). 
By the prolonged action of concentrated hydriudic acid, the a- compound changes 
into the isomeric P-trlthwforrnaJdrhydey m.p. 247°, which readily reverts to the 
more stable low-melting a-form (J. pr. Chem. [2], 88, 50). 

Trithioacetaldehydes. — %-Trithioacetaldehyde,, m.p. 101°, b.p. 246-247°, and 
^-trithioncckitdehyde [CHgCHSJa, m.p. 125-126°, b.p. 245-248° ; at low tempera- 
tuies the a-form predominates, but can be changed in considerable proportion 
into the )3-form by the aid of catalysts such as iodine, zinc chloride, acetyl chloride, 
hydrochloric acid, etc. (Ber. 24, 1457 ; C. 190.5, II. 1720 : compare also C. 1904, 
II. 21). 


Sulphoxides and Sulphones of the Trithioaldehydes 

These are obtained from the trithioaldehydes by oxidation with hydrogen 
peroxide or permanganate. The trisulphones, and to a loss extent, trirnethylene' 
trisulphoxide, possess an acidic character and are soluble in alkalis and alkali - 
carbonates. The hydrogen atoms in the methylene groups of trirnethylene 
trisulphone are replaceable by metals, and by treatment of the sodium derivative 
with alkyl iodides, the hexaalkyl derivatives, identical with the oxidation 
products of the trithioke tones, are formed. The stereoisomerism of the tri- 
thioaldehydcs was said to be lost in their oxidation products (Ber. 26, 2074 : 
27, 1667). However, recent work on the disulphoxide of diethylene disulphide 
shows that this substance exists in two stereoisomeric forms which can be repre- 
sented as follows, and it is suggested that further investigation of the two trime- 
thylene trisulphoxides (J. pr. Chem. [2] 85, 339 : 89, 547) may enable similar 
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oonBtitutions to be assigned to them (J.C.8. 1927 , 1798), the oxygen being 
united to sulphur by a semi -polar double bond (p. 31). 




trans. 


< c«Q PIT 

gQ^ trimethylenc disuiphone 

8ulphid€f and triethylidene triaulphonp,^ [CHaCHSOjJa m.p. 

above 340° (Ber. 25, 248). 

The two isomeric trithioacetaldehydes yield triethylidene disulphone sulphide^ 
CH..CH<|gg(CH 3 )>s. m.p. 228 - 231 ». 


Thialdine, CHg'CHc^ m.p. 43°, is produced by the action of 

NHg on a-trithioacetaldehyde (Ber. 19 , 1830), and of HjS on aldehyde-ammonia 
(Aim. 61 , 2). It yields ethanedisulphonic acid (p. 248) by oxidation. Methyl 
thialdine, (C 2 H 4 ) 8 S 2 (NCHa), m.p. 79° (Ber. 19 , 2378). 


B. Mercaptals or Thioacetals and their Sulphones 


The thioacetals, corresponding with the acetals (p. 241), are called mercaptals. 
They are formed (1) from alkyl iodides and alkali mercaptides ; (2) by the action 
of HCl on the aldehydes and mercaptans. First an addition product is formed 
such as CH 2 (OH)SC 5 Hii, which with a second mercaptan molecule loses water 
and yields a mercaptal. It is possible, therefore, to prepare mercaptals con- 
taining two different alkyl groups (Ber. 36, 296). They are oils with very 
unpleasant odours, and are oxidized by BiMnO^ to sulphones. 


nxT 


40 


pTT 


5 


b.p. about 180°. Ethylidenc 
b.p. 186°. Propylidene diethyl 


Methylene diethyl mercaptal, CH 2 (SC 2 H 6 ) 2 , 
diethyl mercaptal, Dithioacetal, CH 3 CH(SC 2 H 6 ) 2 , 
mercaptal, CHaCHaCH(SC 2 H 6 ) 2 , b.p. 198°. 

In the sulphones of the mercaptals the methylene hydrogen (see above) is 
replaceable by alkali metals. Mono- and dialky lated sulphones can be prepared 
from these alkali derivatives. Again, the dialkylated sulphones may be obtained 
from the mercaptoles (p. 267) ; sulphonal belongs to this class. 

Methylene diethyl sulphone, CH2(S02C2H6)2, m.p. 104°, is readily soluble in 
water and in alcohol. It is formed in the oxidation of orthothioformic ethyl ester 
It condenses with formaldehyde, forming methylene dimethenyl tetra- 
ethyl sulphone (Ber. 33, 1120). Methylene ethyl phenyl disulphone, CH2(S02C2H5)- 
(SOgCeHa), m.p. 111° (Ber. 36, 300). Ethylidene diethyl sulphone, CHgCH- 
(SOjCaHj) , m.p. 75°, b.p. 320° with decomposition. 


C. Hydroxysulphonic Acids and Disulphonic Acids of the 

Aldehydes 

Hydroxymethanesulphonic acid, CH 2 ( 0 H)S 03 H, is formed together with 
hydroxymethanedisulphonic acid, CH(OH)(SOaH) 2 , and methanetrisulphonic 
acid, CH(S08H)8, by the action of fuming sulphuric acid on methyl alcohol 
and subsequent boiling of the product with water. Boiling acids or alkadis have 
no effect on it (comp. p. 245). 

Methionic acid, Methanedisulphonic acid, CH2(S08H)2, has long been known. 
It is produced when fuming sulphuric acid acts on aceteunide, fwjetonitrile, laetic 
acid, etc. It is most conveniently made by saturating fuming sulphuric acid 
with acetylene, but acetaldehyde disulphonic acid, CH0*CH(S08H)2 is also largely 
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formed. This latter acid can be completely decomposed by alkalis into formic 
and methionic acids : 

0(SO,H), H,0 

CH : CH ochch(so 3H2) > no fin + cHaCsOaH)^ 

Acetylene. Acetaldehyde Formic Methionic 

disulphonic acid. acid. acid. 

Methionic aeid crystallizes in deliquescent needles, which are not decomposed 
by boiling nitric acid. Barium salt^ CH2(S03)2Ba + 2H2O, forms pearly leaflets 
dissohdng with difficulty. 

Methionic methyl eMcr^ CHg(S03CH3)2, m.p. 70*^, b.p. 194-200''/lfl mm. : 
ethyl ester, m.p. 29"', result from the action of silver methionate on alkyl iodides : 
easily hydrolysed by water. The esters are good alkylating agents. For addi- 
tional salts and esters, see Ann. 418 , 191, 196. 

Meihionyl chloride, CH2(S02C1)2, b-p- 135°/10 mm., D.j^ = 1-82, is formed 
from methionic acid and phosphorus pentachloride. It reacts energetically with 
water or alcohol, regenerating methionic acid. With amines, especially those 
of the aromatic series, it forms amides. 

Methionic anilide, CH2(S02NHC3H5)2, m.p. 19.3°, yields well-crystallizable or 
insoluble salts : CH2(S02NAfC3H5)2. Methionic diethylanilide, CH2(S02N[C2H5]- 
C3H3)2, m.p. 113°. 

The esters, still better the dialkyl amides of methionic acid, react with 
potassium and sodium, evolving hydrogen and forming salts, KCH(S03R)2 and 
NaCH(S02NR2)2 which readily undergo transformation with alkyl halides, 
acyl halides and carboxylic esters. As a result, homologues of methionic acid can 
be formed in the same way as malonic ester is caused to yield its homologues 
{G. SchroeUr, Ann. 418 , 161 : Her. 59 , 2341) 

C.HsI 

NaCH(S02NR2)2 C2H5CH(S02NR2)2 C2H6CH(S03H)2 

Ethyl methionic acid. 

CH,CNa(S02NR2)2 ^ ^ ^ (rH®>C(S03H)2 

Methyl ethyl 
methionic acid. 

Ethane -aa- disulphonic acid. Methyl methionic acid, CHgCH (SO 311)2 is 
also formed from thialdine (p. 247) by oxidation with permanganate (Her. 12, 
682 : 21, 1550). 


4. NITROGEN-CONTAINING DERIVATIVES OF THE 
ALDEHYDES 

A. Compounds derived from Ammonia and Alkylamines 
with Aldehydes 

Ammonia combines directly with acetaldehyde and its higher 
homologues, forming alddiyde-amnwnias ” or a-amino alcohols. 

RCHO + NH3 RCH{0H)NH2. 

The aldehyde ammonias can be dehydrated to form aldimines, 
R-CH : NH. With formaldehyde, on the other hand, it forms the 
compound hexamethylene tetramine, (CH2)6N4, with elimination of 
water. 

Hexamethylenetetramine, {H examine, Urotropine) is very much used in 
medicine as a urinary antiseptic. The antiseptic property is due to its hydro- 
lysis, with formation of formaldehyde, in acid urine. It forms soluble com- 
pounds with uric acid, but is of little value in the treatment of gout. 

It is very soluble in water, and crystallizes from alcohol in brilliant rhombo- 
hedra. It sublimes without decomposition imder reduced pressure. It is 
resolved into CHjO and ammonia when distilled with sulphuric acid. It is a 
monacid base, but shows no reaction with litmus (Ber. 22, 1929). Efforts have 
been made to ascertain its molecuku: weight by the analysis of its salts, by an 
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approximation of its vapour density, and by the lowering of the«freezing point 
of its aqueous solution (Ber. 19 , 1842 : 21 , 1570). Nitrous acid first converts 
hexamethylenetetramine into dinitrosopentamethylenetetramine, and this then 
into trinitrosotrimethylenotri amine. When it is considered that trimethylene- 
trimethyltriamine is formed by the interaction of rnethylamine and formaldehyde, 
it is obvious that the reaction must cease at this point, because the imide-hydrogen 
atoms have been replaced by methyl groups. Ammonia and formaldehyde yield 
at first trimethylene triamine, corresponding with trimethylenetrimethyltriamine, 
which reacts with, further, ammonia and formaldehyde, splits off water and becomes 
pentamethylenetetramine. The latter is converted by formaldehyde into hexa- 
methylenetetramine. The following constitutional formulsB aim to represent 
this behaviour (comp. Dudeii and Scharff, Ann. 288, 218 : see also C. 1898, 1. 36) : 



Trimethylene triamine. Pentamethylene tetramine. Hexamethylene tetramine. 


Hexainethylene tetramine forirus addition compounds with bromine, iodine, 
iodoalkyls and iodine, mercuric iodide and iodine, chloral and bromal (C. 1898, 
II. 663 : 1900, I. 409) : 

(CH2)eN4l4, (CH2)eN4l2-CH3l, (CH2)eN4l2-2Hgl2, (CH2)6N4CCl3CHO + 2 H 2 O. 

When heated with hydrochloric or acetic acid urotropine is decomposed 
respectively into formaldehyde and ammonia or into mothylamine and COg (C. 
1906, I. 1088). Compare the formation of trimethylamine by heating formalde- 
hyde with ammonium salts (p. 189). 

Hydrogen peroxide reacts with hexamine in neutral solution to form the 
double compound, (CH 2 ) 6 N 4 , H 2 O 2 , but in acid .solution forms hexaoxymethylene- 
diamine (p. 241), which can also be produced by the action of ammonia on 
formaldehyde peroxide (Ber. 45 , 2571). 

Aldehyde -ammonia, CH 3 CH(OH)NH 2 , m.p. 70-80'’, is produced when dry 
ammonia gas is conducted into an ethereal solution of aldehyde, and consists of 
brilliant rhombohedra, dissolving readily in water. Acids resolve it into its 
components (p. 231) : 

NH, I1,S04 

CHg-CHO CH 3 CH( 0 H)NH 2 CH 3 CHO + NH 4 H SO 4 . 

When kept for a long time in vacuo over sulphuric acid, the original crystals 
gradually change into gleaming white ones of ethylidenimine, (CH3CH=NH)8, 
m.p. 85°, b.p. 123°. The picratc, recrystallized from alcohol, has the formula 
(C2H6N)3 C6H2(N02)30H + CaHgOH (C. 1899, I. 420). 

In contact with water it passes into amorphous hydracetarnide, 

Sodium nitrite, added to a slightly acidified solution of aldehyde -ammonia, 
produces nitrosoparaldimine^ CflHj202(N-N0), which by reduction yields amino- 
paraldimine, CflHi 202 (N-NH 2 ), and this in turn, by the action of dilute sulphuric 
acid, splits off hydrazine, NHa'NHg (Ber. 23, 740). Paraldimine should be viewed 
as paraldehyde in which an oxygen atom has been replaced by the imino -group. 
Hydrogen sulphide changes aldehyde -ammonia to thialdine (p. 247), whilst with 
hydrocyanic acid it becomes the nitrile of a-aminopropionic acid {q.v.). A 
remarkable reaction occurs when aldehyde -ammonia acts on acetoacetic ester, 
resulting in the formation of 1,3,5-trimethyldihvdropvridinedicarboxylic ester 
(Vol. II). 

Hexaethylidenetetramine, (0H3CH)3N4, m.p. 102°, with OHoO, m.p. 96°, is 
obtained by heating aldehyde-ammonia with aqueous ammonia to 150° (C. 1900, 
1. 901). 

Chloral -ammonia, CC1 ,CH<^qjj*, m.p. 63°. 
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For the chloralimides, (CCls-CH : NH)8, and dehydrochloralimides, 
C8H4CI8NS, consult Ber. 25 , R. 794 ; 24 , R. 628. The isomerism of the former 
is very probably dependent upon the same causes as that of the polymeric 
thioaldehydes (p. 245). 

Aldehyde bisulphites react with ammonia or alkylamines to form certain 
compounds, which can also be obtained from the aldimines and sodium bisulphite 
(Ber. 37 , 4087 : 38 , 1077). These were formerly regarded as sulphurous esters 
of the aldehyde ammonias, but on the analogy of the aldehyde bisulphites (see 
p. 244) are probably to bo regarded as a-aminosulphonic acids. 

Aminomethanesulphonic acid, NHg'CHj'SOgH, forms crystals sparingly 
soluble in cold water. Sodium diethylan^omethanesulphonate, NKtjj CHj- 
SOgNa, gives tetrasthylmethylenediamine on warming with hydrochloric acid 
or sodium hydroxide, and diethylaminomethyl acetate^ NEta*CH2*0‘C0CHa, 
b.p. 81°/14 mm., with acetic anhydride. With aqueous potassium cyanide, it 
forms dicthylaminoaceto7iitrile, NEtj'CHj'CH. 


Compounds from Aldehydes and Alkylamines 

The following bodies are produced when primary amines act on formalde- 
hyde (Ber. 28, R. 233, 381, 924 : 29, 2110): 

Methybnethyleneamme^ [CHj^N'CHjJa, b.p. 166° ; Djg., — 0-9215. 

Ethylmethyleneamine^ [CH2 = N*C2H5]8, b.p. 207° ; I^ig .7 — 0-8923. 

n- Propyl methyleneamine, [CH2 = N*C8H7]8, b.p. 248° ; Djg ? — 0-880. 

The hydroiodides of methyl and ethylmethyleneamines are converted by 
heat into isomeric salts possessing the characteristics of quaternary ammonium 
salts, as is perhaps represented by the following formulae (Ann. 334, 210) : 

[(CH2)8(NR)3]HI and [(CH2)s(N3R2H)]RI. 

By the use of aldehydes of higher molecular weight, the tendency to poly- 
merization on the part of the reaction products of primary amines and aldehydes 
diminishes and '' bases ” are formed. 

Methylisohutylideneamine, (CH8)8CH*CH = N-CH3, b.p. 68°. 

Tetramethylmethylenediamine, t>.p. 85°, is obtained from 

formaldehyde and dimethylamine (Ber. 26, R. 934 : Ber. 36, 1196). 

B. Aldoximes, R' CH=N OH (V. Meyer, 1863) 

The aldoximes are formed when hydroxylamine, in the form of 
an aqueous solution of hydroxylamine hydrochloride (1 mol.), mixed 
with an equivalent quantity of sodium hydroxide (| mol.), acts in 
the cold on aldehydes. At first there is very evidently formed an 
unstable addition product, corresponding with aldehyde-ammonia, 
which in the case of chloral may be obtained in stable form, but 
which passes readily into the oxime : 

R-CHO + NH2OH ^ (R-CH(OH)-NHOH) R CH : NOH + HgO 

Cannot usually Aldoxiine. 

be isolated. 

Aldoximes can also be obtained from primary amines by oxidation 
with permonosulphuric acid, HgSOg (Ber. 35, 4293), by reduction of 
a^-nitroolefines (p. 182) with zinc and acetic acid (C. 1903, II. 553) : 

CH8-CH2NH2 CHgCH : NOH 

(CH3)2C : CHNOj (CH3)2CH-CH : NOH 

The aldoximes are colourless liquids which boil without decom- 
position. The first members of the series dissolve readily in water. 
When boiled with acids they are again changed to aldehyde and 
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hydroxylamine. By the action of anhydrides or acid chlorides the 
aldoximes are converted into nitriles : 


CH,CH : NOH + (CH,C0),0 = CH,C : N + 2 CH 3 COJH. 

Acotoxlme. Acetonitrile. 


The oximes and hydrazones (p. 252), like the aldehydes, take up hydro- 
cyanic acid ; the products are aminoxyl- or hydrazino -nitriles (Ber. 29, 62). 
By the direct action of alkyl halides on aldoximes and ketoximes only alkyl- 

< NR' and 
I 

O 

/NR' 

(C. 1901, I. 1147). 


Formaldoxime, CH 2 = N*OH, b.p. 84^, passes spontaneously into polymeric 
triformoxime.y (Ber. 29, R. 658). Formoxime yields 

hydrocyanic acid when it is boiled with water (Ber. 28, R. 233 : C. 1898, II. 18). 

Acetald oxime, CHg-CH : NOH, m.p. 47°, b.p. 115°, also exists in a second 
modification, m.p. 12°, which readily reverts to the first form (Ber. 26, R. 610 : 
27, 416 : 40, 1677 : C. 1898, II. 178). Chlorine in hydrochloric acid solution 
converts it into chloronitrosoethane, CHaCHClNO (p. 183), which easily becomes 
rearranged into CHgCCl : NOH. 

Chloral hydroxylamine, CCl 8 CH(OH)NH(OH), m.p. 98° (Ber. 25, 702), 
even upon standing in the air, becomes converted into ChZoraloxime, CCl 3 CH = 
NOH, m.p. 39-40°. 

Propionaldoximcy C 2 H 5 *CH=N‘OH, b.p. 130-132°. isoButyraldoximey 
(CH 3 ) 2 CH-CH = N0H, b.p. 139°. iBoValeraldoximey (CH 8 ) 2 CH-CH 2 -CH=NOH, 
b.p. 164-165°. (Enanthaldoximey CH 8 (CH 2 ) 6 CH : NOH, m.p. 55*5°, b.p. 195°. 
Myristin aldoximc, m.p. 82° (Ber. 26, 2858). 

The aldoximes of the fatty series resemble the aromatic ^j/n- aldoximes in 
their behaviour (Bor. 28, 2019). 


C. Diazoparaffins, R CHN2 

The diazoparaflSns, containing the group : CNg, were discovered 
by Pechmann (1894) to be produced by the action of alkalis on 
nitrosamines. Diazomethane has been most completely investigated. 

The structure of the : CN 2 group might be represented either by 

/N 

a ring formula or an open chain formula : C : N : N. In modern 

formulation this may be represented as containing a semipolar double 
bond, i.e. as < — N : N or : N nt N. The physical proper- 

ties of the compounds (parachor (Ber. 63, 702) : comparison of b.p. 
with that of the corresponding halogen and nitro compounds (J.C.S. 
1929 , 1108)) are on the whole in better agreement with the ring 
structure than with a formula containing a co-ordinate linkage, 
though on account of the existence of optically active diazosuccinic 
ester (J. Biol. Chem. 55 , 795) which is not compatible with the ring 
formula, an equilibrium is suggested between the open chain and ring 
forms (Ber. 63, 702). Stronger evidence of stereoisomerism at the 
carbon atom linked to a diazo group has been afforded by a study 
of the diazo compounds obtained from methyl cis,- and trans~&m\no~ 
camphonanates, and the semipolar representation RR'C^ — N=N, is 
suggested for the open chain form (J.A.C.S. 52 , 3(X)4). 

Diazomethane, CHjNj. — Diazornethane is most readily prepared by the 
action of alkalis on an ethereal solution of nitrosomethylurethane, pota^ium 



262 ORGANIC CHEMISTRY 

methyidiazotat-e being an intermediate product, which with water yields diazo- 
methane : 

CH3 N(NO) C02Et ^ CHs-N : N OK > CH^N^. 

It is also readily prepared from hydrazine by the aclion of chloroform and 
alkalis (Ber. 45, 501). 

NHg NHj + CHCI3 + 3KOH > CH^Na + 3KC1 + 

Other methods for its preparation are the action of methyldichloroamine on 
hydroxylarnine (Ber. 28, 1682) and the decomposition of sodium methyh’so- 
diazotate. 

It is at ordinary temperature a yellow, odourless, poisonous gas, which 
attacks the skin, eyes and lungs. It can be condensed to a deep yellow mobile 
liquid, which boils at — 23° and freezes to a crystalline mass at — 145°. Both 
as liquid -and gas, diazomethane is violently explosive. 

It is an extraordinarily reactive compound : its reactions fall into two main 
groups, (1) where a methyl group is introduced into a compound, with elimination 
of nitrogen, and (2) the reactions in which the nitrogen forms part of the resulting 
compound. 

Water yields methyl alcohol : acids, organic and inorganic, are converted into 
their methyl esters, phenols into phenol ethers and aromatic amines into methyl- 
ated amines (e.g. hydrochloric acid yields methyl chloride, phenol anisole and 
toluidine, methyltoluidine). Aldehydes are converted by diazomethane into 
methyl alkyl ketones (Ber. 42, 2559). Dihydrooxodiazoles (see Vol. II) are 
probably formed as intermediate compounds. In the case of some aldehydes, 
particularly those with negative substituents such as chloral and o-nitrobenzaldo- 
hyde, ethylene oxide derivatives, formed by addition at the C : O linkage, are the 
main products (Z. angew. Chem. 40, 1099). 

With iodine it forms methylene iodide : when a mixture of CO and diazo - 
methane, diluted with ether, is passed through quartz tubes at 400-500°, small 
quantities of keten, CH2 : CO, are produced. For dissociation of diazomethane 
into (CH2)« and nitrogen, see Ber. 33, 956. 

Among the reactions in which the nitrogen is retained may be mentioned its 
addition to acetylene and ethylene, forming respectively pyrazole and pyrazoline 
(C. 1905, II. 1236), to methyl fumarate yielding the ester of pyrazolinedi- 
carboxyhc acid (Ber. 28, lt)24, 2377 : 31, 2950) and to various cyanogen deriva- 
tives forming osotriazole derivatives (Atti. R. Accad. Lincei. [5] 16, II. 237, 
412 : Gazzetta, 40, I, 120). 

For the reaction with quinone, see Ber. 32, 2292. 

Reaction ■with Grignard Reagents, Monatsh. 34, 1631. 

Diazoethane. See Ber. 31, 2643. 

D. Hydrazones and Azines 

By the interaction of an aldehyde and hydrazine, either one or 
two molecules of aldehyde might react with one molecule of hydra- 
zine, the product in the first case being the hydrazone R CH : NH-NH. 
and in the second the azine R CH : NH-NH : CH R. Aliphatic repre- 
sentatives of the aldehyde hydrazones are not known, the azine always 
being produced. 

The products of reaction between the aldehydes and substituted 
hydrazines, particularly phenylhydrazine, C 6 H 5 -NH NH 2 (see Vol. 11), 
and its derivatives are much more important. The phenylhydrazones 
are obtained by reaction between the aldehyde and phenylhydrazine 
in alcoholic or acetic acid solution (Fischer, Ann. 190, 134 : 236, 137) : 

R CHO -f > R CH : N NH CeHg + HgO. 

Many substitution products of phenylhydrazine such as p-nitro- 
phenylhydrazine are much used for the isolation and characterization 
of aldehydes, as their compounds are less soluble and more easily 
crystallized. 
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Aldazines. — Acetaldazine^ CHa'CH : N*N : C'CHg, forms a .colourless oil 
readily soluble in water, b.p. 95" (J. pr. Chem. [2], 58, 325). Propionaldazine, 
b.p. 145". iso Butyraldazincy b.p. 164". 

By adding to acetaldehyde a solution of hydrazine hydrate in a small amount 
of alcohol, aldehyde -hy dr aziney CH 3 -CH(OH)*NHNH 2 , HgO, colourless crystals, 
m.p. 60°, is formed. This corresponds to aldehyde-ammonia (Ber. 44, 1134). 

From formaldehyde and hydrazine hydrate the two compounds Jormalaziney 
CHg : N-N : CH.^, an amorphous powder insoluble in water, and the hydrazoney 
(CHg : N-NH 2 ) 2 » a powder soluble in water, are formed under appropriate 
conditions. The latter gives with silver nitrate an addition compound, 
(CH 2 : N-NH2)3-2AgN08. (Ber. 26, 2360 : 40, 1505). 

Phenylhydrazones. — Acetaldehyde phenylhydrazoney CHa-CH : N-NH-CeH 5 , 
b.p. 140°/20 mm. ; a-form, m.p. 98-101" ; jS-form, m.p. 75", forms a white crys- 
talline mass which is very sensitive towards acids. When recrystallized from 
75 per cent, alkaline alcohol the a-modification is obtained ; if it is recrystallized 
from 75 per cent, alcohol containing SO 2 the labile jS-modification is deposited, 
which gradually changes into the a-form. The two modifications are stereo- 
isomers (p. 41) (Ann. 342, 15). Structurally isomeric with this compound is 
benzeneazoethane, CgHaN : N-CHgCHa (Vol. II), which is transformed into 
acetaldehyde hydrazone by solution in cold concentrated sulphuric acid (Ber. 
29, 793). Aldehyde precipitates a compoutuly CH3*CHO-2(C6H5NHNH2), m.p. 
77*5", from the solution of phenylhydrazine bitartrate (Ber. 29, R. 596). 

Propionaldehyde phenylhydrazoney CHa-CHg-CH^NgCeHg, b.p. 205°/180 mm. 

These hydrazones take up hydrocyanic acid and pass into the nitriles of 
hydrazino -acids (Ber. 25, 2020). 

Formaldehyde differs from the higher homologues in that with phenylhydra- 
zine it yields trimethylene diphenylhydrazine y (CeH 6 N 2 ) 2 (CH 2 ) 8 , b.p. 183-184° 
(Ber. 29, 1473 : K. 777). 

2B. OLEFINE ALDEHYDES, CnHan-rCHO 

The unsatiirated aldehydes, having a double carbon bond, bear 
the same relation to the olefine alcohols (p. 150) that the saturated 
aldehydes sustain to their corresponding alcohols. Their aldehyde 
group shows the same reactive power as the group in the ordinary 
aldehydes, but the presence of the unsaturated residue, CnHa/t-i, 
gives rise to addition-reactions similar to those shown by the olefines. 
a/S-Olefine aldehydes result from the following special methods : 

(1) By the condensation of aldehydes of the formula RCHg’CHO 
by zinc chloride, hydrochloric acid, etc., during which water is spht 
off from the aldol first formed. 

2 CH 3 CHO > CH 3 CHOH CH 2 CHO ^ CH 3 CH : CHCHO 

Acetaldehyde. Aldol. (>otonaldehyde. 

(2) From glycerol and from the dialkyl ethers of homologous 
glycerols, by heating with anhydrous oxalic acid, accompanied by 
the expulsion of water or alcohol, similarly to the formation of paraffin 
aldehydes from ethylene glycol ethers (p. 227 ; Ann. Chim. Phys. [8] 
9, 560) : 

—CalhOU — C,H,OH 

C 2 H 6 OCH 2 CKOH C 2 H 3 OCH 3 CHR ► CH 2 = CR 

I I I 

CH 2 OC 2 H 5 CHO CHO 

Acrolein (Acraldehyde)y CHg : CH-CHO (see Ann. Chim. [9] 15, 
160 et seqq.). Acrolein is prepared by the distillation of glycerol with 
potassium bisulphate (Ber. 20, 3388 : Ann. Suppl. 3, 180 : C. 1900, 
1. 962 : Ber. 35, 1137 : Compt. rend. 151, 530), boric acid (Ber. 32, 
1352), phosphoric acid (J. pr. Chem. [2] 79, 351), magnesium sulphate 
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(Ber. 45 , 2046), and other dehydrating agents, and by passing an- 
hydi’ous glycerol over heated alumina. It is also formed when fats 
are distilled. 

CH 2 OH CHOH CHC) CHO 

— H,0 •• • — U,0 I 

CHOH CH CH 2 CH 

II 

CHgOH CH 2 OH CH 2 OH CH 2 

Acrolein is a colourless mobile liquid, b.p. 52"', m.p. — 87°, Dgo 
0-8410. It has an intolerable suffocating odour. It rapidly poly- 
merizes to disacryl. It is soluble in 2-3 parts of water and reduces 
an ammoniacal silver solution with formation of a silver mirror. It 
oxidizes in the air to acrylic acid. Nascent hydrogen reduces it to 
allyl alcohol : it can, however, be reduced catalyticaUy in the pres- 
ence of nickel to propionic aldehyde and propyl alcohol (Ann. Chim. 
Phys. [8] 4 , 399 : Ann. Chim. [9] 15 , 203). 

It reacts with sodium bisulphite with the formation of the compound 
NaS 08 -CHg-CH 2 -CH( 0 H) S0aNa from which the aldehyde cannot be regenerated 
(Ber. 6, 1445 : Ann. 233 , 36). When heated for a long time with alcohol, it 
forms j3-ethoxypropionaldehyde acetal, EtO-CH 2 -CH 2 ‘CH(OEt )2 (Ber. 31 , 1014). 
Both these reactions demonstrate the heightened reactivity of the ethylene 
linkage in the proximity of the : CO group. 

Phosphorus pentachloride converts acroleiii into dichloropropyle^ie, CHg 
CH-CHClj, b.p. 84°. With hydrochloric acid it yields p-chloropropionaldehyde 
(p. 240). With bromine it yields a dihromide, CHg-Br-CHBr-CHO, which becomes 
converted into glyceric aldehyde when heated with water, and into a/S-dibromo- 
propionic acid upon oxidation with nitric acid. Barium hydroxide solution 
converts it into a-acrosc or dl-fructose {q.v.) (Ber. 20 , 3388). 

Wlien kept for some length of time, acrolein passes into an amorphous, white 
mass {disacryl). On warming the HCl compomid of acrolein (see above) with 
alkalis or potassium carbonate metacroleiJiy m.p. 45°, is obtained. The vapour 
density of this agrees with the formula (C 8 H 40 ) 3 . 

Ammonia changes acrolein into acrolevn-aminoniay 2 C 3 H 4 O + NH 3 = 
CjHjNO -f H 2 O. This is a yellowish mass which on drying becomes brown, 
and forms amorphous salts with acids. It yields picolinc^ C 6 H 4 N-CH 3 (g.t^.), when 
distilled. Hydrazine changes acrolein to pyrazoline, and phenylhydrazine 
converts it into l-phenylpyrazolino (Ber. 28 , R. 69). 

Acrolein acetal, CH 2 : CH*CH(OC 2 H 6 ) 2 » b.p. 123°, is formed by the action of 
powdered potassium hydroxide on chloropropionaldehyde acetal, which is pre- 
pared from acrolein by means of alcohol and hydrochloric acid (Bor. 31 , 1797) (see 
also glyceraldehyde). 

Crotonaldehyde, CHa CH : CH-CHO, b.p. 104°, D = 1 033 {KekuU, Ann. 
162 , 91), is obtained from aldol, formed by the condensation of acetaldehyde 
(p. 390) by heating it with dilute hydrochloric acid, with water and zinc chloride, 
or with a sodium acetate solution, to 100° (Ber. 14 , 514 : 25 , R. 732). It is 
most readily prepared by introducing paraldehyde into cooled concentrated 
sulphuric acid (Compt. rend. 147 , 1316). 

Crotonaldehyde is a liquid with an irritating odour ; it becomes oxidized by 
the air to crotonic acid, and it reduces silver oxide (Ber. 29 , R. 290). It com- 
bines with hydrochloric acid to form P-chlorobutyraldehyde (p. 240) ; on standing 
with hydrochloric acid it unites with water and re-forms aldol. Iron and acetic 
acid reduce it to crotonyl alcohol, butyraldehyde and butyl alcohol. It can be 
hydrogenated catalyticaUy in the presence of platinum, copper or nickel with 
the formation of butyraldehyde and butyl alcohol (Bull. Soc. Chim. [4], 7, 23 : 
9 , 922 : Brit. Chem. Abst. 1926, B. 108). 

When the alcoholic solution of acetaldehyde -ammonia is heated to 120°, 
crotonal’ammonia, oxytetraldine, CsHjgNO, is produced. It is a brown, amor- 
phous mass. When heated it breaks up into water and collidine, C 5 H 2 N(CH 8 ) 8 , 
a pyridine derivative (Vol. II). 
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Tiglic aldehyde, OnaioU CH8CH=C(CH8)‘CHO, b.p. 116", maybe obtained 
by the distillation of guaiacol resin, and by the condensation of acetaldehyde and 
propaldehyde. 

^ct-Oi-Methylpcntenaldehyde, tnethylethylacrolein, CgHj-CH : C(CH 3 )*CHO, b.p. 
137°, is produced by the condensation of propionaldehyde (p. 238). 

OL‘Propylacrolein, b.p. 117°, mobutylacrolein, b.p. 133°, and amylacrolein^ 
b.p. 69°/13 mm., CHg : CR-CHO, are prepared from the respective glycerol 
ethers (method of formation 2, p. 253). 

Act~Hexenaldehyde, CH 8 (CH 2 ) 2 CH : CH*CHO, b.p. 47°/17 mm., is a character- 
istic component of the oil derived from green leaves (Ann. 390 , 89 : 404 , 93). 

Citronellal and its isomer rhodinal are olefine aldehydes and geranial or citral 
belongs to the class of diolefine aldehydes. These will be considered imder the 
olefine terpenes (Vol. II). 


2C. ACETYLENE ALDEHYDES, CnH2n-3 CHO 

Propiolaldehyde. — Propargylic aldehyde^ CH i C CHO, b.p. 59°, is produced 
when the acetal, CH • C*CH(OC 2 H 5 ) 2 , b.p. 140°, formed from dibromacrolein 
acetal and alcoholic potassium hydroxide, is boiled with dilute sulphuric acid. 
It is a very mobile liquid, which provokes tears. Its silver salt is very explosive. 
Sodium hydroxide at the ordinary temperature decomposes propargylic aldehyde 
instantly into acetylene and sodium formate : CH i C-CHO -f NaOH = CH • CH 
+ NaO-CHO {Claisen, Her. 31 , 1021). 

Tetrolaldehyde, methylpropiolaldehyde, CHg-CH i CH-CHO, b.p. 107°, is 
obtained from crotonaldehyde dibromide by a similar reaction. Alkalis decom- 
pose it into allylene and allyl formate. Oxime, m.p. 103° : hydrazone, b.p. 64° 
(Ber. 44 , 1162 : Ann. Chim. Phys. [ 8 ] 28 , 433). 

Homologous acetylenic aldehydes or their acetals are obtained from the sodium 
derivatives or magnesium halide derivatives of acetylene by their reaction with 
formic or orthoformic esters (C. 1904, II. 187). 

RC sCNa + HCOOCjHj >- RC=C— >-RC~CCHO. 

RC=CMgH- HCiOCjHj), ► RC=C-CH(OCjH 5 )j ►RC^C-CHO. 

Amylpropiolic aldehyde, CgHuC^CCHO, b.p. 89°/26 mm., acetal, b.p. 
110°/11 mm. and hexylpropriolic aldehyde, CeHjaC =^C-CHO, b.p. 91°/13mm., 
acetal, b.p. 127°/12 mm., are prepared in this way from cenanthylidene and 
caprylidene, respectively. 

The oximes and hydrazones of these acetylenic aldehydes are very easily 
isomerized, particularly by alkaline reagents, to isoxazole and pyrazole deriv- 
atives. 

CHg C : C CH : NOH CHg C^CH 

0 < I 

N=CH 

5-Methyl isoxazole. 

CH 3 C : C CH : N-NHa CHa C^CH 

HN< I 
N=CH 
5-Methyl pyrazole. 

The propargylaldehyde derivatives are so easily isomerized that the oxime 
and hydrazone cannot be isolated (Ber. 36 , 3665 : C. 1904, II. 187). 

3A. SATURATED KETONES, CnH2nO 

The great similarity between the aldehydes and ketones finds 
expression in their most important methods of formation and in their 
reactions. Two different kinds of ketones are known : 

1. Simple ketones, containing two similar alkyl groups. 

2. Mixed ketones, having two different alkyl groups. 
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Methods of Formation 

(1) Oxidation of secondary alcohols, whereby the =CH OH-group 
is converted into the =CO-group (p. 224). 

(2) By hydrolysis of such derivatives as oximes, hydrazones, semi- 
carbazones, grew -dihalogen compounds, etc., just as aldehydes are 
obtained from their corresponding derivatives. 

(3) By the isomerization of di- tertiary and secondary- tertiary aj3- 
glycols under the influence of hydrochloric or sulphuric acid, with 
loss of water, exactly as glycols containing a primary alcohol group 
are changed into aldehydes. 

R2C(0H) CHR' 0H > RgCH CO R' -f H^O. 

The change of di-tertiary glycols, known as pinacols or pinacones, 
into ketones or pinacolins is accompanied by the migration of an 
alkyl group. The simplest of the di-tertiary glycols is tetramethyl- 
ethylene glycol, or pinacone, from which the abstraction of water 
should produce tetramethylethylene oxide. Instead, this substance 
becomes rearranged internally to form the simplest pinacolin, methyl 

-butyl ketone : 

(CH3),C(0H) /(CHal^Cx X 

I ( I >0 ) ^ (CH3)3C C0 CH3. 

(CH3)2C{0H) \(CH3)3C/ / 

Tetramethylethylene glycol. Methyl hY^•butyl ketone : Pinacolin. 

Pina cone. 

Definite intermediate products such as ethylene oxides cannot be 
isolated in the pinacolin transformation, so that the reaction would 
appear to be a true intramolecular migration (Ann. 396, 200). (Dis- 
cussion of mechanism of pinacol -pinacolin rearrangement, with litera- 
ture, see Annual Reports, 1930, 27, 114.) 

(4) From the sodium salts of the secondary nitroparaffins by 
treatment with acids (Ann. 280, 267). (Compare method 8 for the 
preparation of aldehydes.) 

2(CH3)2C : NOONa + 2HC1 ^(Clla^gCO + NgO + 2NaCl + H^O. 

The secondary nitroparaffins can also be converted into ketones 
by reducing them with stannous chloride and strong hydrochloric 
acid, whereby ketoximes are produced and can be hydrolysed to the 
ketone (C. 1899, I. 597), or by oxidation in alkaline solution with 
potassium permanganate (C. 1914, I. 757). 

(5) By hydrolysis of the ethers of a/9-olefine alcohols (p. 158) ; 
(C. 1904, I. 719) : 

dilute 

C3HiiC{OCH3) : CH2 > C5H11COCH3 + CH3OH. 

H,S04 

Nucleus-synthetic Methods of Formation. — (6) By the distillation of 
calcium or barium acetates and their higher homologues. Such a 
salt, when heated alone, yields a simple ketone, but a mixture of 
equimolecular quantities of the salts of two acids results in the 
formation of mixed ketones (p. 225). 

In the formation of ketones with high molecular weight it is best 
to carry out the distillation under diminished pressure. Some normal 
fatty acids yield ketones on treatment with PgOs (Ber. 26, R. 495). 
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It has been recommended to distil the acids with calcium carbide 
(Ber. 39, 1703). 

The very smooth formation of ketones by leading the vapours of 
fatty acids over heated alumina, manganous oxide, calcium carbonate, 
etc., depends on a similar breakdown of the momentarily-formed fatty 
acid salts (Ann. Chim. Phys. [8] 28, 243 ; Compt. rend. 156, 1730 : 
158, 830). Ketones of high molecular weight are also formed by 
distilling the higher fatty acids with iron filings (J.C.S. 99, 2298). 

(7) By the electrolysis of a mixture of the potassium salts of a 
keto- carboxylic and a fatty acid : 

CHaCOjCOaK CH3CO 

► I 

CHaCO^K CHa 


CHaCOCHaCHj 

CH, 


CO,K 


CHaCOCHaCHa 

-> I 

CHa 


(8) By the action of the zinc alkyls on the acid chlorides {Freuna, 
1860). 


The reaction is similar to that occurring in the formation of the tertiary 
alcohols (p. 132). At first the same intermediate product is produced (Ann. 175 , 
361 ; 188 , 104) : 

CHaV /OZnCHa 
CH3-C<f + Zn(CH3)a - >C< 

\C1 CH3/ \C1 

which (with a second molecule of the acid chloride) afterwards yields the ketone 
and zinc chloride : 

CHsx /OZnCHa 

>C< + CHa-COCl = 2CH3-CO-CH3 -f ZnCl^. 

CH3/ \ci 

In many cases, especially in the preparation of the ordinary pinacolin from 
trimethylacetyl chloride and zinc methyl, it is preferable to decompose imme- 
diately the addition product of zinc methyl and acid chloride with water, when 
the zinc hydroxide will be converted by the hydrochloric acid into zinc chloride : 

CHaX /OZnCHa 

4- 2 H 2 O = CHa'CO'CHa -f Zn(OH)a -f HCl + CH^. 

GHj/ \C1 


(9) By the action of alkyl magnesium halides, ketones as well as 
aldehydes (mode of formation 10, p. 228) can be prepared, (a) from 
nitriles, and (b) from acid amides (C. 1902, I. 299 : 1903, II. 1110). 

Rv R\ 

(a) RC"N + R'Mgl ^-NMgl >C-0 

R'/ R'/ 


R\ /OMgl Rv 

lb) RCONHa + 2R'MgI y >C< >C = 0. 

R'/ \NHMgI RV 

Ketones are also obtained by the action of the magnesium alkyl 
halides on acid anhydrides (Bull. Soc. Chim. [4] 7, 836) and sodium 
salts of the fatty acids (Ber. 42, 4500). 

(10) By the action of diazomethane (p. 251), the aldehydes can 
be converted into alkyl methyl ketones (Ber. 40, 481) : 

CeHiaCOH + CH„Na = CeHiaCO-CHa -f N^. 


VOL. I. 


S 



258 


ORGANIC CHEMISTRY 


Ethylene oxides are sometimes formed in this reaction. See p. 228. 

(11) By heating ketones with alkyl iodides and potassium hydroxide 
at 100-140°, or better, by the action of sodamide and alkyl iodides 
in presence of ether, the hydrogen atoms attached to the carbon atoms 
adjacent to the CO group can be replaced by alkyl groups (Ann. 
Chim. Phys. [8] 28 , 732 : 29 , 313 : Ann. 310 , 323), e.g. : 

CH3 CH5, C0'CH,-CH8 ► CHMej-CO CHMeg ^ CMea CO CMeg. 

(12) By the action of anhydrous ferric chloride on the acid chlorides. 
Hydrochloric acid is set free, and chlorides of /3-ketone-carboxylic 
acids are produced. From these water liberates the free /3-ketone - 
carboxylic acids which readily break down into carbon dioxide and 
ketones : 

CHa CHa 

2CaHaC0Cl^^^^CaHaC0-CHC0Cl-^^^^^2HaC0CHC02H^^^^^%C2H5C0C2H6. 

(13) By the oxidation of dialkylacetic acids, and the a-hydroxy- 
dialkylacetic acids corresponding with them ; the latter are formed 
as intermediate products in the oxidation of the former compounds, 
e.g. : 

(CHa)tCH-COaH — (CHa)aC(OH) COaH — ^ (CHa)2CO -f COg + H^O. 

(14) Ketones are formed by the hydrolysis of /3-ketocarboxylic 
acids by dilute acids (for details, see under acetoacetic ester) : 

CHa-CO-CRR'-COjH CHa CO CHRR' + CO2. 

Acetonedicarboxylic acid and its derivatives break down similarly 
(cf, Ber. 42 , 3176 : Ann. 398 , 242) : 

HOCO CHa-CO CHa-COaH ^ CHa CO CHa + 2 CO 2 . 

Finally, diacylacetic acids break down with formation of a carboxylic 
acid, ketone and CO 2 (C. 1903, I. 225) : 

R'-CO CH COaH R' COOH + CH3 -f CO2 

1 1 

COR CO-R 

O 

(15) The glycidic acids of the general type readily 

RR'C CMeCOaH 

break down into CO 2 and alkylene oxides, which undergo isomeriza- 
tion to the ketone (Compt. rend. 141 , 766), e.g. : 

O O 

Mea(^^^Me-COaH > > MeaCH CO Me. 

Ketones are produced in the dry distillation of citric acid, sugar, 
cellulose (wood), and of many other carbon compounds, so that they 
are found in coal and coal-tar (Ber. 36, 254, 2713). 

Nomenclature and Isomerism . — ^The term ketone is derived from 
the simplest and first-discovered ketone — acetone. The names of the 
ketones are obtained by associating the names of the alkyls with the 
word ketone — e.g, dimethyl ketone, methylethyl ketone, etc. 

The “ Geneva names ” are obtained by adding the suffix “ one ” to the name 
of the hydrocarbon : acetone is called [Propanone], and methylethyl ketone 
is [Butanone]. 
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As there is a ketone for every secondary alcohol, the number of 
isomeric ketones of definite carbon content is equal to the number of 
possible secondary alcohols containing the same number of carbon 
atoms. The simple ketones are isomeric with the mixed ketones hav- 
ing a like carbon content. The isomerism of the ketones among 
themselves is dependent upon the homology of the alcohol radicals 
united with the CO-group. The saturated ketones are isomeric with 
the saturated aldehydes, the olefinic alcohols and the ethylene oxides. 


Properties and Reactions. 


The ketones are neutral bodies. The lower members of the series 
are volatile, ethereal-smelling liquids, whilst the higher members are 
solids. 

(1) Ketones differ chiefiy from aldehydes in their behaviour when 
oxidized. They are not capable of reducing an alkaline silver solution, 
and are not so easily oxidized as the aldehydes. 

When the more powerful oxidants are employed, the ketones almost 
invariably break down at the union with the CO-group : carboxylic 
acids are produced, and in some cases ketones with a lower carbon 
content : 


CHs-COCHs 

aH,COC,H, 


CHg COaH and H COgH 

-> CgHfi-COgH and CHg COgH. 


-> CO2 + HgO 


In the case of mixed ketones, when both alcohol radicals are primary in 
character, the CO-group does not remain exclusively with the lower alcohol 
radical, but the reaction proceeds in both possible directions, e.g . : 

^CHg CO^H and COgH CHgCHgCHg 
"'^2CH8CH2C02H 


When a secondary alcohol radical is present it splits off as ketone, and is 
then further oxidized, whilst with a tertiary alcohol radical the CO-group remains 
combined as carboxyl. 

The direction in which the oxidation proceeds is dependent less upon the 
oxidizing agent than upon the oxidation temperature (Aim. 161, 285 : 186, 257 : 
Ber. 15, 1194: 17, R. 315: 18, 2266, R. 178: 25, R. 121). 

It is remarkable that pinacolin (p. 265) is successfully oxidized by potassium 
permanganate to the corresponding a-ketone-carboxylic acid with the same 
number of carbon atoms : trimethylpyruvic acid : 


30 

(CH8)8C-C0 CH3 > (CH3)8C C 0 -C 03 H. 

Pinacolin. Trimethylpyruvic acid. 

Hydrogen peroxide changes acetone into a peroxide (p. 265) which breaks 
up into acetol, CHgCOCHgOH, and pyruvic acid, CH 3 CO COOH (C. 1905, II. 
212). 

(2) Concentrated nitric acid converts the ketones in part into 
dinitroparaffins (p. 185) : 

UNO, 

(C3H6)3C0 CH 3 CH(N 03)2 

(CH8CH8CH3)2C0 CH3 CH 2 CH(N 03)2 

a-Diketones may be formed at the same time if the ketone be suitably con- 
stituted, e.g. t>opropyl wobutyl ketone (C. 1900, II. 124). 


(3) Amyl nitrite, in the presence of sodium ethoxide or hydro- 
chloric acid, converts the ketones into i^onitroso-ketones : 

CjHuNO 

CH3COCH8 

CH 3 COCH 3 CH, 


^ CHg CO CHiNOH) 
CH8 C0 C(N0H) CH3. 
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The i^onitroso-ketones will be considered later as monoximes of 
a-keto-aldehydes, or a-diketones. 

(4) Ketones, containing the carbonyl group next to a methyl or 
methylene group, are acted on by nitric oxide in presence of sodium 
ethoxide, and form the sodium salt of di-?‘5onitramino-ketones. These 
are decomposed by water into a carboxylic acid and the sodium salt 
of a di-isonitraminoolefine (p. 184 ; Ann. 300, 95) : 

CHax 4N0 /NgO^Na h,o /NgOgNa 

CHgCO CH/ > CH 3 COOH + CH/ 

CHg/ 2C,HeONa \N3O3Na \N2O2Na 

Ketones containing the group CHs-CO* yield iodoform (p. 291) 
when treated with iodine and an alkali hydroxide. 

(5) The hexaalkylacetones are decomposed when heated with 
sodamide in benzene solution with sodamide into trialkylacetamides 
and trialkylmethanes (Compt. rend. 150, 661) : 

MeaC CO CMeg y Me3 CONH2 + CHMeg. 

(6) By the action of carbon bisulphide and alkali hydroxides on 
ketones of the type R CHg-CO-CHaR, orange-red coloured acids, 
probably of the following general formula, are produced (Ber. 38, 
2888) : 


CO< 


DR : C(SH)' 


>S. 


\CR : C(SH)/ 


A large number of the addition reactions shown by ketones are 
due, as in the case of the aldehydes, to addition at the C : 0 double 
bond. The first-formed addition product frequently loses water with 
formation of an unsaturated compound. 

(7) Reduction , — By the action of nascent hydrogen (from sodium 
amalgam or electrolytic hydrogen (C. 1900, II. 795)) or catalytically 
in the presence of platinum or nickel (C. 1912, I., 1273 : 1914, I., 
1993) ketones are reduced to the secondary alcohol from which they 
are produced by oxidation. Ditertiary glycols, the so-called pina- 
cones, are simultaneously produced : 


R CO R' -f 2H 


RCH(OH)R' 


2R CO R' -f 2H 



RC(OH)R' 

I 

RC(OH)R'. 


(8) The CO group in mixed aliphatic-aromatic and whoUy aromatic 
ketones can be reduced to CHg by boiling with amalgamated zinc 
and concentrated hydrochloric acid (ClemmenseUy Ber. 46, 1837). 
Paraffins can be obtained from ketones by heating their hydrazones 
with sodium ethylate, nitrogen being expelled (Ann. 394, 86). 

(9) The ketone derivatives R 2 C(OR') 2 , corresponding with the 
acetals (p. 266), are produced when the /S-dialkoxycarboxylic acids, 
RC(0C2H6)2CH2C02H, lose COg. They are prepared by the inter- 
action of ketones and orthoformic ester ; or in general from imido- 
ether hydrochlorides and alcohols {Claisen, Ber. 31, 1010 : Ber. 40, 
3021). 

(10) The ketones resemble the aldehydes in their behaviour with 
hydrogen sulphide and mercaptans in presence of hydrochloric acid. 
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The products are the polymeric thioketones (p. 266) and the mer- 
captoles, RR'C(SR")2 (p. 267). 

(11) Only such ketones as contain a methyl group form addition 
compounds with sodium bisulphite, and on the analogy of the alde- 
hyde bisulphites (p. 266) these compounds are to be regarded as the 
sodium salts of hydroxysulphonic acids ; 

R COMe + NaHSOa ^ RMeC( 0 H)*S 03 Na. 

(12) Ammonia reacts with ketones differently from its reaction 
with aldehydes. The “ ketone-ammonias ” are not formed, but con- 
densation products from more than one molecule of ketone are pro- 
duced. Thus, from acetone and ammonia, diacetoneamine, and tri- 
acetoneamine are produced. These are discussed fully on p. 274 
(see Ber. 42, 3298). 

(13) Ketones react with hydroxylamine, hydrazine, phenylhydra- 
zine and semicarbazide with the formation of oximes (p. 267), hydra- 
zones and azines (p. 268) phenylhydrazones (p. 269) and semicarbazones 
(p. 269). 

(14) Phosphorus pentachloride, phosphorus trichloro- dibromide, 
and phosphorus pentabromide replace the oxygen of the ketones by 
two chlorine or two bromine atoms. 

This reaction can be employed for the preparation of dichloro- or 
dibromoparaffins in which an intermediate C-atom carries the two 
halogen atoms. As these ketone chlorides readily exchange their 
chlorine for hydrogen, they constitute a means of converting the 
ketones into the corresponding paraffins (p. 95). 

Halogenolefines formed by the loss of halogen acid accompany 
the dihalogenparaffins. Halogen-ketones are also formed by direct 
substitution (C. 1913, I. 10U4). 

(15) The hydrogen atoms of the alkyl groups present in the ketones 
can be replaced by clilorine and bromine. 

(16) Boiling with acid chlorides, especially benzoyl chloride, con- 
verts many ketones into esters of the tautomeric ajS-olefine alcohols 
(p. 150), RC(O COCeH5) : CHR'. 

(17) Paraffin ketones, unlike the lower members of the aldehyde 
series, do not form polymeric modifications. 

Nuclear Synthetic Reactions, 

The action of ammonia on acetone and the formation of pinacones 
by reduction of ketones which have already been mentioned are 
examples of this type of reaction. The following reactions are more 
important. 

(18) Just as two aldehyde molecules can condense to aldols, so 
two molecules of acetone condense in the presence of cold concen- 
trated sodium hydroxide to diacetonealcohol {q.v,) : 

2CH3 CO CH3 ^ (CH3)2C(OH) CH2 CO CH3. 

Similarly aldehyde or chloral will unite with acetone, forming 
hydracetylacetone and trichlorohydracetylacetone {q.v.) : 

CH,C<^ + CHjCOCH, = 
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Acetone also condenses with other aldehydes, — c.gr. benzaldehyde. 
But it is impossible to obtain the ketone-alcohols which form at first. 
There is a loss of water, and unsaturated derivatives are produced, 
just as in the condensation of two molecules of aldehyde to form 
crotonaldehyde. Thus, two molecules of acetone, in the presence of 
ZnCla, HCl, or H 2 SO 4 , unite directly, with the elimination of water, 
to form mesityl oxide (p. 273), which in turn condenses with a third 
molecule of acetone to form phorone (p. 273). 


(CH,),CO + CHjCOCH, = ^g»>C = CH-CO-CH, + H,0. 

Mesityl oxide. 

^g»>C = CHCOCH, + CO(CH,), = ®®»>C = CHCOCH=C<^ 2 » + H,0. 

Phorone. 

(19) Acetone and other ketones, having a suitable constitution, 
change into symmetrical trialkylbenzenes, under the influence of con- 
centrated sulphuric acid, probably with intermediate formation of 
alkyl acetylenes (p. 111). Acetone yields mesitylene : 


CH 3 

CH, 

H,S04 

/ ■ \ 

SCO ^ 

) 

CH 3 

CH 

Acetone. 

Allylene. 


■> 



^CHa 

Mesitylene. 


(20) Acetone condenses, in presence of lime or sodium ethylate, 
to isopJiorone, a trimethylcyciohexenone (q.v.). Higher condensation 
products, the so-called xylitones, are also formed. 

(21) With the alkyl magnesium halides ketones form addition prod- 
ucts which form tertiary alcohols when decomposed with water (see 
p. 133). Ketones do not, in general, react with the zinc alkyls, but 
tertiary alcohols are obtained by the simultaneous action of zinc and 
alkyl iodides on ketones. 

(22) Ketones combine with chloroacetic ester and a-chloropro- 
pionic ester in the presence of sodium ethoxide or sodamide to form 
glycidic esters (C. 1905, 1. 346 : 1906, I. 22 : Ber. 38, 699). 

(CH,),CO + CHjCl COjEt >■ (CH,),C CH-CO,Et. 

(23) Ketones also unite with hydrogen cyanide to form “ cyano- 
hydrins,” which will be described later as the nitriles of a-hydroxy 
acids. The cyanohydrins are converted into the hydroxy acids by 
hydrolysis with hydrochloric acid : 

RgCO 4- HCN > R2C(0H) CN R2C(0H) C02H. 


The ketones also combine with ammonium cyanide to form a-amino 
acid nitriles : these can also be obtained from the cyanohydrins by 
the action of ammonia. 

(24) Acetone, in the presence of sodium hydroxide, combines with 
chloroform, yielding trichloro-^eri. -butyl alcohol, which is a derivative 
of a-hydroxyi^obutyric acid ; the latter can be obtained from it : 

(CH.).CO (CH.),C<gg» (CH,).C<gO*“ 

Trichloro-teit.-butyi alcohol. a-Hydioxyifobiityrlc acid. 
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(25) Ketones can be alkylated by the use of sodamide and alkyl 
iodides (see p. 258, method (11)). 

Metal ketyls, see Vol. II. 

Acetone, Dimethyl ketone [Propanone], CHg-CO-CHg, is isomeric 
with propionaldehyde, propylene oxide, trimethylene oxide, and allyl 
alcohol. It occurs in small quantities in the blood and normal urine, 
whilst in the urine of those suffering from diabetes it is present in 
considerable amount, due to the breaking down of the acetoacetic 
acid formed at first. It is also produced in the dry distillation of 
tartaric acid, citric acid {q.v.), sugar, cellulose (wood), and is, there- 
fore, found in crude wood spirit (p. 136). Technically it is prepared 
by the distillation of calcium acetate, or from crude wood spirit. 
More recently it has been obtained on a technical scale by the fer- 
mentation of starch and sugar-containing materials by suitable bac- 
teria {Bacillus Macerans, Bacterium acetoethylicum) (Chem. Ztg. 1926 , 
257). 

It is also formed by the usual methods : by the oxidation of isopropyl alcohol, 
isobutyric acid, and a-hydroxyisobutyric acid ; by heating ^/ 3 -dichloro- and 
-dibromopropano, CH 3 CX 2 CH 3 , with water to 160-180° ; and j3-chloro- and 
)3-bromopropylone, CH 3 CX = CH 2 , with water at 200°. The alcohol, CHa'C- 
(OH) : CHg, first formed undergoes isomerization to acetone. Acetone is similarly 
formed from allylene, CHg-C : CH, by action of sulphuric acid or HgBrg in the 
presence of water (p. 112 ). 

It results, further, in the action of zinc methyl on acetyl chloride ; €uid, 
accompanied by diacetyl, by the electrolysis of a solution of pyroracemic acid and 
potassium acetate (Ber. 33, 650). Acetone is also formed from a -bromo wo butyric 
amide by bromine and alkali (C. 1905, I. 1219) : 

2KOH 

(CH 3 ) 2 CBr-CONHBr > (CHs)^^ -f NH 3 -f 2KBr + COg. 

(See also the general methods of formation of the ketones, pp. 256-258.) 

Acetone is a mobile, peculiar-smelling liquid, b.p. 56*5°, m.p. — 94°, 
Djo 0*7920. It is miscible with water, alcohol, and ether. Calcium 
chloride, or potassium carbonate, throws it out from its aqueous 
solution. 

It is an excellent solvent for many carbon compounds, and for 
many inorganic salts such as potassium permanganate, etc. (Ber. 37 , 
4328). Its most important reactions, such as its behaviour on reduc- 
tion, its reactions with amyl nitrite, bisulphites, ammonia, hydroxyl- 
amine, phenylhydrazine, etc., have been described under the general 
reactions of the ketones. The sodium derivative of ^-allyl alcohol, 
CH 3 *C(ONa) : CHg, appears to be formed by the action of sodium 
(Ann. 278 , 116). 

By passing acetone vapour, diluted with nitrogen, through a tube 
at a dark-red heat, methane and keten are formed (Ber. 43, 2821. 
See p. 270) : 

CH3 CO CH3 ► CH, + CHg : CO. 

Detection and Estimation of Acetone, — Acetone is most readily detected by 
the iodoform reaction, iodoform being readily produced by the action of iodine 
and a weak alkali on acetone (see p. 291). Acetone can be quantitatively deter- 
mined by means of mercuric sulphate (Ber. 32, 986) ; also by heating it with 
mercuric acetate, whereby acetone-mercury substitution compounds are produced 
(Ber. 36, 3699). Mercuric oxide dissolves in a weakly alkaline aqueous solution 
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of acetone, forming the compound 2C8H,0*3HgO which by boiling with alkalis 
changes to the insoluble acetone mercarbide, CHsCOCHgaOgH (Ber. 38, 2677). 

Other reactions for the detection of acetone, see Ber. 17 , R. 503 : 18 , R. 195 : 
Ann. 223 , 143 : Atti. R. Accad. Lincei. [5] 22 , I. 376. 

Acetone is used for the manufacture of sulphonal (p. 267), chloro- 
form (p. 290) and iodoform (p. 291). During the war it was largely 
used for the manufacture of ?'6oprene (Merling. Z. angew. Chem. 34 , 
403). 

Homologues of Acetone. — («) Simple ketones are usually prepared by the 
distillation of the calcium or barium salts of the corresponding fatty acids. 


Name. 

Formula. 

M.P. 

B.r. 

Diethyl ketone, Propione 




103° 

Di-// -propyl ketone, Butyrone .... 

C0(C3H,)2 

— 

144° 

Di- isopropyl ketone, Tetramethylacetone 

CO[CH(CH3),]g 

— 

124° 

Di-i^obutyl ketone, ?>oValerone ... 

C0[CH2CH(CH3)2], 

— 

165° 

n -Caprone 

CO(C,H„), 

14*6^ 

226° 

Tetraethylacetone 

CO[CH(CjH5),], 

— 

203° 

CEnanthone ' 

CO(C,Hi,), 

30° 

263° 

Caprylone 

CO(C,H.J, 

40° 

— 

Caprinone i 

CO{C\H„), 

48° 

— 

Laurone 

CO(C„Ha3)j 

69° 


Myristone 


76" 

— 

Pahnitone ; 

CO(Ci3H3i), 

83° 

— 

Stearone ' 

1 

CO(Ci7H35)2 

88° 

— 


Diethyl ketone is produced from carbon monoxide and potassium ethyl (p. 223). 
Tetramethyl- and tetraethylacetone have been obtained as decomposition prod- 
ucts of pentarnethyl- and pentaethyl-phlorogliicinol, when these bodies were 
oxidized by air (Ber. 25 , R. 504). 

(6) Mixed Ketones , — The majority of these compounds have been prepared 
by the distillation of a mixture of barium acetate with the barium salt of another 
fatty acid. Many have also been prepared by the useful reaction between acid 
chlorides and alkyl zinc iodides (Bull. Soc. Chim. [4], 9, 1) : 


R CO-Cl + R 2nl > K CO R' -f ZnClI. 

Name. 

Formula. 

M.P. 

B.P.* 

Methyl ethyl ketone 

CH 3 COC 2 H, 



81° 

Methyl propyl ketone 

CHgCOCaH, 

— 

102 ° 

Methyl isopropyl ketone .... 

CHaCOCHlCHa)^ 

— 

96° 

Methyl «ec. -butyl ketone .... 

CHa-CO-CHgCHlCHala 

— 

116° 

Pinacolin, Methyl fert. -butyl ketone . 

CH 3 C 0 C(CH 8 ), 

— 

106° 

Methyl hexyl ketone 

CHa-COCeHi* 

— 

171° 

Methyl heptyl ketone 

CHs-CO-C^Hi^ 

- 15° 

193° 

Methyl nonyl ketone 

CHa-COCgHig 

+ 15° 

225° 

Methyl decyl ketone 

CH 3 COC 10 H 21 

21 ° 

247° 

Methyl undecyl ketone .... 

CH 3 COC 11 H 23 

28° 

263° 

Methyl dodecyl ketone .... 

! CH 3 CO C 12 H 23 

34° 

(207°) 

Methyl tridecyl ketone .... 

CHa-COCigHg^ 

39° 

(224°) 

Methyl tetradecyl ketone .... 

CHa-COCi^Hgg 

43° 

(231°) 

Methyl pentadecyl ketone .... 

CH 8 *CO ‘Cj gHgi 

48° 

(244°) 

Methyl hexadecyl ketone .... 

CHgCOCieHaa 

52° 

(252°) 

Methyl heptadecyl ketone . j 

CHa-COC^Hgs 

55° 

(265°) 


» Boiling pointo in parentheses determined at 100 min. 
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Methyl ethyl ketone occurs in crude wood spirit. 

Methyl isopropyl ketone is formed by several reactions involving the migration 
of a methyl group. Thus it is formed by the action of strong sulphuric acid on 
trimethyllactic acid, CMeg-CHOH'COjH (Ber. 25, R. 905), from tert.-hntyX- 
carbinol, CMea-CHgOH, along with trimethylacetaldehyde by oxidation with 
chromic acid (Ann. 351, 260) and from )Sj8-dimethyltrimethylene glycol, CMoj- 
(CH20H)2, by dehydration (C. 1900, II. 32). 

Methyl soc. -butyl ketone is obtained from methacrylic esters, CHg : CMe-COjEt 
and two molecules of magnesium methyl iodide. (C. 1907, I. 559). 

Pinacolin is obtained by the withdrawal of water from pinaconCy tetramethyl- 
ethylene glycol, (CH3)2C(dH)-C(OH)(CH3)2, and from trimethylacetyl chloride 
and zinc methyl (p. 257). When oxidized with chromic acid, it breaks down 
into trirnethylacetic and formic acid. Potassium permanganate converts it into 
trimothylpyroracemic acid (q.v.). It is converted by methyl iodide and sodamide 
into ethyl tert. -butyl ketoney CMeg-CO'CHjMe, b.p. 125°, isopropyl tevt. -butyl ketone 
(pentamethylacetone), CMo3*CO*CHMe2, b.p. 134°, and di-tert.-butyl ketoney 
CMeg-CO-CMea {pivalone)y b.p. 150° (Compt. rend. 150, 582). Reduction yields 
pinacolyl alcohol (p. 149) : for further reactions, see C. 1906, II. 496. 

Honwlogoua pinacolins are obtained from other polysubstituted glycols. 
Thus, methyl tort, -amyl ketoncy CMejEt-CO-Me, b.p. 130*6°, is obtained from 
the glycol CMegOH-CMeEtOH, and ethyl tert. -amyl ketone^ CMegEt-CO-Et, b.p. 
151°, from the two glycols CMeEtOH-CMeEtOH and CMogOH CEtaOH (Ann. 
396, 208). 

Methyl nonyl ketone is the chief constituent of oil of rue (from Ruta grave - 
olens), from which it may be extracted by shaking with concentrated sodium 
bisulphite solution (C. 1902, I. 744). Methyl heptyl ketone occurs in the same 
oil (C. 1901, 1. 1006; 1903, I. 29 ; Ber. 35, 3587). 

Acetone Peroxides, — Two cyclic acetone peroxides are known, cyclo. 

Dmcetone peroxithy (CHa)2C<[^Q~Q^C(CH3)2, m.p. 132°, is prepared by the action 

of HgSOg (Caro’s acid) on acetone (Ber. 33, 858). cyclo-Triacetone peroxide, 
(C8He02)3, m.p. 97°, is obtained from acetone and hydrogen peroxide, with 
special ease when in the presence of hydrochloric acid. It is insoluble in water, 
but soluble in benzene and in ether. It forms beautiful crystals, and explodes 
when struck or suddenly heated (Ber. 28, 2265). Methyl ethyl ketone and 
HgSOg produce methyl ethyl ketone peroxide, (C^HgOglg^ a colourless oil, which 
explodes above 100° (C. 1907, I. 944). 
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Monochloroacetone, CHg-CO-CHgCl, b.p. 119°, is obtained when chlorine is 
conducted into cold acetone (Ann. 279, 313), preferably in the presence of marble 
(Ber. 26, 597) ; also by the electrolysis of a mixture of acetone and hydrochloric 
acid (C. 1902, 1. 101). Its vapours provoke tears. Oximcy b.p. 71°/9 mm. 

as- or oL-Dichloroacetoncy CHg-CO-CHClg, b.p. 120°, is formed on treating 
warmed acetone with chlorine, and is also obtained from dichloroacetoacetic 
ester (Ber. 15, 1165). sym.- or ^-Dichloroacetoney ClCHg-CO-CHgCl, m.p. 45°, 
b.p. 172-174°, is obtained by the chlorination of acetone and in the oxidation of 
a-dichlorohydrin, CH2C1*CH(0H)*CH2C1 {q.v.), with potassium dichromate and 
sulphuric acid. 

sym. -Tetrachloroacetoney CHClg-CO-CHClg -f SHgO, m.p. 48-49°, is obtained 
by the action of potassium chlorate and hydrochloric acid on chloroanilic acid 
(Ber. 21, 318) and triarninophenol (Ber. 22, R. 666) ; or of chlorine on phloro- 
glucinol (Ber. 22, 1478). unsym.- Tetrachloroacetoney CH2C1-CO-CC12, b.p. 183°, 
is produced by the action of chlorine on isopropyl alcohol (C. 1897, I. 28). 

Pentachloroacetoncy CHClg-CO-CClg, b.p. 193°, is obtained from chlorine and 
acetone (Ann. 279, 317). 

Monobromoacetone, CHgBr CO CHg, b.p. 31°/8 mm. (Ber. 29, 1555 : 31, 
2684). Oximey m.p. 36°. Pentabromoacetoncy m.p. 74°, is produced from acetone 
dicarboxylic acid and bromine (C. 1899, 1. 596). Perbromoacetone, CBrg'CO-CBrg, 
m.p. 110-111°, is obtained from triarninophenol (Ber. 10, 1147), and bromoanilic 
acid (Ber. 20, 2040; 21, 2441) by means of bromine cmd water. 

lodoacetone, CHg-CO-CHjI, b.p. 58°/ll mm., is produced when potassium 
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iodide in an aqueous methyl alcohol solution acts on monochloroacetone (Ber. 
29, 1657). It is a heavy oil with an intolerable pungent odour. > Oodme^ m.p. 64°. 

P-Di-iodoacetoncy CHjI-CO-CHgl, results when iodine chloride acts on acetone. 

Methyl p-chloroisobutyl ketone, (CHjjlg'CChCHg’CO'CHj, and di-P-chloroiso- 
butyl ketone, (CH3)2CC1-CH2*C0*CH2CC1(CH8)2, are the readily decomposable 
addition products of mesityl oxide and phorone with hydrochloric acid. 

Methyl co-bromobutyl ketone, CH2Br(CH2)8*CO-Me, b.p. 216°, is obtained from 
hydrobromic acid and acetobutyl alcohol. 

yy'-Dibromoketones are prepared from the oxetones (cyclic anhydrides of 
the yy '-dihydroxy ketones, q.v. ) by the action of hydrobromic acid, e.g. yy-dibromo- 
butyl ketone, (CHjCHBr-CHj'CHglaCO, is formed from dimethyl oxetone and 2HBr, 
or by the addition of 2HBr to diallyl acetone (p. 276). aa-Dichloroketones are 
discussed with the diketones. 

2. KETONE ACETALS 

The ketones may be regarded as the anhydrides of hypothetical glycols, which 
bear the same relation to the ketones that the orthocarboxylic acids do to the 
carboxylic acids. In this sense it is then permissible to speak of ortho -ketones. 
Their alkyl ethers, corresponding with the acetals, are produced by heating the 
/9-diethoxy-carboxylic acids, and also from acetone by means of orthoformic 
est^r {Claisen, Ber. 31, 1010) : 

CH8 C(0C2H5)2CH2-C02H CH3 C(0C2H3)2-CH8 + CO, 

CH3 CO CH8 + HC(0C2H3)3 y CH3 C(0C2H3)3CH3 -f HCO2C2H3. 

Acetone dimethyl acetal, {CH3)2C(OCHa)2, b.p. 83°. Acetone diethyl acetal, b.p. 
114°, is a liquid with an odour resembling that of camphor. These substances 
are stable when pure, but water or a trace of mineral acid causes them to break 
down into ketones and alcohols. 

The ortho -esters of higher acids react on ketones like the first member, and 
the same may be said of the imido -ether hydrochloride and alcohol mixture. 
Methyl ethyl ketone diethyl acetal, b.p. 120° ; diethyl ketone diethyl acetal, b.p. 
154° ; dipropyl ketone diethyl acetal, b.p. 70°/12 mm., are prepared from acetimido- 
ether hydrochloride or phenyl acetirnido -ether hydrochloride and alcohol (Ber. 
40, 3020). 


3. KETONE HALIDES 

These are produced, as mentioned on p. 261, by the action of PCI3, PClgBr,, 
and PBrg upon ketones. They eewily give up halogen acid by the action of alkalis, 
forming halogen-olefines (p. 122), which in turn yield acetylene. 

Acetone chloride, pp-Dichloropropane. CIIj-CClg-CHa, b.p. 70°; Dj, = 1*827. 
pp-Dibromopropane, b.p. 114° ; Dg = 1*8149. pp-Dichlorobutane, CH3*CCl2-C2H5, 
b.p. 96°. pP'Dibromobutane, b.p. 144°. ^^-Dichloro-yy-dimethylbutane, CH3*- 
CCl2*C(CH3)8. is produced from pinacolin by PCI5 (comp. C. 1906, II. 496). 
Heptnddoropropane, CHCla'CClg’CClg, m.p. 30°, b.p. 150°, is obtained from 
penteujhloroacetone (Ann. 297, 314). 

4. KETONE BISULPHITES AND SULPHOXYLATES 

The addition compounds, which ketones containing a methyl group form 
with alkali bisulphites, comparably with the aldehydes, are probably salts of 
hydroxysulphonic acids (see p. 244) : 

RR'*C(OH)S08Na. 

With alkali cyanides they yield hydroxy-acid nitriles (C. 1903, I. 1244). Reduc- 
tion produces ketone sulphoxylates, (CH3)2C(OH)*OSONa, which are also formed, 
together with bisulphites, from ketones and hydrosulphites (C. 1907, I. 865 ; 
1909, I. 1208; Ber. 59, 2341). 

5. SULPHUR DERIVATIVES OF THE SATURATED KETONES 

A. Thloketones and their Sulphones. — When hydrogen sulphide acts on 
a cold mixture of aoetone and concentrated hydrochloric aoid, the first product 
is a volatile body with an exceedingly disagreeable odom which spreads with 
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great rapidity. It is probably thioa.cetone, which has not been further in- 
vestigated. The final product of the reaction is — * 

.S-C(CH,), 

Trithioacetone, (CH 8 ) 2 C<^ , m.p. 24°, b.p. 130°/13 mm. 

\S— C(CH3)2 

Potassium permanganate oxidizes it to the trisulphoney [(CH8)2CS02]8, m.p. 
302°. When distilled at the ordinary pressure it is converted into dithio- 

acetone, (CH 3 ) 2 C<^g^C(CH 8 ) 2 , b.p. 1 83-1 85°. This is also formed in the action 

of phosphorus trisulphide on acetone. It is converted, by oxidation, into the 
disulphone, [(CHg)2CS02]2, m.p. 220-225°. 

Methyl ethyl ketone behaves similarly (C. 1903, II. 281). 

B. Mercaptoles and their Sulphones. — Although the ketone derivatives 
corresponding with the acetals cannot be derived from ketones and alcohols by 
the withdrawal of water, it is possible to obtain the mercaptoles — the ketone 
derivatives corresponding with the mercaptals — in this manner ; but best, how- 
ever, by the action of hydrochloric acid on ketones and mercaptans : 

HCl 

(CH8)2C0 -f 2 C 2 H 8 SH ^ (CH8)2C(SC2H3)2 + HgO. 

Like the mercaptals, they are liquids with unpleasant odour. 

Acetone ethyl mercaptole, (CH 8 ) 2 C(SC 2 H 5 ) 2 , b.p. 190-191°, may be prepared 
from mercaptan. However, to avoid the intolerable odour of the latter, sodium 
ethyl thiosulphate and hydrochloric acid are used (p. 176). It combines with 
methyl iodide (Ber. 19 , 1787 : 22 , 2692). By this means, from a series of 
simple and mixed ketones, corresponding mercaptoles have been made, and in 
nearly all instances they have been oxidized to the corresponding sulphones, 
some of which possess medicinal value. 

Sulphonal, Acetone diethyl sulphone, (CH8)2C(S02C2H5)a, m.p. 126°, was 
discovered by Baumann, and was introduced into medicine, as a very active 
sleep -producing agent, by Kast in 1888. It is prepared by oxidation of acetone 
mercaptole with potassium permanganate : 

40 

(CH3)2-C(SC2H8)2 ^ (CH3)2-C(S02C2H3)2. 

It is also formed by the action of sodium hydroxide and methyl iodide (Ann. 
253 , 147) on ethylidene diethyl sulphone (p. 247) ; 

NaOH CH,I 

CH3CH(S02C2H3)2 ► CH3-CNa(S02C2Hj2 ^ (CH3)2C(S02C2H5)2. 

CH 

Trional, Methyl ethyl ketone diethyl sulphone, ^ H*>^(®02C2H5)*,m.p. 75°; 

tetronal, pentane-yy-diethyl sulphone, (C 2 H 5 ) 2 C(S 02 CaH 5 ) 2 , m.p. 86°; pentane^ 
yy-dimethyl sulphone, (C2H5)2C(S02CH8)2, m.p. 132-133°, and other “ sulphonals,'" 
are prepared similarly to sulphonal, and act in like manner. However, acetone 
dimethyl sulphone, (CH 3 ) 2 C(S 02 CH 3 )a, not containing an ethyl group, no longer 
acts like sulphonal as a soporific. 

6. NITROGEN DERIVATIVES OF THE KETONES 

A. Nitro Compounds. — The pseu donitroles, RR'C(NO)*N02» and gem.- 
dinitro compounds, RR'C(N02)2» have already been discussed (p. 184). 

B. The compounds which acetone forms with ammonia, diacetoneamine and 
triacetoneamine, are discussed in detail later (p. 274). From some of the higher 
ketones, ammonia produces products of the type RR'C(N : CRR ')2 from which 
the original ketone can be easily regenerated (C. 1905, II. 540 : 1907, I. 810). 

C. Hydroxylamine Derivatives, — Ketoximes (V. Meyer). In 
general, the ketoximes are formed with greater difficulty than the 
aldoximes (Ber. 39, 1452 : C. 1905, I. 1219). It is usually best to 
apply the hydroxylamine in a strongly alkaline solution (Ber. 22, 
605 : Ann. 241, 187 : C. 1908, I. 937). They are also produced when 
the pseudoTiitvoles are reduced by free hydroxylamine or potassium 
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hydrosulphide (Ber. 28 , 1367 : 29 , 87, 98), or by the reduction of 
secondary nitroparaffins by stannous chloride and HCl. 

They are very similar in properties to the aldoximes. Acids 
resolve them into their components, whilst sodium amalgam and 
acetic acid convert them into primary amines (p. 190). They are 
characteristically distinguished from the aldoximes by their behaviour 
towards acid chlorides or acetic anhydride, yielding in part acid esters ; 
and by their conversion by the same reagents, as well as by HCl or 
H 2 SO 4 in glacial acetic acid, into acid amides {Bex^kwnnn transforma- 
tion, Ber. 20, 506, 2580 : comp, also Ber. 24, 4018 : Ann. 312, 172, 
note). 

CH CH ^ CH.CO-NHCHjCH CH3. 

Methyl propyl kctoxlme. Acetopropylamidc. 

The mechanism of the Beckmann transformation has been largely 
studied by Meisenheimer, particularly in connection with the aromatic 
and mixed aliphatic-aromatic ketones (Ann. 446, 205). He has shown 
that, contrary to the previously accepted mechanism, the alkyl group 
which stands anti- to the OH group migrates to the nitrogen ; 

R— C— R' O : C— R' R— C : O 

II I (and not | ). 

NOH R~NH HNR' 

Nitrogen tetroxide converts the ketoximes into pseudonitroles (p. 184). 
Chlorine and sodium hydroxide or bromine and pyridine produce chloro- and 
bromo-nitrosoparaffins (p. 182). 

Ketoximes combine with hydrocyanic acid to form nitriles of a -hydroxy lamino- 
carboxylic aoids (Ber. 29 , 62). 

Acetoxime, (CHglaC : NOH, m.p. 50-60^, b.}i. 135°, smells like chloral. It 
dissolves readily in water, alcohol, and ether, from which it crystallizes well 
(Ber. 20 , 1505: 39 , 876). 

The hydroxyl hydrogen present in acetoxime may be replaced by acid radicals 
through the agency of acid chlorides or anhydrides (Ber. 24 , 3537). 

Methyl ethyl ketoxime, b.p. 152°. Methyl n-propyl ketoxime, b.p. 168° (C. 1898, 
II. 474), is an oil with an agreeable odour. Methyl mopropyl ketoxime, b.p. I57°* 
Methyl n-butyl ketoxime, b.p. 185°. Methyl tort. -butyl ketoxime (Pinacolin oxime), 
m.p. 75°, reacting with PCI5 produces aceto-^crf.-butylariiine. Nitrogen tetroxide 
does not produce a pseudoTnivoXe, but a nitrimine, C(CH8)3 C(CH,) : N-NO,, or 
the tautomer C(CIl3)3C( : CH2) N ; NOOH. (Comp, mesityl nitrimine, p. 275, 
and Ann. 338 , 1.) 

n-Butyrone oxime, b.p. 193°. ifioButyrone oxime, m.p. 6-8°, b.p. 181-185°. 
Methyl nonyl ketoxime, m.p. 42°, under the influence of concentrated sulphuric 
acid, forms considerable quantities of capric methylamide, CgH^gCONHCHg, 
together with acetononylamide (Ber. 35, 3592). Capryl ketoxime, m.p, 20®, 
Nonyl ketoxime, m.p. 12°. Lauryl ketoxime, (C22H88)2C : N-OH, m.p. 39°. 
Myristyl ketoxime, { 012 ^^ 27 ) 2 ^ • N OH, m.p. 51°. Palrnityl ketoxime, (C25Hj2)2C 
N-OH, m.p. 59°. Stearyl ketoxime, (Ci7H35)2C : N-OH, m.p. 62°. 

D. Hydrazine Derivatives. — The first product of excess of hydra- 
zine in the cold on ketones is the production of the unstable ketone 
hydrazones, which on standing split off hydrazine with the formation 
of the very stable ketazines (Ber. 25, R. 80) : 

2RR'CO -f 2NH2 NH2 2RR'C ; N-NH^ -> RR'C .- N-N : CRR' + NHg-NHg 

The ketazines are also formed by direct combination between two 
molecules of ketone and one of hydrazine. They are hydrolysed to 
the ketone and hydrazine by acids, but are stable to alkalis. When 
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heated with sodium ethoxide, the ketone hydrazones break down into 
nitrogen and a paraffin (Ann. 394, 86) (Curtius and Thun). 


Dimethyl ketazine in contact with acids changes into the isomeric trimethyl - 
pyrazoline (Ber. 27 , 770: C. 1901, II. 1121): 


(CH3),C:-N 


(CH3)2C-N 


N-CCHs 

> I I 

HN CH^ 


C(CK,),. 

The homologous methylalkylketazines behave similarly, whilst diethylketazine 
does not imdergo the change (C. 1898, II. 1249). 

Diethylketazine, however, is converted on heating with zinc chloride into 
3 : 4-dimethyl-2 : 5-diethylpyrrole (Ber. 43 , 493) : 


CH3CH, CH2CH3 

1 I 

C2H5C = N*N = CC2Hb 




CHa-C— CCHa 


\/ 

NH 


+ NHa. 


Acetone hydrazone, MegC : N*NH 2 , b.p. 124°. 

Dimethyl ketazine, MeaC : N-N : CMeg, b.p. 131°, methyl ethyl ketazine, b.p. 170°, 
methyl propyl ketazine, b.p. 197°, methyl hexyl ketazine, b.p. 290°, diethyl ketazine, 
b.p. 193°. 


E. Ketone Phenylhydrazones (E. Fischer, Ber. 16, 661 : 17, 
576 : 20, 513 : 21, 984). — These compounds result by the action of 
phenylhydrazine on the ketones. They behave like the aldehyde 
phenylhydrazones, and form indole derivatives when heated with 
HCl or ZnCl^. 

Acetone phenylhydrazone, (CH 3 ) 2 C : N^HCgHB, m.p. 16°, b.p. 165°/93 mm. 

Methyl n-propyl ketone phenylhydrazone, b.p. 206°/100 mm. 

p-Nitrophenylhydrazones are specially suitable for identifying ketones on 
account of the relative insolubility of the compound formed. Acetone p-nitro- 
phenylhydrazone, (CH 3 ) 2 C : NNHCaH^NOg, m.p. 148° (C. 1904, I. 14). 


F. Ketone semicarbazones result when ketones are mixed with 
semicarbazide, NHgCO-NH’NHg (q.v,) at ordinary temperatures. 
Such compounds are particularly suitable for the identification of 
the ketones, on account of the excellent way they crystallize. 

Acetone semicarbazone, (CH 8 ) 2 C : NNHCONHj, m.p. 187°. Methyl ethyl ketojie 
aemicarbazone, m.p. 136°. Diethyl ketone semicarbazone, m.p. 139°, and other 
members, see Ber. 34 , 212 3. 


3B, UNSATURATED KETONES AND KETENS 
(a) KETENS, RR'C : CO * 

The ketens discovered by Staudinger in 1905 are a special type 
of unsaturated ketone of the general formula RR'C : CO. The simplest 
keten, CHg : CO, was prepared by Wilsmore in 1907 by the action 
of a red-hot platinum wire on acetone, acetic anhydride and acetic 
ester (J.C.S. 91, 1938). Keten bears the same relation to acetic acid 
as carbon monoxide to formic acid, and can be regarded as an internal 
anhydride of acetic acid. The acetals corresponding to the keten 
hydrates (tautomeric with the carboxylic acids), RR'C : C(OR") 2 , are 
known. 

* H. Staudinger, Die Ketene (Stuttgart, 1912, Enke). 
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In the presence of two adjacent double bonds, RgC : C : 0, ketens 
resemble such compounds as the i^ocyanic esters, R-N : C : O, and 
Staudinger proposed, on account of the similarity in formula and 
reactions of such compounds, to class them together under the name 
carbonylenes. Regarding the aliphatic diazo compounds as possess- 
ing an open chain formula (but see p. 251), he grouped these with 
these compounds under the proposed name azenes (Helv. Chim. Acta. 
5, 86). 

Ketens of the type RCH : CO are known as aJdokete/ns, those con- 
taining two alkyl groups, RR'C : CO, as ketoketens. 

Formation. — (1) By the action of zinc on a-bromo-fatty acid 
bromides in indifferent solvents : 


Zn 

CHjBr COBr ► CH,=CO + ZiiBr, 

Zq 

(CHj)2CBr CBr ► (^3)30 = CO + ZaBr^. 


(2) By the p 3 T 0 genic decomposition of acetone (Ber. 43, 2821) 
or acetic anhydride : 

CHa-CO CHj CH 4 4 - CH, : CO 

(CHa C0)30 > HaO -f 2CHa : CO. 

(3) By heating dialkyl malonic anhydrides (Ber. 41, 2208 : Helv. 
Chim. Acta. 6, 291) : 


c 


(C,Ha)aC- 

I 

CO 


—con 

I 

o J, 


(CaHa)aC 

> II + COa. 
CO 


(4) By heating certain diazomethane derivatives, e.g. diazodesoxy- 
benzoin (Schroeter : see Vol. II) : 

CeHa CO C( : ► Na CeHa-CO C(CeHa)< ► (CeHa)aC : CO. 


Properties . — The aldoketeiis are colourless, and usually very un- 
stable. The ketoketens are more stable and are yellow in colour, 
the depth of colour depending upon the nature of the two alkyl 
groups. The ketens show no carbonyl reactions, but, on the other 
hand, manifest great additive capacity at the C : C linking. They 
behave as internal anhydrides of the fatty acids in their addition 
reactions with water, alcohols, amines, halogen hydrides and fatty 
acids, with the formation respectively of fatty acids, esters, amides, 
acid halides and mixed acid anhydrides. It cannot be definitely 
stated whether the addition takes place first at the C : 0 linking, 
with subsequent isomerization, or whether the addition takes place 
directly at the C : C linking. 

The extraordinary reactivity of the adjacent double linkages leads 
to spontaneous polymerization, very often very suddenly, this ten- 
dency being particularly marked with the aldoketens and leading to 
difSculties in their preparation in a pure condition (Ber. 49, 2697 : 
53, 1073, 1917 : Helv. Chim. Acta. 7, 3). In some cases, the original 
form can be recovered by distillation of the dimeric product. 

The ketens are extraordinarily sensitive to atmospheric oxygen. 
They combine with oxygen in solution to moloxides, which are stable 
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at a low temperature, but which decompose at room-temperature into 
ketones and COg. In the dry state they are explosive (Ber. 58, 1079) : 

= - 20 " RgC— C:0 +i5-18'> RaC + C = 0 

5- I I ^ II II 

0 = 0 0—0 o o 

Ketens add themselves to the unsaturated linkages C : C, N : N, 
N : 0, C : 0, C : N (Ber. 44, 521 : Helv. Chim. Acta. 7, 8). Their 
union with carbonyl compounds and Schiff's bases to form the other- 
wise difficultly accessible ^-lactones and j8-lactams is important (Ber. 
50 , 1035). The stability of the so-formed ring compounds is discussed 
in Helv. Chim. Acta. 5 , 3 : 

RR*C = C:0 RR»C— C:0 / RR>C— C : Ov 

y 1 I ( similarly | | ) 

R«RniC = 0 R«R*‘*C— O \ R°R*“C— NR*^/ 

etc. 

Ketens also combine with CO 2 with the formation of dicarboxyhc 
anhydrides (see preparation, method (3)) (Helv. Chim. Acta. 8, 306). 

Tertiary bases such as pyridine and quinoline form the so-called 
keten bases with two molecules of dimethylketen. With stronger 
tertiary bases such as triethylamine, ketinium compounds containing 
one mol. of keten to one mol. of base are formed (Ber. 42, 1271). 

Keten, CHg : CO, m.p. — 151°, b.p. — 56°, is colourless, poisonous and has 
an odour of chlorine and acetic anhydride (Ber. 41 , 594). Methylketeiiy CHMe : CO 
(Ber, 41, 906 : 44, 533), and ethylketen have only been obtained in ethereal 
solution. 

Dimethylketerif CMeg : CO, m.p. — 97-5°, b.p. 34°, is a mobile light-yellow 
liquid which polymerizes at ordinary temperature to tetramethylcyc^butanedione 
(Ber. 39, 968 : 40, 1149). Diethylketerif b.p. 92°, is obtained from diethylmalonic 
anhydride (Ber. 41, 2208). 

Carbon suboxide, CO : C : CO, which is closely related to the ketens, is 
dealt with later, in connection with malonic acid. 

Keten Acetals. — The keten acetals, RgC : C(OR') 2 » are obtained by the 
action of water on the reaction product of sodamide on acetic ester (Scheibler 
et al., Ann. 458, 21 : see under acetoacetic ester). 

Keten diethyl acetal, CHg : C(OEt) 2 , b.p. 78°, is a colourless liquid with a faint 
ethereal odour, readily soluble in organic solvents and to an appreciable extent 
in water. On hydrolysis it yields acetic ester and alcohol, and by the action 
of bromine, bromoacetic ester and ethyl bromide. 

Keten di-n-propyl acetal, b.p. 104-106° ; diiaohuiyl acetal, b.p. 110-112° ; 
di\aoamyl acetal, b.p. 131-133°. 

M ethylketen diethyl acetal, CHMe : C(OEt) 2 , b.p. 78-81°, is obtained from ethyl 
propionate. 


(b) OLEFINE AND DIOLEFINE KETONES 

Olefine ketones, in which the double bond is situated next to the 
keto-group, are very easily prepared, and are interesting in their 
behaviour. 

(1) (a) a^-olefine ketones are obtained from the product of con- 
densation of ketones with aldehydes or ketones ; the keto-alcohols 
which are formed easily give up water : 

CHjCHO -1- OHjCOCHs CH,CH(OH)CH2COCH3 -> GHjCH : CHCOCH,. 

Condensation of several molecules of the same ketone results in 
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the formation of a/9-olefine ketones and diolefine ketones : e.g, acetone 
yields mesityl oxide and phorone : 

2CH3COCH3 (CH3)2C : CHCOCH3 (CH3)3C : CHCOCH : C(CH3)3 

(6) The ^-halogen ketones, which are readily obtained by the 
condensation of j3-halogen fatty acid chlorides and zinc alkyls, lose 
halogen hydride and yield a/S-unsaturated ketones when treated with 
diethylaniline (C. 1906, I. 650 : 1908, I, 1913) : 

ZuBitii 

X CH3 CH3 COCI > X CHa-CHa-CO Et > CH^ : CH CO Et. 

(c) The a/S-unsaturated ketones are obtained by condensing ole- 
fines with acid chlorides in the presence of aluminium chloride (C. 
1910, I. 1335 ; cf. Ber. 27 , R. 941) : 

MeaC : CH^ + CH3 COCI Me^C : CH CO CH3. 

This may be regarded as a special example of the very important 
Friedal- Crafts reaction for the preparation of many aromatic com- 
pounds. 

(d) In some cases a/S-unsaturated ketones are obtained by con- 
densing A®-unsaturated acid chlorides with zinc alkyl iodides (Ann. 
Chim. Phys. [8] 15 , 556). 

(2) AUyl alkyl ketones can be prepared from the acid nitriles, 
allyl iodide and zinc. They very easily change into propenyl alkyl 
ketones, under the influence of mineral acids (C. 1905, I. 431) : 

C,HiZnI 

CHjC : N ► CH3COCH3CH : CH3 ► CH3COCH : CHCH3. 

(3) Unsaturated ketones with any desired position of the double 
bond can be obtained by hydrolysis of ^-ketonic esters or /3-diketones 
containing the appropriate unsaturated group. Thus, allylacetoacetic 
ester yields methyl A>-butenyl ketone (allylacetone) ; 

CH, : CH CH3 CH OOOII CH3 : CH CH3 CH2 

j ^ I + CO3. 

CH,CO CHa-CO 

The a/3-unsaturated ketones show very marked additive proper- 
ties at the C : C linkage adjacent to the carbonyl group. On reduc- 
tion, they yield according to the conditions saturated ketones or 
saturated alcohols. The reduction to the unsaturated alcohol has 
not yet been accomplished (Ann. 330, 212). By the use of aluminium 
amalgam dimolecular condensation products are also formed (Ann. 
296 , 295). On the other hand, the unsaturated ketones with separated 
double bonds yield exclusively the unsaturated alcohol when reduced 
with sodium and alcohol. 

Semicarbazide yields the semicarbazidosemicarbazones, R‘CH(NH*NH*CO*- 
NH,)*CH,*C( : N*NH*CO*NH,)*R', as well as the normal semicarbazone (Ber. 
40, 4764). Hydroxylanvine produces not only oximes but also jS-hydroxylamino- 
oximes, RCH(NHOH)-CH3C( : NOH)R. Ammonia, primary and secondary 
amines are particularly easily taken up, forming /3-aminoketones. Hydrazines 
react with the CO and C = C groups, producing cyclic pyrazolines. 
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Mercaptans form not only mercaptoles, but also mercapto-mercaptoles, even 
when the C = C group is not contiguous to the CO group ; e.g. ^ 

CH 3 CH(SC 8 H 5 )CH 2 C(SC 2 H 5 ) 2 CH 3 , CH3CH(SC2H6)CH2CH3C(SC3H5)2CH3, 
etc. In phorone, only the two C — C groups react, yielding : 

(CH 3 ) 2 C(SC 2 H 3 )-CH 2 -C 0 CH 2 C(SC 2 H 3 )(CH 3)3 (Ber. 37, 502). 

Sulphurous and hydrocyanic acids sometimes unite with the C = C group 
rather than with the CO. Malonic ester, acetoacetic ester, and other such 
reactive bodies similarly unite with the C — C bond of ajS-olefine ketones, forming 
RC 0 CH 2 CR CH(C 02 C 3 Hb) 2 , etc. 

Addition compounds with the halogen acids are very readily formed. It is 
a general rule that, when HX becomes attached to these unsaturated substances, 
the hydrogen atom always takes the a- position to the CO group and the X group 
the position. 

Bromine forms aj3-dibromoparaffin ketones which readily give up HBr, 
leaving a -bromo -olefine ketones, which yield a -diketones on hydrolysis (Ber. 
34 , 2092). 

Methyl vinyl ketone {Methyle^ieacetone) CHg : CH-CO-Me, b.p. 80®, is a strongly 
refracting, very pungent oil obtained from acetonylcarbinol, CHg-CO-CHg-CHgOH, 
or ^-acetylacrylic acid, CHg-CO-CH : CH-COjH, by distillation under ordinary 
pressure. Methyl i^opropenyl ketone^ CHg : CMe-CO Me, b.p. 96°, is obtained 
similarly (D.R.P. 222551, 227176, 242612 ; C. 1910, II. 120, 1421 : 1912, I. 385). 
They polymerize very easily. 

Ethyl-y propyl- f and i^obutyl-vinyl ketones^ b.p. 31®/47 mm., 24°/10 mm. and 
32°/10 mm. are obtained by loss of HCl from the corresponding alkyl j 3 -chloroethyl 
ketones. 

Methyl allyl ketone^ b.p. 108®, ethyl allyl ketone, b.p. 127®, and propyl allyl 
ketone, b.p. 147°, CHg : CH-CHgCOR, are readily changed by mineral acids into 
methyl propenyl ketone, b.p. 121°, ethyl propenyl ketone, b.p. 137°, and propyl 
propenyl ketone, b.p. 157°. 

Ethyl ideneacetone, CH 3 CH = CH*C 0 *CH 3 , b.p. 121°. It has a penetrating 
odour like that of crotonaldehyde. It is formed when hydracetylacetone (q.v.) 
is boiled with acetic anhydride or anhydrous oxalic acid (Ber. 25 , 3166 ; 34 , 2092). 
isoButylidencacetone, (CH 3 ) 2 ('H-CH : CH-COCHg, b.p. 51®/16 mm. (C. 1900, I. 
403). iiioAmylide7ieacetone (CH 3 ) 2 CH‘CH 2 CH : CHCOCH 3 , b.p. 180° (Ber. 27 , 
R. 121 ; C. 1897, I. 365). lieptachloroethyliderveacetone, CHCl 2 CCl = CCl CO-CCl 3 , 
b.p. 184°/14 mm., results when trichloroacetyltetrachlorocrotonic acid is heated 
with water (Ber. 25 , 2695). 

Mesityl oxide, (CH 3 ) 2 C = CH CO-CH 3 , b.p. 130®, is a liquid smelling like 
peppermint. Phorone, (CH 3 ) 2 C~CH*CO*CH = C(CH 3 ) 2 , m.p. 28°, b.p. 196®. 
These are formed simultaneously on treating acetone with dehydrating agents, 
e.g, ZnCl 2 , H 2 SO 4 , and HCl. Hydrochloric acid is best adapted for this purpose, 
the acetone being saturated with it, while it is cooled. The addition products 
which are first formed, (CH 3 ) 2 CCl-CH 2 COCH 3 and (CH 3 ) 2 CCl*CH 2 -CO-CH 3 -CCl- 
(0H3)2, are decomposed by alkali hydroxides, and the mesityl oxide and phorone 
then separated by distillation. When acetone is condensed by lime or sodium 
ethylate there is produced along with the mesityl oxide a cyclic ketone isomeric 
with phorone, called iBophoronc (Vol. II). 

The diacetone alcohol which is formed as an intermediate product readily 
decomposes when heated with a little concentrated sulphuric acid into mesityl 
oxide and water (Monatsh. 34, 779). The formation of mesityl oxide is reversible. 
By shaking with 1% HCl mesityl oxide takes up water and forms diacetone 
alcohol : concentrated acids, or warming with dilute sulphuric acid split it into 
two molecules of acetone. Phorone is similarly broken down when heated with 
dilute sulphuric acid (Ann. 180 , 1). 

Mesityl oxide takes up two atoms of bromine, and phorone four. 

Phorone tetrabromide, CMegBr-CHBr-CO-CHBr-CMeaBr, m.p. 89® (Ann. 180 , 
21 ) yields when heated with alcoholic potassium acetate or pyridine, CLCL-dibromo- 
phorone, CMog : CBr‘CO-CBr ; CMeg, m.p. 30° (Ann. 406 , 154). Ozonides of 
mesityl oxide and phorone, and their breakdown products, see Ami. 374 , 338. 

Just as acetone condenses to mesityl oxide and phorone, so the homologous 
ketones, and methyl ethyl ketone, methyl propyl ketone, methyl heptyl ketone, 
and methyl nonyl ketone are condensed by hydrochloric acid (Ber. 36, 2555) 

VOL. I. T 
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or zinc chloride, and acetyl chloride (C. 1903, II. 666) or calcium carbide (C. 
1909, II. 1421) to homologues of mesityl oxide and phorone. 

Historical. — Kane discovered mesityl oxide in 1838, when he obtained it, 
together with mesitylene, by the action of concentrated sulphuric acid on acetone. 
At that time he regarded acetone as alcohol, and called it mesitalcohol. In 
mesityl oxide and mesitylene, Kane thought he had discovered bodies which bore 
the same relation to mesityl alcohol or acetone that ethyl ether or ethyl oxide and 
ethylene bear to ethyl alcohol. Kekule developed the formula (CH 8 ) 2 *C — CH-- 
CO'CHj for mesityl oxide, which was substantiated later by Claisen. Baeyer 
discovered phorone, and Claisen assigned to it the formula (CH 3 ) 2 C = CH-CO-- 
CH = C(CH 8)2 (Ann. 180, 1). 


The Action of Ammonia on Acetone and Mesityl Oxide and Phorone 


Ammonia unites with mesityl oxide and phorone at their double bonds and 
forms three bases, diacetonamine, triacetonamine, and triacetonediamine — the 
same that are formed from ammonia and acetone {Heintz^ Ann. 174, 133 : 198, 
42 ; 203, 336). There are two possible courses that the reaction may follow : 
firstly, that the acetone is condensed to mesityl oxide and phorone by the am- 
monia which then become converted into the aminos, or secondly, the ammonia 


OTT 

forms a simple addition compound, (CH 8 ) 2 C<^^jj , 


which then condenses. 


CH 3 V 

X:=CHCOCH, 

CH,/ 

Mesityl oxide. 


NH, 


CH,v 

^=CHCOCH 

Phorone. 


CH,/ 


X, 


:•«-< 


CHa/ NNHa 
Diacetonamine. 

CHa. yCHa-COCH, 


CH, 




‘NH 


Triacetonamine. 


CHa 

!H, 



Triacetonediamine. 
(Ann. 203, 336). 


Diacetofiamine forms a colourless liquid, slightly soluble in water, which is 
decomposed into mesityl oxide and ammonia by distillation (Ber. 7, 1387). It 
shows a strongly alkaline reaction and forms crystalline salts with one equivalent 
of acid. The hydrocJdoride, acted on by potassium nitrite, yields diacetone 
alcohol, (CH 8 ) 2 C( 0 H)CH 2 C 0 CH 3 (q.v.)^ which can be considered to be a derivative 
of diacetonamine. It loses water and changes to mesityl oxide. Urea derivative 
of diacetonamine, see Ber. 27, 377. Diacetonamine oxime, m.p. 55°, b.p. 121°/12 
mm. (Ber. 34, 300, 792). 

Oxidation by chromic acid mixture produces a-amino-i«obutyric acid, 
(CH3)2C(NH2)C00H, and /S-amino -isovaleric acid, (CH 8 ) 2 C(NH 2 )*CH 2 COOH. 

Triacetonamine, m.p. 39*6° ; + IH 2 O, m.p. 58°, is prepared from phorone and 
ammonia, and is a secondary base (p. 187). It crystallizes anhydrous in needles, 
and with one molecule of water in large quadratic tables. It is weakly alkaline. 
Its hydrochloride with potassium nitrite yields a nitrosamine, CjHiaON-NO, m.p. 
73°, which regenerates phorone when boiled with sodium hydroxide. The nitroso- 
body is transformed by hydrochloric acid back into triacetonamine. This sub- 
stance, with bromine, forms 'K -bromotriacetonamine, CaH^aONBr, m.p. 44° (Ber. 
31, 668). For further reactions, see Vol. II. 

Phorone and primary amines produce N -methyltriacetonamine, etc. (Ber. 28, 
R. 166). Just as the reaction of diacetonamine with acetone yields triaceton- 
amine, so iujetaldehyde produces vinyldiacetonamine (Ber. 17, 1788). 


(CHa)aC CHgCOCH, CH.CHO 
NHg 


(CHa)2CCHaCOCHa 

I I 

NH CHCH, 


With cyanoaoetic ester an analogous S-lactam is formed (Ber. 26, R. 450). 
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Action of Hydroxylamine and Semicarbazide on Mesityb Oxide and 

Phorone 


According to the conditions of experiment, hydroxylamine becomes added 
on to the mesityl oxide molecule and gives diace tonehydroxylamine, or else oxime 
formation takes place. In the case of phorone, however, only addition compounds 
are formed — triacetone hydroxylamine and triacetone dihydroxy lamine, corre- 
sponding with the two compounds obtained with ammonia. 

Mesityl oxide oximet (CHa) 2 C = CH-C(NOH)CH8, a-form, b.p. 83°/9 mm., 
)3-form, m.p. 49°, b.p. 92°/9 mm., is prepared from mesityl oxide and free hydro- 
xylamine. It is obtained in two modifications. The oily a -oxime is transformed 
into the solid jS-form by the action of heat on the hydrochloride, or by repeated 
distillation under reduced pressure. The latter, boiled with alkali, regenerates 
the a-modification. 

Mesityl nitrimine, (CHa)8C = CH‘C<^^^Q , m.p. 155°, with violent decom- 
position, is produced when both modifications of mesityl oxide oxime are treated 
with amyl nitrite in glacial acetic acid (Ber. 32, 1336). Reduction changes it to 
trimethylpyrazoline (Vol. III). Heated with water it forms an isomeric trimethyl- 
isoxazolone oxime (Vol. Ill) ; oxidation with nitric acid changes it to nitrito- 
mesityl dioxime peroxide. This is converted by aniline in glacial acetic acid 
solution into anilonitro- acetone, which, in turn, is changed by sulphuric acid 
into nitro -acetone (Ann. 319, 230). 

(CHa)2CCH2C CH CHaC CHaNO* CHaCOCHaNOa. 

I II II ► II ^ 

ONO NOON NCaHa 


Diacetone hydroocylamine, mm., is 

formed, together with a -mesityl oxide oxime, by the action of free hydroxylamine 
on mesityl oxide. Oxidation with chromic acid yields ; 

0TT ^--CH CO CH 

p-Nitroso-iBopropylacetonCt CH8>^<5^0* dimolecular form, m.p. 


75° ; monomolecular form, b.p. 60°/ll mm., which is also formed from diaceton- 
amine (p. 274) by oxidation with porsulphui-ic acid. In the dimolecular condition 
it forms white tabular crystals, which melt to a blue monomolecular liquid. It 
is easily decomposed (comp, nitrosoparaffins, p. 183, and Ber. 36, 1069). 

^-Nitro-isopropylacetoney (CH 8 ) 2 C(N 02 )CH 2 C 0 CH 3 , b.p. 119°/17 min., is pro- 
duced when diacetone hydroxylamine is oxidized with nitric acid. It can be 
reduced back to its parent compound by aluminium amalgam (Ber. 36, 158). 


Triacetonehydroxy lamine, 


prepared from phorone and hydroxylamine hydrochloride, and yields with 
hydroxylamine, an oxime, m.p. 126°. 

Triacetonedihydroxylamine, qh*^^<CnHOh'^HOI^^^^CH*’ 
b.p. 135°/20 inm. (Ber. 36, 657), results from interaction of phorone and two 
molecular proportions of free hydroxylamine. Reduced by Zn and HCl, it 
changes to triacetone diamine. Boiled with alkalis it gives the anhydride, 

\nH O HN/ 


m.p. 111°. Reduction by Zn and HCl gives triacetone diamine (see above). 
Dinitrosodiiaojyropylacetone, 0h*^^*^NO* » 

is produced from triacetone dihydroxy lamine by chromic acid (Ber. 31, 1379)- 
On melting it forms a deep -blue liquid. 

Semicarbazide derivatives. — Mesityl oxide sernicarhazo'ne, MojC : CH-C- 
( : N*NH*C0-NH2)CH3, m.p. 156°, is obtained from mesityl oxide and semi- 
carbazide in neutral or alkaline solution. In acid solution, on the other hand, 
the compound Me 2 C(NH*NH CO-NH2)CH2-C( : N-NH CO*NH2)CH8, m.p. 221°, is 
obtained. The semicarbazide residue attached to the ketonic carbon atom can 
be removed by benzaldehyde with the formation of mesityl oxide semicarbazide. 
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MejC(NH*NH CO-NH)-CHj-CO*CH 3 . Under certain conditions a compound^ m.p. 
131 °, isomeric with the semicarbazone can be obtained. This is probably a 
pyrazoline derivative (Ber. 36 , 4377 : 42 , 4503 : J.C.S. 103 , 377). 

Allyl acetone, CH 2 : CH-CHa*CH 2 COCH 3 , is obtained from allyl acetoacetic 
ester. It is isomeric with mesityl oxide (C. 1898, II. 603 : Ber. 33 , 1472). 

Methylheptenone, (CH 3 ) 2 C=^CH*CH 2 *CH 2 COCH 3 , b.p. 173°, is found in a 
number of ethereal oils which contain citral, linalool, and geraniol. It results 
from the distillation of cineolic anhydride (Vol. II). Synthetically it can be 
produced by the action of podium hydroxide solution on the reaction product 
of sodium acetylacetone and amylene dibromide, (CH 3 ) 2 CBr*CH 2 CH 2 Br (Ber. 29 , 
R. 590). It is also prepared from dimethylallylacetoacetic ester, the result of 
the reaction between acetoacetic ester and amylene dibrornide, and sodium 
ethoxide solution (Ber. 34 , 594). It possesses a penetrating odour like amyl 
acetate. Oxidation with KMn 04 breal^ it down to acetone and Isevulinic acid ; 
zinc chloride produces dihydro -m-xylene (Ann. 258 , 323 : Ber. 28 , 2115, 2126). 

-Octadien-^-one. — Sorbic ethyl ketone^ CH3 CH : CH-CH : CHUO-CaHj, b.p. 
93°/26 mm., is prepared from sorbyl chloride and zinc ethyl (Ber. 34 , 2222). 

Condensation of the respective ajS-olefine aldehydes (p. 253) with acetone 
leads to the formation of the following diolefine ketones (Ber. 28, R. 608 : C. 1906, 
II. 1112) : 

(1) y Methyl- A^-octadien-l,.one, CH,CH : C(CH 5 )CH : CHCOCH,, b.p. 92‘’/12 
mm. 

(2) h-Methyl-A'^^‘7wnadie7i^ri-o7ie, (CH,)CH2CH : C(CH3)CH : CHCO-CHg, b.p. 
97°/8 mm. 

( 3 ) ^■Methyl-(.-\sopropyl-A^^-decadien-i-one, {C 3 H,)CH,CH : C(C,H,)CH : CH- 
COCH,. 

BoUing with zinc chloride gives rise to benzene derivatives with varying 
facihty ; (1) no condensation ; (2) a bad yield ; (3) a better one (see Vol. II), 

Diallylacetone, CH 2 = CH CH 2 CH 2 COCH 2 -CH 2 CH = CH 2 , b.p. 116°/70 mm., 
is prepared from diallylacetono carboxylic ester (comp. Oxotone). 

pseudo is also a diolefine ketone, and is described in Vol. II, together 
with the olefine terpenes. 

(c) ACETYLENE KETONES 

These are obtained by the action of acid chlorides on sodium compounds 
of alkyl acetylene. 

Acetyloenanthylideyie^ CH 8 [CH 2 ] 4 C ^ C-COCHg, b.p. 93°/18 mm., is obtained 
from sodium oenanthylidene and acetyl chloride. It possesses an irritating odour. 
Dilute HjS 04 converts it into acetyl caproyl methane, CH 3 [CH 2 ] 4 CO-CH 2 COCHj 
(C. 1900, II. 1231, 1262). Hydroxyiamine and hydrazines combine with the 
acetylene ketones, forming isoxazoles and pyrazoles respectively (C. 1903, 11. 122 : 
1904, I. 43). 



4. MONOBASIC CARBOXYLIC ACIDS 


The organic acids are characterized by the group, -CO -OH, called 
carboxyl, of which the hydrogen can be replaced by metals and 
alcohol radicals, forming salts and esters. 

The number of carboxyl groups present in them determines their 
basicity, and distinguishes them as mono-, di-, tri-basic, etc., or as 
mono-, di-, and tri-carboxylic acids : 

CH3C0,H CaHs^OjH. 

\CO3H 

Acetic acid Malonic acid Tricarballylic acid 

(monobasic). (dibasic). (tribasic). 


According to Hantzsch (Ber. 50, 1422) the old formulation of the 
carboxyl group as — unsatisfactory. According to him, two 
forms of the carboxyl group are to be recognized : 

I. Derivatives of the 7 >,sf’?/docarboxylic acids, B from which 

the non -dissociating esters are derived. 

II. Derivatives of the true carboxylic acids R C<^q|h from which 
the salts R C<^q|m are derived. 

In the free carboxylic acids an equilibrium exists between the two 
forms, determined by their dissociation and the solvent in which they 
are dissolved. 

In the second form, the hydrogen atom is linked to the two oxygen 
atoms in the second sphere by two subsidiary ionized valencies in 
Werner’s scheme. The great mobility of the hydrogen atoms in the 
acids and the metallic atoms in the salts is thus explained. The 
view of Hantzsch is further supported by the totally different 
optical behaviour of the esters on the one hand and the salts on 
the other. 


The evidence, however, seems opposed to the view that the formula 
of the carboxyl group could be represented as — which is the 


electronic representation of Werner’s type II (see Sidgwick, Elec- 
tronic Theory of Valency, Oxford, 1927, p. 252). 

The saturated monobasic acids can be looked on as being com- 
binations of the carboxyl group with alcohol radicals ; they are 
ordinarily termed fatty acids. They correspond with the saturated 
primary alcohols and aldehydes. 

The unsaturated acids of the acrylic acid and propiolic acid series. 
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corresponding with the unsaturated primary alcohols and aldehydes, 
are derived from the fatty acids by the loss of two and four hydrogen 
atoms. 

The following classes will be described : 

A. Paraffin monocarboxylic acids ^ CnHjnOj, formic acid or acetic acid 

series. (Fatty acids.) 

B. Olefine monocarboxylic acids, CnH2n-202» oleic or acrylic acid 

series. 

C. Acetylene monocarboxylic acids, CnH^n-^Oj, propiolic acid series. 

D. Diolefine carboxylic acids, CnH 2 n- 402 . 

Nomenclature. — The “ Geneva nomenclature ” deduces the names 
of the carboxylic acids from the corresponding hydrocarbons ; thus 
formic acid is [methane acid] and acetic acid is [ethane acid], etc. 

The radical of the acid is the residue in combination with the 
hydroxyl group : 

CH3CO— CH3CH2CO— CHjCHjCHjjCO— 

Acetyl. Propionyl. Butyryl. 

The names of the tri valent hydrocarbon residues, which in the 
acid residues are united with oxygen, are indicated by the insertion 
of the syllable “ en ” into the names of the corresponding alcohol 
radicals : 

CHa-C = CHaCHj-C s CHa-CHj-CHa-C ^ 

Ethenyl. Propenyl. n-Butenyl. 

The group CH=:e is called the methenyl group or the methine 
group. 

Derivatives of the Monocarboxylic Acids, — Numerous classes 
of bodies can be derived by changes in the carboxyl group. In con- 
nection with the fatty acids mention will only be made of the salts. 
The other classes of derivatives will be considered separately after 
the fatty acids themselves. They are : 

(1) Esters, resulting from the replacement of hydrogen in the 
carboxyl group by alcohol radicals (p. 310). 

(2) Chlorides (bromides, iodides, and fluorides), which are com- 
pounds of the acid radicals with the halogens (p. 314). 

(3) Acid anhydrides (p. 317), compounds of the acid radicals with 
oxygen. 

(4) Acid peroxides (p. 319). 

(5) Thio-acids (p. 319). 

(6) Carbithionic acids. 

(7) Acid amides (p. 321), compounds of the acid radicals with 
NH 2 . 

(8) Acid nitriles (p. 324). 

Hence acetic acid yields the following : 

CHjCOjCjH* CHjCOCl (CH, -00)30 

Ethyl acetate. Acetyl chloride. Acetic anhydride 

CH3COSH CHj-CSSH OHj-CONH, 

Thioacetic acid. Methyl carbithionic Acetamide, 

acid. 


(CH 3 C 0 ), 0 , 
Acetyl peroxide. 

CH,-CsN. 

Acetonitrile. 



MONOBASIC CARBOXYLIC ACIDS 


279 


The less important derivatives of the fatty acids belong to the following 
classes, which will be described later : 

CH^Ckf /N 

\NHNH. \n/ II \nH, 


Acetohydrazidc. 

/Cl 

CH3C< 

^NH 

Acetimide chloride. 

/SC3H3 

CH3C/ 

Thioacetimido 

ether. 

/NO 

CH3C4 

^NOH 

Acetonitroaolic 

acid. 


^NOH 
Acetamide oxime. 


\N 

[Acetazide]. 

/OC,H. 

Acetimido-ether. 

/OH 

CH3C4 

^NOH 

Acetohydroxamic 

acid. 

/NO3 

CHeC/ 

^NOH 

Ethyl nitrolic 
acid. 

/NH, 

Acetaraidine. 

/N : NC3H3 
CH3C/ 

^NNHCeHg 
Methyl forraazyl. 


Acetamide chloride. 


Thioacetamlde. 

/NHOH 

CH,C4 

^NOH 

Acetohydroxami c 
oxime. 


"^NOH 


Acetohydroxlmic 
acid chloride. 


CH3C4 

^NNHC^Hj 

Acetohydrazldine. 


Aromatic carboxylic acids, especially benzoic acid, are particularly 
suitable for the preparation of carboxylic acid derivatives, and various 
classes of substances which actually belong here, have been discovered 
and more closely studied in the aromatic series. Benzoic acid trans- 
mits its own facility in crystallization to its derivatives, so that the 
process of investigation becomes the easier. 

Similarly, the aromatic amines and hydrazines, such as aniline, 
toluidine, and phenylhydrazine, are more easily prepared and more 
convenient to manipulate than the corresponding aliphatic com- 
pounds, so that in this direction also the benzene derivatives have 
been more closely investigated than the simple methane compounds. 

Numerous derivatives are also obtained by the replacement of the 
hydrogen atoms in the radical combined with hydroxyl by other 
atoms or groups. The halogen substitution products will be described 
under the fatty acids, after the discussion of the various classes men- 
tioned in the preceding paragraphs. 

The fatty acids can be recovered from all of the above classes of 
derivatives by simple reactions. 

It has already been indicated under the oxygen derivatives of the 
methane hydrocarbons, that aldehydes, ketones, and carboxylic acids 
may be considered to be anhydrides of theoretical, non-existing dihydric 
or trihydric alcohols, in which the hydroxyl groups are attached to 
the same carbon atom (p. 46). 

The trihydric alcohols, corresponding with the carboxylic acids, 
do not exist, but ethers of them are known, as are the ethers derived 
from the hydrated forms of the aldehydes (acetals, p. 241). The 
hypothetical, trihydric alcohols, of which the carbonic acids may be 
considered anhydrides, have been called ortho acids, just as tribasio 
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phosphoric acid is termed orthophosphoric acid (Ann. 139 , 114 : Jahres- 
bericht. 1859, 152 : Ber. 2 , 115). This designation has also been 
applied to the orthoaldehydes and orthoketones. 

It is customary, therefore, to speak of orthoformic esters (the 
esters of tribasic formic acid), and of formic acid (which, in view of 
the relation of orthophosphoric to metaphosphoric acid, PO(OOH), 
might be termed metaformic acid) and of formic acid esters : 


/OH 

HC^OH 

\CH 

[Orthoformic acid.l 
Unknown. 


/OC.Hg 

HC^OC,H, 

Ethyl orthoformate. 


/OH 

Formic acid. 


CH 


/OC.H, 

%0 


Ethyl formate. 


The chloride, bromide, and iodide corresponding with orthoformic 
acid are chloroform, bromoform, and iodoform ; further derivatives 
are nitroform and orthotrithioformic ester : 


/Cl .NO, /SC,H5 

HC^l HC^NO, HC^CoH. 

\ci \no' \sc,H3 

Chloroform. Nitroform. Ethyl orthotrithioformate. 

The ortho-acid derivatives will be discussed immediately following 
the derivatives of ordinary formic acid. 

Comparably to the above, substances are known which are derived 
from orthoacetic acid, CH 3 C(OH) 3 : 

CH3C(0C,H5)3 CH3CCI3 CH3C(N03)3 CH3C(NC3Hi,)3 

Ethyl orthoacebate. Methyl Methyl Orthoacetic 

chloroform. nitroform. piperidide. 

In many reactions of the carboxylic acids and their derivatives 
(esterification, hydrolysis of esters, amides, acid chlorides, etc.), the 
ortho-acid derivatives play an important part as unstable intermediate 
compounds. 


A. MONOBASIC SATURATED ACIDS, PARAFFIN 
MONOCARBOXYLIC ACIDS, CnHin+rCOaH 

Formic acid, H CO-OH, is the first member of this series. The 
radical HCO, which, here, is muted to hydroxyl, is called formyl. 
This acid is distinguished from all its homologues and the unsaturated 
monocarboxylic acids, in that it exhibits not only the character of a 
monobasic acid, but also that of an aldehyde. To express in a name its 
aldehyde character the acid might be designated hydroxy formaldehyde, 
HOCHO. 

FORMIC ACID AND ITS DERIVATIVES 
It is not only the aldehyde character which distinguishes formic 
acid from acetic acid and its homologues, but also the absence of 
a chloride and anhydride, corresponding with acetyl chloride and 
acetic anhydride (q.v.). The withdrawal of water from formic acid 
leads to the formation of carbon monoxide, a reaction which does 
not take place in the case of any of the higher homologues. (Com- 
pare, however, the ketens, which may be regarded as internal an- 
hydrides of the fatty acids.) Hydrocyanic acid, the nitrile of formic 
acid, has an acid nature, and therein differs from the indifferent 
nitriles of the homologous acids. Formic acid is twelve times stronger 
than acetic acid, as is shown by the dissociation constants {Ostwald), 
Carbon monoxide, and its nitrogen-containing derivatives, the iso- 
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nitriles or carbylamines, C=N — R', and fulminic acid, C=NOH, will 
be described after formic acid. 

Formic acid, H-CO-OH [Methane acid], is found free in ants, 
in the procession caterpillar, Bomhyx processionea, in pine needles, 
and in various animal secretions (perspiration), from all of which it 
may be obtained by distillation with water. It is almost certainly 
not present in stinging nettles. 

It is produced in the laboratory : 

(1) By the oxidation of methyl alcohol and formaldehyde (Ber. 
36 , 3304) : 

H CHaOH — -- V H CHO — ^ H CO^H. 

(2) By heating hydrocyanic acid, the nitrile of formic acid, with 
alkalis or acids : 

HCN + 2H2O - HCOOH + NHg. 

(3) By boiling chloroform with alcoholic potassium hydroxide 
{Dumas) : 

CHCI3 + 4KOH = HCOOK -f 3KC1 + 2H2O. 

(4) From chloral (Liebig), (5) from acetaldehyde disulphonic acid 
(see p. 247), and (6) from propargylic aldehyde (p. 255) and sodium 
hydroxide : 

CCI3 CHO + NaOH - HCCI3 + HCOONa ; 

(S03Na)2CH CH 0 + NaOH - (S03Na)2CH2 + HCOONa ; 

CHh-C CHO + NaOH - CH=CH + HCOONa. 

(7) The direct production of formates by the action of CO on 
concentrated potassium hydroxide at 100°, or more easily on soda- 
lime at 200-220°, is of technical importance (Berthelot, Ann. 97 , 125 : 
Oeuther, Ann. 202 , 317 : Merz and Tibiri^d, Ber. 13 , 718) : 

CO 1 NaOH - HCO ONa. 

By working at high pressures the reaction proceeds at an appre- 
ciably lower temperature (D.R.P. 86419). The source of carbon 
monoxide on the large scale is “ producer gas ” obtained by incom- 
plete combustion of coal. 

Anhydrous formic acid is obtained from the formates prepared as 
above by treatment with sulphuric acid (C. 1905, I. 1701) or better, 
with sodium bisulphate (C. 1908, I. 998). 

Similarly, ammonium formate is produced by passing a mixture 
of CO and NHg over heated catalysts (C. 1895, I. 367). 

(8) By action of acids on ^’socyanides or carbylamines (p. 293) : 

CNCgHg + 2H2O = HCOgH + C2H5NH2. 

(9) From fulminic acid by means of concentrated hydrochloric 
acid (see formohydroxamic chloride, p. 289), hydroxylamine hydro- 
chloride being formed simultaneously : 

C : N OH -f 2H2O -f HCl = H CO^H + NH3OH HCI. 

(10) By the action of potassium on moist carbon dioxide {Kolbe 
and Schmitt, Ann. 119 , 251) : 

3CO3 + 4 K + H3O = 2 HCOOK + K3CO3. 

Formates are also produced by the action of sodium amalgam or 
electrolytic hydrogen (Ber. 38, 4138 : 47, 256, 541) on aqueous solu- 
tions of bicarbonates ; likewise on boiling zinc carbonate with potas- 
sium hydroxide and zinc dust. 
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Potassium hydride combines at ordinary temperatures with CO 2 , 
forming HCOOK. At higher temperatures (80°) there results a mix- 
ture of potassium formate and oxalate (C. 1905, II. 29). Potassium 
formate is also formed when CO and are passed together over heated 
potassium {Moissan, C. 1902, I. 568) : 

2CO 4 * KH = HCOjK + C. 

(11) From Oxalic Acid . — Before the development of the methods 
described under (7), formic acid was usually made by heating glycerol 
with oxalic acid, and this preparation is frequently now carried out 
as an exercise in the laboratory. 

The mechanism of the reactions between glycerol and oxalic acid 
have been carefully investigated by Chattaway (J.C.S. 105 , 151 : 
107 , 407) and can be conveniently dealt with here. 

The ^st products formed from the glycerol and oxalic acid are, 
as would be expected, the acid oxalate (I) and normal oxalate (II) 
of glycerol. The existence of these esters in the reacting mixture is 
shown by the isolation of oxamic acid (from (I)) and oxamide (from 
(II)) by the action of ammonia, and oxanilic acid and oxanilide by 
the action of aniline. 

The acid oxalate (I) breaks down on heating into glycerol mono- 
formin (HI), from which by the action of excess of oxalic acid, formic 
acid and more acid oxalate are produced. That this, rather than 
the traditional hydrolysis of the monoformin by water from the 
crystallized oxalic acid is the correct explanation is shown by the fact 
that formates yield formic acid by the action oif anhydrous oxalic acid. 

Similarly, the normal oxalate (II) breaks down on heating into 
allyl alcohol and CO 2 . The presence of small quantities of allyl 
formate in aUyl alcohol prepared by this method is due to the break- 
down of the ester (IV) which is also formed in small amount. By 
the use of appropriate conditions, either formic acid or allyl alcohol 
can be prepared. 

CaHJOH), -4- (C00H)2 



CH 20 H 

CHjOCO 

CHa'OCO 

1 

CHOH 

1 j 

CHOCO 

1 j 

CH O CO 

1 

CHO'COCOjH 

j 

CHjOH 

1 

CHa-OCO-COaH 

(I) 

(II) 

(IV) 

^heat 

l^heat 

4 

CH,OH 

CHj 

CH.-OCO 

1 

CHOH + CO, 

II 

CH 4* 2COa 

1 1 

CH O- CO + CO, 

1 

CHOCHO 

j 

CH,OH 

I 

CH,OCHO 

1 

(III) 

AUyl 

I Excess 
^ oxalic acid. 

alcohol. 

i 

H COOH -f (I) 


CH, 

P'onnic acid. 


II 

CH + 2CO, 

1 

CH,OCHO 

Allyl formate. 



MONOBASIC SATURATED ACIDS 


283 


The acid prepared by this method is at first very dilute, but later 
the distillate contains 56% of formic acid. If anhydrous oxalic acid 
is employed from the beginning, formic acid of 95-98% content is 
obtained. 

To obtain anhydrous formic acid from the aqueous solution, the 
acid is neutralized with lead oxide or lead carbonate and the lead 
formate decomposed at 100® with H 2 S. 

Properties , — Formic acid is a mobile liquid which possesses a pun- 
gent odour and causes blisters on the skin. It melts at + 8*4° and 
boils at 100*6®/760 mm. Djo = 1’2199. It mixes in all proportions 
with water, alcohol and ether, and yields the hydrate 4 CH 2 O 2 + SHaO, 
which boils at 107*1®, with dissociation into formic acid and water. 
Concentrated hot sulphuric acid decomposes formic acid into carbon 
monoxide and water. A temperature of 160° suffices to break up 
the acid into carbon dioxide and hydrogen. The same change may 
occur at ordinary temperatures by the action of finely-divided rho- 
dium, iridium, and ruthenium, but less readily when platinum sponge 
is employed. 

The aldehydic nature of formic acid explains its reducing property, 
its ability to precipitate silver from a hot neutral solution of silver 
nitrate, and mercury from mercuric nitrate, being itself oxidized to 
carbon dioxide : 

yH o /OH 

HO C^^ > CO2 + HjO. 

Formates, excepting the sparingly soluble lead and silver salts, are readily 
soluble in water. Lead formate, (HC02)2Pb, crystallines in beautiful needles 
and dissolves in 30 parts of cold water. Silver formate, HCOgAg, rapidly blackens 
on exposure to light. 

Decomposition of Formates. — 1. The alkali salts, heated to 250°, are converted 
into oxalates with evolution of hydrogen ; 

2HCO2K = (COgK)^ H- Hg. 

2. Potassium formate, when heated with an excess of potassium hydroxide, 
decomposes with the formation of carbonate and the liberation of pure hydrogen ; 

H COjK -f KOH = K2CO3 -f H2. 

3. The ammonium salt, heated to 230°, passes into formamide ; 

H COaNH. H CONHg. 

It may be distilled under reduced pressure without decomposition. 

4. The silver salt and mercury salt, when heated, decompose into the metal, 
carbon dioxide and formic acid (C. 1905, II. 304) : 

2HCOaAg = 2Ag + CO, + 

5. The calcium salt, when heated with the calcium salts of higher fatty acids, 
yields aldehydes (p. 226). 

6. Zinc formate and other formates undergo an intramolecular dismutation 
when heated at about 240° with formation of formaldehyde in good yield (Ber. 
51, 1398) : 

Zn(O CHO)2 ^ ZnCOg -f HCHO. 

Esters of formic acid are prepared (1) from formic acid, alcohol, and 
hydrochloric or sulphuric acid ; (2) from sodium formate and hydrochloric 
or sulphuric acid ; (3) from a mixture of formyl acetic anhydride, or acetyl 
formyl oxide, HCOOCOCHg, and alcohols (C. 1900, II. 314) ; (4) from glycerol, 
oxalic ewid, and alcohol. They are agreeably -smelling liquids. 

Methyl formate, m.p. — 100% b.p. 32*6° (Ber. 33, 638). 
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Ethyl fonnatt y b.p. 54*4°. This ester serves in the manufacture of artificial 
rum and arracrk, and for the union of the formyl group with organic rculicals 
(see Formyl acetone, etc.). 

n-Propyl esteVy b.p. 81°. n-Butyl eater y b.p. 107°. For higher esters consult 
Ann. 233, 253 ; C. 1900, II. 314. Allyl eatery b.p. 90°. 

Formamide, HCO NH^, b.p. 192-195°, with partial decomposition, b.p. 
90°/10 mm., is obtained (1) by heating ammonium formate (see above) to 230° 
(Ber. 12, 973 : 15, 980), or (2) ethyl formate with alcoholic ammonia to 100° ; 
(3) by boiling formic acid with ammonium thiocyanate (Ber. 16, 2291). It 
consists of a thick liquid, miscible with water, alcohol, and ether. Heated 
rapidlj^ it breaks down into CO and NH3 ; liberates hydrocyanic acid from 

it. It combines with chloral (p. 238) to form chloral formamide y CCl3*CH(OH)- 
NHCHO, m.p. 118°, which is employed as a narcotic under the name “ chloral^ 
amide,"' 

Mercuric oxide dissolves in it with the formation of mercury Jormamidcy 
(CHO-NH)2Hg. It is a feebly alkaline liquid, sometimes applied as a sub- 
cutaneous injection. For sodium forttiamidcy see C. 1898, I. 927. 

Formethylamidey CHO-NH-CgHg, b.p. 199°, is obtained from ethyl formate, 
also by distilling a mixture of ethylamine with chloral : 

CCI3 CHO -f NHj CaHg = CHO NH-C^Hg + HCCI3. 

Formally tamidcy b.p. 109°/15 mm. (Ber. 28, 1666). 

Formylhydrazinfy HCO-NHNH,, m.p. 54°, is obtained from formic ester and 
hydrazine. It yields triazole (Ber. 27, R. 801) when heated with formamide. 

Diformythydrazincy HCONH-NHCOH, m.p. 106°, is obtained from an excess 
of formic ester and hydrazine, when heated to 130° (Ber. 28, K. 242). Its lead 
salt with ethyl iodide yields d if or myldiethyl hydrazine (Ber. 27, 2278). 

Hydrocyanic acid, hydrogen cyanidcy prussic acidy formonitrile, 
HCN, the nitrile of formic acid, was discovered by Scheele in 1782. 
Gay-Lussac y in 1811, obtained it anhydrous, in the course of his 
memorable investigations upon the radical cyanogen. In hydrogen 
cyanide he recognized the hydrogen derivative of a radical, consist- 
ing of carbon and nitrogen, for which he suggested the name cyanogenc 
{xvavoQy blue, yewdo}, to produce). 

It occurs free in all parts of the Javanese tree, Pangium eduky 
Reinw. (Ber. 23, 3548). It is obtained (1) from amygdalin {q.v.)y a 
glucoside contained in bitter almonds, which, under favourable con- 
ditions, takes up water and breaks down into hydrocyanic acid, glucose, 
and benzaldehyde (Liebig and Wohlery Ann. 22, 1) : 

+ 2H2O HCN + CeH5CHO + 2C«Hi20e. 

Amygdalin. Benzaldehyde. Glucose. 

(2) By the action of phosphorus pentoxide on formamide ; 

H CONH2 - HjO HCN. 

(3) By the action of electric sparks on a mixture of acetylene 
and nitrogen (Berthelot) or by passing the mixture through an electric 
furnace (C. 1902, I. 525) : 

CH i CH + N3 2HCN. 

(4) By the action of the silent electric discharge on a mixture of 
cyanogen and hydrogen : 

(CN)j + Ha y 2HCN. 

(5) Ammonium cyanide is formed by heating chloroform with 
ammonia under pressure : 

CHCl, -h 5NH, 


> NH4CN + 3NH4CI. 
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(6) By boiling formaldoxime with water : 

CH2 : NOH HCN + H2O. 

(7) Hydrocyanic acid is prepared from metallic cyanides, usually 
potassium ferrocyanide, by the action of dilute sulphuric acid : 

2 K 4 Fe(CN )6 + SH^SO^ = K2Fe2(CN)e + -f 6HNC. 

The aqueous acid thus obtained may be dehydrated by distillation 
over calcium chloride or phosphorus pentoxide. 

Properties. — Anhydrous hydrogen cyanide is a mobile liquid, b.p. 
26-5“, m.p. ~ IS'", Di 8 = 0*697. It is an endothermic compoimd 
with a heat of formation — 27*5 Cals, per Mol., and under strong 
excitation can be caused to detonate. 

It possesses a peculiar odour resembling that of oil of bitter almonds, 
and is extremely poisonous. 

It is a feeble acid, imparting a faint red colour to blue litmus. 
Carbon dioxide decomposes its alkali salts. Like the halogen acids, 
it reacts with metallic oxides, producing cyanides. From solutions 
of silver nitrate it precipitates silver cyanide, a white, curdy precipitate. 

Reactions. — (1) The aqueous acid decomposes readily on standing, 
yielding ammonium formate and brown substances. The presence of 
a very slight quantity of stronger acid renders it more stable. When 
warmed with mineral acids it breaks up into formic acid and ammonia : 

HNC + 2H2O - HCOOH + NH3. 

(2) Dry hydrocyanic acid combines directly with the gaseous 
halogen acids to form crystalline compounds (p. 289) (J.C.S. 1930 , 
1834). The acid also unites with some metallic chlorides, e.g. FeaClg, 
SbClg. 

(3) Nascent hydrogen (zinc and hydrochloric acid) reduces it to 
methylamine (p. 196). 

(4) Hydrocyanic acid unites with aldehydes and ketones to form 
cyanohydrins, the nitriles of a- hydroxy-acids. This rather important 
synthesis is especially interesting for the building up of the aldoses. 

(5) Hydrocyanic acid, or potassium cyanide, unites with many 
a/3- unsaturated carboxylic acids and a/3-olefine ketones, producing 
thereby saturated nitrilo-carboxylic acids and nitrilo-ketones (Ann. 
293 , 338 : Ber. 37, 4065 : C. 1905, I. 171). 

(6) When hydrocyanic acid and hydrogen chloride react with many 
phenolic compounds in presence of anhydrous aluminium chloride, 
the aldimines of hydroxyaldehydes are formed and can be readily 
hydrolysed to the aldehyde {Gatterman : see also Vol. II) : 

CeHfiOH 4- HCN + [HCIJ ^ : NH + [HCl]. 

(7) Formimido ethers, NH : CH(OR) (p. 288), are obtained in the 
form of their hydrochlorides by the action of HCl on a mixture of 
an alcohol and anhydrous HCN : formamidoxime, H'C(: NOH)NH 2 
(p. 289), is formed when an alcoholic solution of hydrocyanic acid 
and hydroxylamine is evaporated to dryness. 

Constitution of Hydrocyanic Acid. — ^Two formulae have to be con- 
sidered for hydrocyanic acid, for each of which a number of reactions 
afford support : 

(1) H*C : N, in which the compound is represented as the nitrile 
of formic acid (nitrile formula). 
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(2) H-N : C, in which the compound is represented as the imine 
of carbon monoxide (t^onitrile formula). 

The first formula is supported by the formation from formamide 
and by the formation of ammonium formate on hydrolysis, and by 
the fact that methylation by diazomethane leads chiefly to the pro> 
duction of acetonitrile, CHg-C : N. On the other hand, a series of 
addition reactions with halogens, oxygen, sulphur agree better with 
the second formula, which was put forward by Nef . The high toxicity 
of hydrogen cyanide is also in keeping with the isonitrile formula. 

The use of physical methods has not succeeded in solving the 
constitution. The evidence so far supports the existence of an equi- 
librium : H-CN H NC in free hydrocyanic acid, the equihbrium 

at ordinary temperatures being chiefly in the direction of the left- 
hand side, only traces of the isonitrile being present under these 
conditions (J.C.S. 121 , 1604 : see also J.C.S. 1928 , 540 : discussion 
on the present knowledge of the subject, see Ber. 54 , 1709). 

Polymerization of Hydrocyanic Acid. — When the aqueous acid stands 
for some time in contact with alkah hydroxides, or with alkali car- 
bonates, or if the anhydrous acid be mixed with a small piece of 
potassium cyanide, not only brown substances separate, but also white 
crystals, soluble in ether, and having the same percentage composi- 
tion as hydrocyanic acid. Inasmuch as they break down, on boiling, 
into glycocoU, NHj-CHgCOaH, carbon dioxide and ammonia, they are 
assumed to be the nitrile of aminomalonic acid, (CN) 2 CHNH 2 (Ber. 7, 
767). They decompose at 180°, with explosion and partial re-forma- 
tion of hydrocyanic acid. 

Detection. — To detect small quantities of free hydrocyanic acid or its soluble 
salts, the solution under examination is saturat/Od with potassium hydroxide, a 
solution of a ferrous salt, containing some ferric salt is added, and the mixture is 
boiled for a short time. Hydrochloric acid is added to dissolve the precipitated 
iron oxides ; if any insoluble Prussian blue should remain, it would indicate the 
presence of hydrocyanic acid. The following reaction is more sensitive. A few 
drops of yellow ammonium sulphide are added to the hydrocyanic acid solution, 
and this then evaporated to dryness. Ammonium thiocyanate will remain, and 
if added to a ferric salt, will colom ii- a deep red. 

Salts of Hydrocyanic Acid. — Cyanides and Double Cyanides . — 
The importance of the cyanides and double cyanides in analytical 
chemistry explains the reason for the discussion of hydrocyanic acid 
and its salts in inorganic text- books. In organic chemistry the 
metallic cyanides serve for the introduction of the cyanogen group 
into carbon compounds (comp, acid nitriles, a-ketone acids, etc.). 

The alkali cyanides may be formed by the direct action of these 
metals on cyanogen gas ; thus, potassium burns with a red flame in 
cyanogen, at the same time yielding potassium cyanide, CjNg + Kg 
= 2KNC. They are also produced when nitrogenous organic sub- 
stances are heated together with alkali metals. The strongly basic 
metals dissolve in hydrocyanic acid, forming cyanides. A more 
common procedure is to act with the acid on metallic oxides and 
hydroxides : 

HNC + KOH = KNC + HgO ; 2HNC -f HgO - Hg(CN)a -f HgO. 

The insoluble cyanides of the heavy metals are obtained by the double 
decomposition of the metallic salts with potassium cyanide. 
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The cyanides of the light metals, especially the alkali and alkali 
earths, are easily soluble in water, react alkaline, and are decomposed 
by acids, even carbon dioxide, with elimination of hydrogen cyanide ; 
yet they are very stable and undergo no change even at a red heat. 
The cyanides of the heavy metals, however, are mostly insoluble, and 
are only decomposed by strong acids. When ignited, the cyanides of 
the noble metals undergo decomposition, breaking up into cyanogen 
gas and metals. 

The following simple cyanides are especially important in organic 
chemistry : 

Alkali Cyanides. — Sodium cyanide is manufactured by the action 
of carbon on sodamide (Castner’s process). The reaction takes place 
in two stages : 

(1) At 400°. 2NaNH2 + C 211, + Na N : C : N-Na. 

(Sodium cyanamlde.) 

(2) At 600°. Na-N : C : N*Na + C ^ 2NaCN. 

Various other methods are used for the preparation of sodium and 
potassium cyanides, which are described in text-books of Inorganic 
Chemistry. 

Reactions of the Alkali Cyanides. — ^Their aqueous or alcoholic solu- 
tions become brown on exposure to the air, and decompose, more 
rapidly on boiling, into formates and ammonia. When fused in the 
air, as well as with easily reducible metallic oxides, the salts take up 
oxygen and are converted into cyanates (g.v.). On being melted with 
sulphur they form thiocyanates {q.v.). When the alkyl halides or 
salts of alkylsulphuric acids are heated with potassium cyanide, acid 
nitriles with varying amounts of isomeric carbylamines, or isonitriles 
are produced. Many organic halogen substitution products are con- 
verted into nitriles through the agency of potassium cyanide. Ethyl 
hypochlorite and potassium cyanide yield chlorimidocarbonic ester 
(Am. 287 , 274). 

Ammonium cyanide, NH 4 NC, is formed by the direct union of HNC with 
ammonia, by heating carbon in ammonia gas ; by the action of ammonia on 
chloroform (p. 290) ; by the action of the silent electric discharge on methane 
and nitrogen ; and by conducting carbon monoxide and ammonia through red- 
hot tubes. It is best prepared by subliming a mixture of potassium cyanide 
or dry ferrocyanide with ammonium chloride. It consists of colourless cubes, 
easily soluble in alcohol, and subliming at 40°, with partial decomposition into 
NHg and HNC. When preserved it becomes dark in colour and decomposes. 
It unites with aldehydes and ketones with the elimination of water to form 
a-aminonitriles, e.g. with formaldehyde it forms methyleneaminoacetonitrile, 
CHj : N CHg CN. 

Mercuric cyanide, Hg(CN) 2 , is obtained by dissolving mercuric oxide in 
hydrocyanic acid, or by boiling Prussian blue (8 parts) and mercuric oxide (1 
part) with water imtil the blue coloration disappears. It dissolves readily 
in hot water (in 8 parts cold water), and crystallizes in bright, shining, quadratic 
prisms. When heated it yields cyanogen and mercury. It forms acetyl cyanide, 
CHj-CO-CN, with acetyl chloride. 

Silver cyanide, AgNC, combines with alkyl iodides to yield addition products, 
which pass into wnitriles when they are heated (p. 293 ; C. 1903, II. 827). 

The chief use of potassium cyanide is in the preparation of acid 
nitriles of various kinds, by reaction with alkyl halides, alkyl sulphates, 
and halogen substitution products of the fatty acids. In many in- 
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stances mercury cyanide or silver cyanide is preferable, e.g, in the 
formation of a-ketonic nitriles from acid chlorides or bromides. It is 
interesting to note that by the interaction of alkyl iodides and silver 
cyanide honitriles or carbylamines are formed ; in them the alcohol 
radical is joined to nitrogen. 

Compound Metallic Cyanides. — The cyanides of the heavy 
metals, insoluble in water, dissolve in aqueous potassium cyanide, 
forming crystallizable double cyanides, which are soluble in water. 
Most of these compounds behave like double salts. Acids decompose 
them in the cold, with liberation of hydrocyanic acid and the precipi- 
tation of the insoluble cyanides : 

AgCN KCN -I- HNO 3 - AgCN + KNO 3 + HNC. 

In others, however, the metal is in more intimate union with the 
cyanogen group, and the metals in these cannot be detected by the 
usual reagents. Iron, cobalt, platinum, also chromium and man- 
ganese in their most highly oxidized state, form cyanogen derivatives 
of this class. The stronger acids do not eliminate hydrocyanic acid 
from them, even in the cold, but the corresponding acids are set free, 
and these are capable of producing salts : 

K 4 Fe(CN )3 + 4HCI = H 4 Fe(CN)« 4KC1. 

The most important compound metallic cyanides, particularly 
potassium ferrocyanide or yellow prussiate of potash, and potassium 
ferricyanide or red prussiate of potash, are described in inorganic 
text-books. 

Hydroferrocyanic acid, H 4 Fe(CN) 6 , is precipitated by ether, from 
its solution in alcohol, as a pure white compound with ether (C. 1900, 
II. 1151). This is decomposed at 90"" in vacuo. It is assumed that 
the union with ether occurs at the oxygen atom, which behaves as 
a tetravalent atom (comp. p. 156 : Ber. 34, 3612 : 35, 93) : 

esterification of H 4 Fe(CN)o, see Monatsh. 48, 71. 

Sodium Nitroprusside, Fe(CN)^(NO)Na 2 + 2 H 2 O. — Hydronitro- 
prussic acid is formed when nitric acid acts on potassium ferrocyanide 
(C. 1897, 1. 909). The filtrate from the potassium nitrate is neutralized 
with sodium carbonate, and yields the sodium salt in beautiful red 
rhombic prisms, easily soluble in water. 

It serves as a very delicate reagent for alkali sulphides and 
hydrogen sulphide, with which it gives an intense violet coloration. 

Formimido -ether formhydroxamic add, formyl chloridoxime, methyl nitrolic 
acid,fonnamidine, thioformethylimide, and formamidoxime are intimately related to 
hydrocyanic acid and formamide. They are representatives of groups of bodies 
which will be discussed in connection with acetic acid and its homologues. 

T-f 

The formlmido-ethers, such as are only known in the form of 

hydrochlorides. They are obtained from hydrocyanic acid, alcohol and HCl 
(Ber. 16 , 354, 1644) : 

HCsN + CjHjOH + HCl = 

If a mixture of mercuric cyanide and chloride be treated with HCl gas in 
alcohol-ether solution, a double salt results, [HC(OC 2 H 5 ) : NHJHCl-HgClj (C. 
1904, 1. 1064). 

Upon standing in contact with alcohols they pass into esters of orthoformio 
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acid (q.v.). They yield amidines with ammonia and amines (primary and 
secondary). 

o-rr 

Thioformethylimide, ^ , b.p. 125°/14 mm., is produced by the 

union of ethyl Mocyanide, in alcoholic solution, with hydrogen sulphide. It is a 
yellow oil (Ann. 280, 297). 

Thioformic acid, HCO-SH, is obtained as its sodium salt when formic 
phenyl ester (Vol. II) is hydrolysed with alcoholic NaSH. The free acid is a 
very unstable liquid, which quickly polymerizes (C. 1905, I. 20). 

NH 

Formamidine, known in the form of salts. Its hydro- 

chloride is obtained ( 1 ) by the action of ammonia on formimidoethyl ether 
hydrochloride (Ber. 16, 375, 1647) : 

+ NH, = hc<nh. hci ^ hoc,h.. 

( 2 ) from formimide chloride, the addition product of hydrochloric acid and 
hydrocyanic acid, when it is digested with alcohol : 

+ 2C^HsOH = + C,H,C1 + HCOAH 5 . 

Formhydroxamic acid, in.p. 80°, is produced when equimole- 

cular quantities of formic ester and hydroxylamine are allowed to stand in a 
solution of absolute alcohol ; also, by the oxidation of methylamine with per- 
sulphuric acid (comp. p. 196) (Bor. 35, 4299). It forms brilliant leaflets, which 
dissolve readily in water and in alcohol, but sparingly in ether. At temperatures 
above its melting-point violent decomposition takes place, a change which occurs 
slowly and completely at ordinary temperatures. The acid yields an intense 
red coloration with ferric chloride. It reduces Fehling’s solution, and its 
mercury salt in dry condition explodes when it is rubbed ; copper salt, HCNO 2 CU 
(comp. Ber. 33, 1975). It has been suggested as the first stage in the photo- 
synthesis of amino-acids (J.C.S. 121, 1078). 

Formyl chloridoxime, Formoxiniinochlorlde, is a beautifully 

crystalline, very easily decomposed compound, with a sharp, penetrating odour. 
It is produced when fulminates (p. 294) are treated, in the cold, with concentrated 
hydrochloric acid. It dissolves in ether. When its solution is warmed with 
concentrated hydrochloric acid, it rapidly decomposes into formic acid and 
hydroxylamine hydrochloride : 

+ 2 H 2 O = + NHjOHHCl. 

In aqueous solution the compoimd readily reverts to fulminates. Silver 
nitrate changes it to silver fulminate and silver chloride. Aniline converts it into 
phenyl Mourotine (Vol. II), and with ammonia it yields cyanoi^onitrosoacet- 
hydroxamic acid, a derivative of mesoxalic acid (Ann. 280, 303). 

A ct'tyl formyl chloride oxime is obtained from the product of reaction between 
acetic aifliydride, formhydroxamic acid and PCI 5 . Silver nitrate converts it 
into silver fulminate, silver chloride, and acetic acid (Ann. 310, 19 : Ber. 38, 
3858). 

NO 

Formonitroxime, Methylnitrolic acid, prepared from: (1) 

nitromethane (p. 180) and nitrous acid, and (2) isonitrosoacetic acid (p. 460) and 
N 2 O 4 . It is decomposed by boiling with water or dilute acids into NgO and 
formic acid, and into HNOg and fuhninic acid (p. 294) (Ber. 40, 418), 

NH 

Formamid oxime, isoU retin, m.p. 114°, is isomeric with urea, 

C 0 (NH 2 ) 2 . It results from the evaporation of an alcoholic solution of hydroxyl- 
arnine and hydrogen cyanide (Lessen and Schifferdecker, Ann. 166, 295). 

Methyli&ouretiny NHgCH : NOCH 3 , m.p. 40°, is prepared from isouretin, 
alkali hydroxide, and iodomethane (Ann. 310, 2). 

Formazyl hydride, hc<n 119-120°, is obtained from 

formazyl carboxylic acid (see p. 542). 

VOL. I. P 
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Derivatives of Orthoformic acid. 

Orthofonnic esters are formed (1) when chloroform is heated with sodium 
alcoholatos in alcoholic solution {W iUiatnson and Kay, Arm. 92, 340) : 

CHCI3 -f SCHa-ONa - CH(OCHa)8 + 3NaCl ; 

(2) when formimido -ethers (p. 288) react with alcohols, mixed esters being also 
produced {Pinner, Ber. 16, 1645) : 

+ 2CH3OH = CH<(«CH,)» + NH,C1. 

They are converted by alcoholic alkali hydroxides into alkali formates, and 
by glacial acetic acid into acetic esters and ordinary formic esters. Orthoformic 
ester changes ketones and aldehydes into ortho-ethers, e.g. (0113)20(002115)2 
(p. 266), and acetal, 0H3*CH(O02H5)2 (p. 241), and at the same time, is converted 
into ordinary formic ester (Ber. 29, 1007). Orthoformic ester, in the presence of 
acetic anhydride and aided by heat, combines with acetyl acetone, acetoacetic 
ester and malonic ester to yield ethoxymethylene derivatives (Ber. 26, 2729). 

Methyl orthojormate, OH(OOHa)8, b.p. 102°. Ethyl ester, OH(OC2H5)3, b.p. 
146°. Allyl ester, OH(OOaH6)8, b.p. 196-205° (Ber. 12, 115). 

Orthothioformic ester, OH (80 2H6)s, b.p. 116°/10 mm., is prepared from 
formic acid ester, or amide, by the action of ethyl mercaptan and hydrochloric 
acid ; also from chloroform and sodium mercaptide. It is a colourless oil of 
unpleasant odour. It is very stable towards alkalis, but is hydrolysed by acids. 
Permanganate decomposes it into ethanesulphonic acid and methylene diethyl 
sulphone (Ber. 40, 740). 

Chloroform, Trichloromdhane, CHCI 3 , m.p. — 62° (Ber. 26, 1053), 
b.p. 61-5°, Dig = 1-5008, is obtained : (1) by the chlorination of 
CH 4 or CH 3 CI ; (2) by the action of bleaching powder on different 
carbon compounds — e.g. ethyl alcohol, acetone, etc. ; (3) by heating 
chloral (p. 238) and other aliphatic bodies having a terminal CCI 3 - 
group — e.g. trichloroacetic acid and trichlorophenomalic acid (q.v.) — 
with aqueous potassium or sodium hydroxide : 

CCls-CHO -f KOH = CHCI3 + HCOgK. 

Chioral. Potassium 

formate. 

Chloroform is prepared technically by treating alcohol and acetone with 
bleaching powder which acts both as an oxidizing and chlorinating substance. 
The resulting CCla-CHO or CHa-CO-CCb is decomposed by lime (Mechanism of 
the Reaction : Zinche, Ber. 26, 501, note). Pure chloroform can be obtained 
by decomposing pure chioral with potassium hydroxide ; or by freezing out 
crystals of chloroform and centrifugation (i?. Pictet). Perfectly pure chloroform 
results m the decomposition of salicylide- chloroform {Anschutz, Ann. 273,73). 

Historical. — Chloroform was discovered in 1831 by Liebig and Soubeiraii. 
It was not until 1835 that Dumas proved conclusively that it contained hydrogen. 
In 1847 Simpson, of Edinburgh, introduced chloroform into surgery. 

Properties. — Chloroform is a colourless liquid of an agreeable 
ethereal odour and sweetish taste. It is an excellent solvent for 
iodine and many organic substances, some of which crystallize out 
with “ chloroform of crystallization,” e.g. salicylide- chloroform (see 
above). Chloroform seems to enter into a loose combination with 
ether, which is evidenced by a rise of temperature when the two 
liquids are mixed. Inhalation of its vapours produces anaesthesia. 
It is uninflammable. It forms CgClg when it is conducted through 
tubes heated to redness. 

Reactions. — (1) Chloroform is oxidized by the prolonged action of sunlight in 
presence of the oxygen of the air to phosgene (C. 1905, II. 1623). To prevent 
this about one per cent, of alcohol is added. Chromic acid also converts chloro- 
form into this phosgene. 
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(2) Chlorine converts chloroform into CCI4. 

(3) When heated with aqueous or alcoholic potassiiun hydroxide it forms 
potassium formate (p. 283) and carbon monoxide. The latter is probably a 
product of reaction with the : CClg group, which is formed by the expulsion of 
HCl from the chloroform by the action of the alkali. It then unites with the 
alkali, whereby the more formic acid is produced the higher the temperature of 
reaction (Ann. 302 , 274) : 

CHCI3 + 4KOH = HCOOK + 3KC1 + 2H2O. 

(4) Orthoformic acid ester, CH(0*C2H5)a, is produced when chloroform is 
treated with sodium alcoholato. 

(5) When heated to 180° with alcoholic ammonia, it forms ammonium cyanide 
and (diloride. When potassium hydroxide is present, an energetic reaction takes 
place at ordinary temperatures as follows : 

CHCI3 + NH3 + 4KOH = KNC + 3KC1 + 4H2O. 

(0) isoNitriles (p. 293), having extremely disgusting odours, are formed when 
chloroform is heated with primary bases and potassium hydroxide. This reaction 
serves both for the detection of chloroform and also of the primary amines. 
{Car by lamina reaction.) 

(7) Chloroform yields an additive product with acetone, trichloro-fer^. -butyl 
alcohol. 

(8) It is converted by sodium acotoacetic ester into m-hydroxyuvitic acid 
(Vol. II). 

(9) Aromatic hydroxyaldehydes are produced when chloroform is digested 
with phenols and sodium hydroxide {Reiner -Tiemann reaction, see Vol. II), e.g. : 

CeHsOH + CHCI3 -f 4KOH CeH4(OH) CHO + 3KC1 + 3H2O. 

Phenol. SaJieylaldehyde. 

Bromoform, CHBia, m.p. T-S"", b.p. 151°, Djc = 2*9, is produced 
by the action of bromine and KOH or lime (Lowig, 1832) on alcohol 
or acetone ; by electrolysis of a solution of acetone and potassium 
bromide (C. 1902, I. 455: 1904, TT. 301); from chloroform and 
aluminium bromide (C. 1900, I. 1201 : 1901, I. 666) ; and also from 
tribromopyroracemic acid (q.v.). 

Iodoform, CHI3, m.p. 120°, is formed when iodine and potassium 
hydroxide act on ethyl alcohol, acetone, aldehyde and other substances 

containing the group CHg-C^O — . Pure methyl alcohol does not 

yield iodoform (Ber. 13, 1002). 

The formation of tri-iodoaldehyde and tri-iodoacetone precedes the 
production of the iodoform. These substances are very unstable in 
the presence of alkalis. When tri-iodoacetic acid is warmed with acetic 
acid, or when it is treated with alkali carbonates, it breaks down into 
iodoform and carbon dioxide. Iodoform can be obtained by electro- 
lysis of an aqueous solution of KI, NagCOg and alcohol, or KI and 
acetone (C. 1897, II. 695 : 1898, I. 31 : 1900, II. 19 : 1904, I. 995). 
Acetylene-mercury chloride, CgHa-HgCla, also yields iodoform when 
acted on by iodine and alkali (C. 1902, 11. 1499). 

Iodoform crystallizes in brilliant, yellow leaflets, or hexagonal 
plates (C. 1899, I. 189 : 1901, II. 23), soluble in alcohol and ether, 
but insoluble in water. Its odour is saffron-like. It evaporates at 
medium temperatures and distils in steam. Digested with alcoholic 
KOH, HI, or potassium arsenite, it passes into methylene iodide (p. 
243). Light and air decompose iodoform into CO 2, CO, I, and water 
(C. 1905, II. 1718). 
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Historical .—lodoiovm was discovered in 1832 by Serullas. Dumas ^ in 1834, 
proved that it contained hydrogen, and in 1880 it was applied by Mosetig- 
Moorhof in Vienna in the treatment of wounds. 

Fluoroform, CHF 3 , is obtained from silver fluoride and chloroform, or better, 
iodoform mixed with sand. It is a gas (Ber. 23 , R. 377, 680 : C. 1900, I. 886 ). 
Fluorochloroform, CHClgF., b.p. 14-6° ; fluorochlorobromoform, CHClFBr, 
b.p. 38° (Ber. 26 , R. 781). 

Nitroform, CH(N 02 ) 3 , has been described already, in connection with the 
nitroparaffins (]). 186). 

Methanetrisulphonic SLCid^formyltrisulphonic acid, CH (80311)3, is produced 
by the action of sodium sulphite on chloropicrin, CCl 3 (N 02 ) {g-'c.), and when 
fuming sulphuric acid acts on calcium methane sulphonate (p. 176). The acid 
is very stable, even in the presence of boiling alkalis (C. 1899, I. 182). 

In this connection may be mentioned also dibromonitromethane (p. 182), 
nitromethane disulphonic acid (Ann. 161 , 161), and hydroxymethane disulphoiiic 
acid, CH( 0 H)(S 03 H )2 (Ber. 6, 1032) ; dichloromethane monosulphonic acid, 
dichloromethyl alcohol (known only as acetic ester). 

CARBON MONOXIDE, isoNITRILES AND FULMINIC ACID 

Carbon monoxide, CO, m.p. — 21F, b.p. — IQOV^bO mm., 
critical temperature — 141 critical pressure 35 atmospheres, a colour- 
less, combustible gas, the product of the incomplete combustion of 
carbon, is discussed in inorganic text-books. The methods for its 
production and its reactions, which are of importance in organic 
chemistry, will again be briefly reviewed. Carbon monoxide is 
obtained (1) from formic acid, oxalic acid, a-ketonic acids such as 
pyroracemic acid and benzoyl formic acids (Vol. II) ; (2) from a- 
hydroxy-acids such as glycoUic acid, lactic acid, malic acid, citric 
acid, and mandelic acid (Vol. II) ; (3) from tertiary carboxylic acids 
of the formula RgC-COOH, such as trimethylacetic acid (p. 305), tri- 
phenylacetic acid (Vol. II), camphoric acid, cineolic acid (Vol. II), 
by the action of concentrated or fuming sulphuric acid (comp. Ber. 
39 , 51). It is also made from hydrocyanic acid if, in preparing the 
latter from potassium ferrocyanide, K4Fe(CN)6-3H20, concentrated 
sulphuric acid be substituted for the more dilute acid ; in this manner 
the hydrocyanic acid is changed to formamide, and the latter immedi- 
ately breaks down into ammonia and carbon monoxide. Formamide 
yields carbon monoxide on the application of heat. 

Reactions. — (1) Carbon monoxide and hydrogen exposed to the in- 
fluence of electric discharges yield methane (p. 92). Being an un- 
saturated compound, carbon monoxide unites (2) with oxygen, giving 
a feebly luminous but beautifully blue flame, forming carbon dioxide ; 
(3) with sulphur yielding carbon oxysulphide ; and (4) with chlorine, 
to form carbon oxychloride or phosgene. It also combines directly 
with certain metals. (5) With potassium it forms the potassium deriva- 
tive of hexahydroxybenzene, C6(OK)6 (see Vol. II). (6) Carbon mon- 
oxide is absorbed by sodium alkyls with the formation of dialkyl 
ketones, tertiary alcohols and other products (Ber. 52 , 1910). (7) 

With nickel it yields nickel carbonyl, Ni(CO) 4 , b.p. 43° (Mond, Quincke, 
and Langer, Ber. 23 , R. 628 : C. 1903, I. 1250 : 1904, II. 1111) ; 
(8) With iron it yields iron carbonyl, Fe(CO) 5 , b.p. 102° (C. 1906, I. 
333 : 1907, I. 1179). It forms (9) alkali formates with the alkali 
hydroxides (p. 282), and (10) with sodium methoxide and sodium 
ethoxide it yields sodium acetate and propionate. 
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The “ acetal ” corresponding to carbon monoxide, diethoxy- 
methylene, C(OEt) 2 , b.p. 77°/760 mm., is obtained from ethyl for- 
mate by the following series of reactions : 

^ NaOEt POCl, XaOEt 

H-COjEt > C(ONa)(OEt) > CCl(OEt) > C(OEt)2. 

It is a colourless liquid, broken down by acids into carbon mon- 
oxide and two mols. of alcohol (Ber. 60, 554). 

Carbon monosulphide, CS, is not known (Ber. 28, R. 388). 

The ^50cyanides (monilriles, carhylamines) are isomeric with the 
nitriles or alkyl cyanides, but differ from them in having the alkyl 
group linked to nitrogen : 

RCN RNC 

Nitrile. isoCyanidc, 

They were first prepared by Gautier (Ann. 151, 239). The first 
step is the action of an alkyl iodide (1 mol.) on silver cyanide (2 mols.), 
the second step the decomposition of the addition compound between 
the isonitrile and the silver cyanide by distillation with potassium 
cyanide. 

la. C2H5I + 2 AgCN = C2H6NCAgCN + Agl 

lb. C2H5NC*AgCN + KCN - + AgCNKCN. 

Shortly afterwards, A. W. Hofmann (Ann. 146, 107) found that 
isonitriles were produced by digesting chloroform and primary amines 
with alcoholic potassium hydroxide : 

2 . C2H6NH2 + CHCI3 + :iKOH - C2H5NC -h 3 KC 1 + 3H2O. 

3. The isonitriles are produced as by-products in the preparation 
of the nitriles from alkyl iodides or sulphates and potassium cyanide. 

Properties. — The carb^damines are colourless liquids which can be 
distilled, and possess an exceedingly disgusting odour. They are 
sparingly soluble in water, but readily soluble in alcohol and ether. 

Reactions. — (1) The isonitriles are characterized by their decom- 
position by dilute acids into formic acid and primary amines. This 
reaction proceeds readily by the action of dilute acids (HCl), or by 
heating with water to 180° : 

C2H6NC + 2H2O = C2H6NH2 + HCO2H. 

(2) With fatty acids the isonitriles yield fatty acid alkylamides* 

(3) The isonitriles, like hydrocyanic acid (p. 285), form crystalline 
derivatives with HCl ; these are probably the hydrochlorides of alkyl 
formimide chlorides, 2CH3NC-3HC1 “ [CH3N : CHC1]2HC1, which water 
decomposes into formic acid and amino- bases. 

(4) Mercuric oxide changes the isonitriles into isocyanic esters, 
CaHsN^CO, with the separation of mercury, while PgSs produces 
isothiocyanates . 

(5) Heat converts the isonitriles into the normal nitriles, RC : N, 
with intermediate polymerization products (C. 1907, I. 948). 

(6) Alkyl iodides and metallic cyanides unite with the isonitriles 
to form double compounds (see above) ; RNC-CNAg can be looked 
on as being an ester of a hydrosilvercyanic acid, HAg(CN )2 (C. 1903, 
II. 827 : 1907, I. 948). 

Methyl ?'c9ocyaiiide, Methyl corbylamine, CHgNC, b.p. 59 °. Ethyl tsocyanlde, 
Ethyl carbylamine, CgHgNC, b.p. 79 °, when heated at from 230 ° to 250 °, undergoes 
atomic rearrangement into propionitrile. It combines with chlorine to yield 
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ethylimidocarbonyl chloride, a derivative of carbonic acid ; similarly, with 
bromine to form ethyl carbylamine bromide (C. 1904, II. 29). With H 2 S it 
forms thioformethylimide (p. 289) and with acetyl chloride it produces ethyl- 
imidopyruvyl chloride, a derivative of pyroracemic acid (Ann. 280, 291). n- 
Propyl t^ocyanide, b.p. 98°. ?i-Butyl ^^ocyanlde, b.p. 119° (C. 1900, II. 366). 


Structure of the imNitrUes, — From the hydrolysis of the tsonitriles 
to formic acid and a primary amine, as opposed to the hydrolysis of 
the nitriles to a fatty acid and ammonia, it is evident that the alkyl 
group in the isonitriles must be linked to nitrogen. The original 
formula given to these compounds was R-N : C, but Nef (Ann. 270, 
267 ) suggested in 1892 that the properties of the compounds were 
better represented by the formula R‘N : C, which is in accord with 
the fact that in all addition reactions in which these compounds take 
part, the addition takes place entirely to the carbon atom and not 
to the C : N linking. A more recent formula, showing the compounds 
as containing a co-ordinate link, was suggested by Langmuir (J.A.C.S. 
41, 1543 ), and Sidgwick and others (J.C.S. 1930, 1876 ) have obtained 
definite evidence in favour of Langmuir’s formula by measurements 
of the parachors and dipole moments of the i^ocyanides. 

The compounds can therefore be best represented by the formula 
containing a co-ordinate link, R — ^N^C. 

Fulminic acid, (Carbyloxime)^ C : NOH,* is the oxime corresponding to 
carbon monoxide, and possesses the properties of a strong acid {R. Scholl , Ber, 
23, 3506 : NeJ, Ann. 280, 303 ; comp, also, Ber. 27, 2817). The fulminates 
have the same percentage composition as the salts of cyanic acid, and constitute 
one of the first examples of isomeric compounds {Liebig ^ 1823). Little is known 
about the free acid. Its odour is very similar to that of hydrocyanic acid, and 
is as poisonous. The acid is formed when the fulminates are decomposed by 
strong acids. It combines quite readily with the latter, — e.g. it yields formyl 
chloridoxime with hydrochloric acid (p. 289), which breaks down very easily 
with the formation of fulminic acid. The reaction of the fulminates with hydro- 
chloric acid affords some insight into the constitution of fulminic acid itself. 
First, hydrochloric acid imitea directly and salts of formyl chloridoxime arise, 
from which, by the absorption of water, formic acid and hydroxylamine are 
formed : 

C=NOAg + HCl ^ 

+ HCl = + AgCl. 

+ 2H,0 = HCOs,H + NHjOHHCl. 


Polymerization of Fulminic Acid , — Free fuLminic acid is unstable and even 
in ether or water solution undergoes polymerization with hberation of energy. 
The principal product is the trimeric metafulminuric acid, first prepared by 
Scholvien and later shown to have the constitution I {dimonitrosoisoxazolone) 
by Wieland (Ber. 42, 1346). In much smaller quantity the tetrameride iso- 
cyanilic acid is formed, for which Wieland has established the constitution II 
{dioxime of Juroocaruiialdehyde) { Wieland, Ann. 444, 7 : Scholvien, J. pr. Chem. 
32, 477) : 

CH— C : NOH HON ; CH— C— C— CH : NOH 

ii I II II 

N C:NOH N NO 

Y Y 


Mel 




Liiric acid. 


(II) 

i«oC5yanilic acid. 


* H Wieland, Die Knallsaure, Enke, Stuttgart, 1909. 
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The fulminuric acid (C : NOH )3 of Liebig (see p. 296) and the so-called iso- 
fulminuric acid of Ehrenberg (J. pr. Chem. 30 , 98), later identified as oxyfurazan- 
carbonamide (Ann. 392 , 196), are secondary products from metafulminuric acid. 

The most important of the salts is mercury fulminate, which is employed, 
technically, as a detonating agent. 

Historical. — Mercury fulminate was first obtained by Howard, in 1800, by 
the interaction of a solution of mercuric nitrate and alcohol. In 1824, Liebig 
and Oay-Lu88ac showed that silver fulminate possesses the same percentage 
composition as silver cyanate, discovered by WdMer in 1822 — an observation 
which paved the way for the recognition of the phenomenon of isomerism (p. 34). 
Kekule (1856) considered fulminic acid to be nitro -acetonitrile, NOgCHgCN, an 
assumption which could not be sustained, since in 1883 Ehrenberg and Carstanjer, 
and also Steiner, found that all the nitrogen in fulminic acid appears as hydro- 
xylamine when the acid is treated with hydrochloric acid. Steiner ascribed to 
fulminic acid the formula C(NOH) : C(NOH). In 1890, however, R. Scholl put 
forward the formula C = NOH, indicating that fulminic acid is the oxime of 
carbon monoxide ; this Nef completely substantiated in 1894 by thorough 
experimental investigation (Ber. 33, 61). 

Mercury fulminate, (C = N* 0 ) 2 Hg -f (Bor. 18 , R. 148), is formed 

(1) by the action of alcohol (Ber. 9 , 787 : 19 , 993, 1370), acetaldehyde, dimethyl 
acetal or malonic acid (C. 1901, II. 404) on a solution of mercury in excess of 
nitric acid which contains oxides of nitrogen (Bor. 38 , 1345) ; (2) by the addition 
of a solution of sodium nitromethano to a mercuric chloride solution : 

2 CH 2 =N<q~^®' + HgClj = (C=.NO) 2 Hg + 2 H 2 O + 2NaCl. 

There is always produced at the same time a yellow basic salt, (Hg<^Q^C- 

= NO) 2 Hg, which is the solo product obtained on pouring a solution of mercuric 
chloride into a solution of sodium nitromethane. This yellow salt is also very 
explosive. 

( 3 ) By boiling methyl nitrolic acid (p. 289) with dilute nitric acid in presence 
of mercury salts. This reaction indicates the course of the formation of fulminic 
acid from alcohol (Ber. 40 , 421) ; 

O liNOj ^ O TT HNO, 

CHa-CHgOH > CH 3 CHO HON ; HON : > 

Alcohol. Aldehyde. isoNitroso- i»oNitroso- 

acetaldohydc. acetic acid. 

HON : — —> HON : >- HON : C + HNO*. 

Nitrolic acetic Methyl nitrolic Fulminic acid, 

acid. acid. 

The formation of fulminic acid from malonic acid (p. 542) proceeds similarly 
to the above. 

Fulminating mercury crystallizes in shining, white needles, which are fairly 
soluble in hot water. It explodes violently on percussion, and also when acted 
on by concentrated sulphuric acid. Concentrated hydrochloric acid evolves COg, 
and yields hydroxylamine hydrochloride and formic acid, a reaction well adapted 
for the preparation of hydroxylamine (Ber. 19 , 993). 

Chlorine gas decomposes mercury fulminate into mercuric chloride, cyanogen 
chloride and CClgNOg. Aqueous ammonia converts it into urea and guanidine 
(see acetyl isocyanate). Silver fulminate in benzene solution is converted by 
aluminium chloride into jS-benzaldoxime (Ber. 32, 3492). 

Silver fulminate, C : NOAg, white needles, is prepared after the manner of 
the mercury salt, and is oven more explosive than the latter. It is also prepared 
from acetoformyl chloridoxime (p. 289) and AgNOg : 

2AgNO, 

g>C = NOCOCH 3 AgCl -f CNOAg + HOCOCH 3 . 

Potassium chloride precipitates from hot solutions of silver fulminate one 
atom of silver as chloride, and the doable salt, CgNgOgAgK, crystallizes from the 
solution. Nitric acid precipitates from this salt acid silver fulminate, CaNgOgAgH, 
a white, insoluble precipitate. On boiling mercury fuhninate with water and 
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copper or zinc, metallic mercury is precipitated and copper and zinc fulminates 
(CjNgOgCu and CgNaOgZn) are produced. 

Sodium fulminate, C : NONa, is obtained when mercury fulminate is 
digested with sodium amalgam in alcohol. It crystallizes in fine needles, is 
explosive and poisonous. Examined by the freezing-point method, its molecule 
is found to be a simple one (Ber. 38, 1355 : Ann. 298, 345). A solution acidified 
with sulphuric acid yields to ether a crystalline explosive acid (CNOH) 3 . Sodium 
fulminate is converted to an ester (CNOCH 3 ) 3 , m.p. 149°, by means of dimethyl 
sulphate (C. 1907, I. 27). 

In the formation of salts and double salts fulminic acid behaves much like 
hydrocyanic acid. This is readily understood if hydrocyanic acid be regarded 
as hydrogen isocyanide, C = NH. Sodium ferrocyanide corresponds with sodium 
ferrofidmijiate^ (C = NO)eFeNa4 + ISHgO, which is produced by bringing to- 
gether a solution of sodium fulminate and ferrous sulphate (Ann. 280, 335). It 
consists of yellow needles. 

CBr = NO 

The compound dibromoftiroxan (dibromoglyoxime peroxide) | 

CBr=N 

m.p. 50°, regarded by its discoverer Kekul^ (Ann. 105, 291) as dibromonitro- 
acetonitrile^ is formed by the action of bromine on mercury fulminate. It has 
later been shown by Wieland to be a furoxan derivative (Ann. 358, 56 : Ber. 
42, 4192). This body, when heated with hydrochloric acid, passes into HBr, 
NHg, NHgOH and oxalic acid. Aniline probably converts the dibromide into 
the dioxime of oxanilide (CaH 6 NHC~NOH) 2 . 

Fulminuric acid, N itrocyanacetarndde, C 8 N 3 O 3 H 3 = CN*CH(N 02 )C 0 NH 2 , is 
a derivative of tartronic acid. Its alkali salts are obtained by boiling mercuric 
fulminate with potassium chloride or ammonium chloride and water. The sodium 
salt is converted, by a mixture of sulphuric and nitric acids, into trinitroaceto- 
nitrile. The free acid is obtained by decomposing the lead salt with hydrogen 
sulphide. It deflagrates at 145°. Especially characteristic is the CAiprammonium 
salt, C 3 N 30 gH 3 (CuNH 3 ), which consists of glistening purple -coloured prisms. 
(Comp. Cyanuric acid.) 

Ethyl iodide converts the silver salt at 80-90° into the ethyl ester y CgHgNaOg- 
(OCgHg), m.p. 133°, which is changed into desoxyfulminuric acid, cyanoiso- 
nitr 080 -acetamide y CgNgHgOg — CN-C( : NOH)CONH 2 , m.p. 184° (Ann. 280, 331), 
a mesoxalic acid derivative, when boiled with water and alcohol. 


THE FATTY ACIDS, C^Hs^+rCOOH 

The acids of this series aic known as fatty acids, because their 
higher members occur in the natural fats. The latter are esters of the 
fatty acids, with glycerol, a trihydric alcohol. On boiling them with 
potassium or sodium hydroxide, alkali salts (soaps) of the fatty acids 
are formed, and from these the mineral acids liberate the fatty acids. 
Hence, the process of converting an ester into an acid and an alcohol 
has been termed saponification. This term, or more usually, and 
preferably, the term hydrolysis, is applied to the conversion of other 
derivatives of the acids into the acids themselves — e.g. the conversion 
of nitriles into the corresponding acids. 

The lower acids (with exception of the first members) are oils ; the 
higher, commencing with capric acid, are solids at ordinary tempera- 
tures. The first can be distilled without decomposition ; the latter 
are partially decomposed, and can only be distilled without alteration 
under reduced pressure. Only the first members are volatile in steam. 
Acids of similar structure show an increase in their boiling points of 
about 19° for each increase in CH 2 . The melting points are higher 
in acids with an unbranched carbon chain, containing an even num- 
ber of carbon atoms, than in the case of those having an odd number 
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of carbon atoms. The dibasic acids exhibit the same characteristic. 
With increase in the length of the carbon chain, the specific gravities 
of the acids grow successively less, and the acids themselves at the same 
time approach the hydrocarbons in character. The lower members 
are readily soluble in water, but the solubility regularly diminishes with 
increasing molecular weight. All dissolve readily in alcohol, and very 
easily in ether. Their solutions redden blue litmus. The acidity 
diminishes with increasing molecular weight ; this is very clearly 
evidenced by the diminution of the heat of neutralization and the 
initial velocity in the etherification of the acids. 

Nomenclature. — The fatty acids can be regarded as substitution products of 
acetic acid and named accordingly, e.g. CHg-CHg-COOH (propionic acid), methyl- 
acetic acid, (CH3)2CH-C00H (i^obutyric acid), dimethylacetic acid, etc., similarly 
to the “ carbinol ” nomenclature for the alcohols. The higher members of the 
series with an unbranched carbon chain are described as “ normal,” e.g. CH3- 
(CH2)4C00H as normal or n-hexoic acid, and those with a branched chain are 
preferably named as substitution products of tho longest normal chain they 
contain. Thus, CH3(CH2)3CH(CH3)*COOH is conveniently described as a-methyl- 
hexoic acid. 

The most important general methods of preparation of the mono- 
basic acids are : 

(1) Oxidation of the primary alcohols and aldehydes : 

CHs-CHijOH ^ > |cH3-CH<Q2j - > CH3C<JJ — ^ CH8 C<q® 

Ethyl alcohol. Aldehyde. Acetic acid. 

The oxidizing agents most usually employed are chromic acid and perman- 
ganate (C. 1907, I. 1179). 

In the presence of a suitable catalyst, such as manganese butyrate, the 
oxidation of aldehydes to the corresponding acid can be effected by air or oxygon 
{e.g. Butyric acid from butaldehyde, Brit. Pat. 173004, J.C.S. Abstr. 1922, i, 222). 

In the case of normal primary alcohols with high molecular weight the con- 
version into the corresponding acids is effected by heating with soda -lime : 

C15H31CH2OH + NaOH = 0i,H3iC02Na + 2H2. 

Cetyl alcohol. Sodium palinitate. 

(2) By the addition of hydrogen to the unsaturated monocar- 
boxylic acids : 

CH2-CHCO2H + 2H = CH3CH2CO2H. 

Acrylic acid. Propionic acid. 

(3) By the reduction of hydroxy -acids at raised temperatures by 
means of hydriodic acid : 

CH3CH(0H)C02H + 2HI = CH3CH2CO2H + H2O + I2. 

Halogen substituted acids may be reduced by means of sodium 
amalgam. 

Many nucleus -synthetic methods are known for the formation of 
derivatives of the acids, which can easily be changed to the latter. 
These methods are important in the building-up of the acids. 

(4) Synthesis of the Acid Nitriles. — The alkyl cyanides, called also 
the fatty acid nitriles, are produced by the interaction of potassium 
cyanide and alkyl halides or the alkali salts of the alkyl sulphuric 
acids. When the nitriles are heated with alkalis or dilute mineral 
acids the cyanogen group is transformed into the carboxyl group, 
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whilst the nitrogen is changed to ammonia. In this manner formic 
acid is produced from hydrocyanic acid (p. 285) : 

CH3CN + 2H2O + HCl = CH3CO2H + NH,C1 
CHa-CN + H2O + KOH = CHaCOaK + NHg. 

This method makes the synthesis of acids from alcohols possible. 

The normal fatty acids from stearic acid to CaeHgaOa have been synthesized 
by the following series of reactions (J. Biol. Chem. 59 , 905). 

R COOR R CH2OH > R CH2I R CH2CN > R CH2COOH 

The conversion of the nitriles directly into esters of the acids may be effected 
by dissolving them in alcohol and passing hydrochloric acid gas into the solution, 
or by warming it with sulphuric acid (Ber. 9 , 1590). 

(5) The action of carbon monoxide on the sodium alcoholates 
heated to 160-200° only proceeds smoothly and easily in the case of 
sodium methoxide and ethoxide (Ann. 202 , 294 : C. 1903, II. 933) : 

CaHg ONa + CO - CaHs-COg-Na. 

Sodium ethoxido. Sodium propionate. 

Similarly, carbon monoxide and sodium hydroxide yield sodium 
formate (p. 282). 

(6) The action of carbon dioxide on sodium alkyls (Ann. Ill, 234) 
is only applicable with sodium methyl and sodium ethyl (p. 223). 

CgHs-Na + CO2 = CaHs-COgNa. 

By the action of carbon dioxide on an ethereal solution of an 
alkyl magnesium halide, and the decomposition of the resulting mag- 
nesium compound by ice and sulphuric acid (C. 1901, II. 622 : Ber. 
35 , 2519) : 

COa H2O 

CIIaMgBr ^ CHaCOgMgBr CH3COOH. 

(7) By the action of phosgene gas, COCI 2 , on the zinc alkyls. 
Acid chlorides are first formed, and subsequently yield acids when 
treated with water : 

Zn(CH3)2 + 2 COCI 2 - 2CH3-COC1 + ZnCb- 

Acetyl chloride. 

CH3 COCI -f H^O = CHa-CO-OH + HCl. 

Acetic acid. 

(8) Electro-syntheses of the esters of monocarboxylic acids occur 
upon electrolysing mixtures of the salts of fatty acids and the mono- 
esters of dicarboxyhc acids. Butyric ester, for example, is obtained 
from potassium acetate and potassium ethyl succinate (Ber. 28, 2427) : 

+ - 

CHa CO2 K HOH CHg "c^2 H 

+ — I + + + I • 

CH2 CO2 K HOH CH2 CO2 KOH H 

I I 

CH 2 CO 2 C 2 H 3 CHa— CO 2 C 2 H 3 

The following methods of formation are based upon the breaking- 
down of long carbon chains : 

(9) The decomposition of ketones by oxidation with potassium 
dichromate and sidphuric acid : 

CHa[CH2]i4 CO CH3 — ^ CHaECHaliaCOaH + CHa COaH 
Pentadecyl methyl ketone (from Pentadecylic acid. Acetic acid, 

palmitic acid.) 

By the action, also, of alkali hypochlorites and hypobromites, the 
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alkyl methyl ketones can be made to yield chiefly carboxylic acids, 
the methyl group being split off as chloroform or bromoform. 

(10) The trialkylacetophenones (Vol. II) are broken down in ben- 
zene solution by the action of sodamide into benzene and the amides 
of trialkylacetic acids (C. 1909, I. 912 : II. 600) : 

NaNH, 

CeHs CO-CRa CeHe + RgC CO NH^. 

The hexaalkylacetones are broken down similarly (C. 1910, 1. 1698 : 
Ann. Chim. Phys. [9] 1, 5). 

(11) Decomposition of unsaturated acids by fusion with potassium 
hydroxide : 

KOH 

CHaCH : C(CH 3 )C 02 K CH 3 CO 2 K and CHgCHg-COaK. 

Potassium angelicate. Potassium Potassium propionate, 

acetate. 

It is important to note that a shift of the position of the double bond may 
occur during this alkali fusion, and the breakdown products are not necessarily 
those which would be obtained if the unsaturated acid had been broken down 
at the original double linkage. 

(12) By cautious oxidation of the higher paraffins by air (Ber. 
53, 66, 987). 

(13) Decomposition of acetoacetic ester, as well as mono- and 
dialkyl acetoacetic esters, by concentrated alcoholic potassium 
hydroxide : 

CHaCO CHaCOaCaHs -f 2KOH = CHaCOaK + CH 3 CO 2 K + C 2 H 5 OH 
Acetoacetic ester. 

CH8C0CH(R)C02C2H5 + 2KOH = CH 3 CO 2 K + CH 2 (R)COaK + CaHa-OH 
CH3C0C(R)2C02C2H6 + 2KOH = CHaCOaK + CR{}i)^CO^K + CaHg-OH. 

On account of the readiness with which the mono- and dialkyl aceto- 
acetic esters are prepared, this forms a valuable method for obtaining 
mono- and dialkylacetic acids (see Acetoacetic ester). 

(14) Substituted acid amides, from which the acid may be obtained 
by hydrolysis, are formed by the Beckmann transformation of 
ketoximes and oximino-acids, the latter being obtained from the 
unsaturated acids by converting them into the keto- derivatives of 
the saturated acids (see Beckmann transformation, p. 268, and oleic 
acid, p. 349). 

(15) By the decomposition of malonic acid and the alkyl deriva- 
tives of malonic acid by heat, with loss of COg. These acids are 
dicarboxylic acids, in which both carboxyl groups are attached to 
the same carbon atom. 

CHa(COOH)2 ^ CH3 COOH + CO2 

Malonic acid. Acetic acid. 

CRR'(C 00 H )2 CHRR'-COOH + CO2. 

These substituted malonic acids are also readily available, and this 
method is a valuable one for the preparation of many fatty acids 
(see Malonic ester). 

Isomerism . — Every monocarboxylic acid corresponds with a primary 
alcohol. Hence the number of isomeric monocarboxylic acids of definite 
carbon content is, as in the instance of the aldehydes, equal to that 
of the possible primary alcohols (p. 128), possessing the same number 
of carbon atoms. The isomerism is dependent upon the isomerism 
of the hydrocarbon radical in union with the carboxyl group. 
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There are no possible isomers of the first three members of the 
series CnHjnOj : 

HCOjH CHjCOjH CjHjCOjH 

Formic acid. Acetic acid. Propionic acid. 

Two structural isomers are possible for the fourth member, 

CHg CHg CHa COaH and 

Butyric acid. i>oButyric at^id. 

Four isomers are possible with the fifth member, CgHjoGa^ 
C 4 H 9 *C 02 H, inasmuch as there are four butyl, C 4 H 9 , groups. 

Reactions. — The principal reactions of the fatty acids are the 
following : 

(1) Acids and alcohols yield esters in the presence of hydrochloric 
or sulphuric acid (p. 310). 

(2) Salts of fatty acids and alkyl halides, or alkyl sulphates, yield 
esters. 

(3) Acids or salts, when acted on by the chlorides of phosphorus, 
yield acid chlorides (p. 314) and acid anhydrides (p. 317). 

(4) The ammonium salts of the acids lose water when heated or 
treated with dehydrating agents and yield acid amides (p. 321) and 
acid nitriles (p. 324). 

(5) The halogens produce substitution products. 

( 6 ) The fatty acids are only attacked very slowly by oxidizing 
agents. Acids containing a tertiary group yield nitro- derivatives 
when acted on by nitric acid (Ber. 15, 2318 : 32, 3661). 

(7) Paraffins result fjorn the reduction of higher fatty acids by 
hydriodic acid. 

( 8 ) Paraffins are produced when the calcium salts of the fatty 
acids are distilled with soda-lime. 

(9) Paraffins, together with CO 2 , alcohols, and other products, 
result from the electrolysis of concentrated solutions of the potassium 
salts of the fatty acids. 

(10) Acid chlorides and anhydrides, when reduced, yield aldehydes 
and 'primary alcohols. 

(11) Acid chlorides, esters, amides, and nitriles reacting with zinc 
alkyls or magnesium alkyl halides yield ketones and tertiary alcohols. 

(12) By the interaction of iodine and the silver salts of fatty acids, 
esters of the next lower alcohol are formed. 

(13) When the calcium salts are distilled with calcium formate, 
aldehydes are produced. 

(14) Simple and mixed ketones are formed when a single calcium 
salt or an equimolecular mixture of two different calcium salts are 
distilled respectively. 

(15) The reduction of acid nitriles yields primary amines ; these 
are converted into the corresponding alcohols by nitrous acid. 

(16) Acid amides, when acted on by bromine and sodium hydroxide, 
yield the next lower primary amine. This reaction can therefore be 
employed for proceeding step by step down the series of fatty acids 
(p. 308). The azides of the acids behave similarly when acted on 
by water or alcohol. 

Acetic acid, CHg-COOH (Acidum aceticum), formed by the spon- 
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taneouB souring of alcoholic liquids, is the acid which has been longest 
known. Vinegar and the term “ acid ” were designated, for example, 
by the Romans by closely related words. Wood vinegar first became 
known in the Middle Ages. 

Historical. — At the close of the eighteenth century Lavoisier recognized the 
fact that air was necessary for the conversion of alcohol into acetic acid, and 
f hat its volume was correspondingly diminished during the process. In 1830 
Dutnas converted the acid, by means of chlorine, into trichloroacetic acid ; whilst 
the reconversion of the latter into the parent acid, by potassium amalgam and 
water, was demonstrated by Melsens in 1842. When, in 1843, Kolbe succeeded 
in producing trichloroacetic acid (p. 334) from its elements, the first •ynthesis of 
acetic acid was accomplished. 

Acetic acid is found in the vegetable kingdom both free and in the form of 
salts and esters. Thus, it was mentioned under n-hexyl and n-octyl alcohols 
that they occurred in the form of theii- acetic esters in the ethereal oil of the seed 
of Heracleiim giganteum and in the fruit of Heracleum sphondylium. The officinal, 
concentrated acid, as well as the 30% aqueous solution of the acid, are applied 
medicinally. 

Acetic acid is produced in the decay of many organic substances 
and in the dry distillation of wood, sugar, tartaric acid, and other 
compounds ; also in the oxidation of numerous carbon derivatives, 
as it is very stable towards oxidants. 

The methods of forming acetic acid, which have any theoretical interest, 
have already been discussed under the general methods for the production of 
fatty acids ; therefore they will bo but briefly noticed here : 

(1) The oxidation of ethyl alcohol and acetaldehyde. 

(2) The reduction of hydroxyacetic acid or glycollic acid, CH2(0H)-C02H, 
and the reduction of chlorinated acetic acids — e.g. trichloroacetic acid, CClg-COaH. 

Synthetically : (3) From methyl cyanide or acetonitrile. 

(4) From sodium methoxide and carbon monoxide. 

(5) From sodium methyl or magnesium methyl iodide and carbon dioxide. 

(6) From phosgene and zinc methyl. 

By degradation : (7) By the oxidation of acetone and many mixed methyl 
ketones. 

(8) By the decomposition of many unsaturated acids of the oleic series when 
fused with potassium hydi'oxide. 

(9) From acetoacetic ester by means of alcoholic potassium hydroxide. 

(10) By heating malonic acid. 

(11) A rather remarkable synthesis consists in allowing air and potassium 
hydroxide to act on acetylene in diffused daylight {Berthelot, 1870) : 

CH=CH + H2O + O - CH3 COOH. 

Preparation. — (1) Acetic acid is produced by the oxidation of ethyl 
alcohol and liquids containing this alcohol. It is customary, depend- 
ing upon their origin, to distinguish wine vinegar, fruit vinegar, and 
malt vinegar. 

Quick-vinegar process. {Schutzenbach, 1823.) — According to Wieland’s views 
(p. 224), the acetic fermentation of alcoholic liquids consists in a dehydrogenation 
of the alcohol by the “ mother of vinegar ” {Mycoderma aceti. Micrococcus aceti 
or Bacterium aceti), the activated alcohol being then oxidized to water by atmo- 
spheric oxygen. The organisms responsible for this action are always present 
in the air. In this process, by an enlargement of the contact surface of the 
alcoholic liquid with the air, there ensues an accelerated oxidation. Large wooden 
tubs are filled with shavings previously moistened with vinegar, upon which 
diluted (10%) alcohohe solutions are poured. The lower part of the tub, exposed 
in a warm room (25-30°), is provided with a sieve-like bottom, and all about it 
are holes permitting the entrance of air to the interior. The liquid collecting 
on the bottom is rim through the same process two or three times, to ensure the 
conversion of all the alcohol into acetic acid. 
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(2) Wood-vinegar process. — Considerable quantities of acetic acid are also 
obtained by the dry distillation of wood in cast-iron retorts, a process already 
referred to when discussing methyl alcohol (p. 136). The aqueous distillate, 
consisting of acetic acid, wood spirit, acetone, and empyreumatic oils, is neu- 
tralized with lime, evaporated to dryness, and the residual calcium salt heated 
to 230-250°. In this manner, the greater portion of the various organic admixture 
is destroyed, calcium acetate remaining unaltered. The salt purified in this way 
is distilled with sulphuric acid, when acetic acid is set free and purified by further 
distillation over potassium chromate. 

(3) At the present day, pure acetic acid is manufactured by the catalytic 
oxidation of acetaldehyde, obtained from a(^etylene (see p. 113), vanadium pent- 
oxide being employed as catalyst. 

Properties . — Anhydrous acetic acid at low temperatures consists of 
a leafy, crystalline mass — glacial acetic acid — which, on melting at 
16*7°, forms a liquid of sharp and penetrating odour. It boils at 
118° and has Dgo = 1*0497 (see J.C.S. 99, 1432). It mixes with 
water in all proportions ; at first a contraction ensues, consequently 
the specific gravity increases until the composition of the solution 
corresponds with the hydrate, C2H4O2 + HgO (=CH3*C(OH)3), Djg 
= 1-0748 (77-80%). On further dilution, the specific gravity be- 
comes less, until a 43% solution possesses about the same specific 
gravity as anhydrous acetic acid. Ordinary vinegar contains about 
5% of acetic acid. Acetic acid is an excellent solvent for many 
carbon compounds. The halogen acids also dissolve readily in glacial 
acetic acid (Ber. 11, 1221). Pure acetic acid should not decolorize 
a drop of potassium permanganate solution. It may be detected by 
conversion into volatile acetic ester when heated with alcohol and 
sulphuric acid, or by the formation of cacodyl oxide (p. 210) when 
its potassium salt is distilled with arsenious oxide. 

Acetates . — The acid combines with one equivalent of the bases, 
forming readily soluble, crystalline salts. It also forms basic salts 
with iron, aluminium, lead and copper ; these are sparingly soluble in 
water. The alkali salts have the additional property of combining 
with a molecule of acetic acid, yielding add salts, such as C2H3O2K 
+ C2H4O2, acid potassium acetate. 


Potassiuni acetate, C2H3O2K, deliquesces in the air and dissolves readily 
in alcohol. The acid salt, CgHgKOg-CaH^Og, m.p. 148°, crystallizes out in pearly 
leaflets The salt, CgHgOgK -|- 2C2H4O2, m.p. 112°, is decomposed at 170° into 
acetic acid and the neutral salt. 


Sodium acetate, CgHgOgNa + SHgO, crystallizes in large, rhombic prisms, 
which efifloresce on exposure. The anhydrous salt is dimorphic (Ber. 46, 3199). 
It melts without decomposition at about 320°. 

Ammonium acetate, C2H3O2NH4, is a crystalline mass. Heat applied to the 
dry salt converts it into water and acetamide. 

Calcium acetate, (C2H302)2Ca + HgO, and barium acetate, (C2H302)2Ba + HgO, 
dissolve readily in water. 

Ferrous acetate, (C2H302)2Fe, readily oxidizes in aqueous solution to insoluble 
basic ferric £U3etate. Ferric acetate, (C2H302)6Fe2, is not crystallizable. The deep- 
red solutions obtained by mixing a solution of a ferric salt with an acetate contain 


the mono- and di- acetates of the hexaacetatotriferric base 


[Fe. 


(OAc), 

'(OH), 


‘]OAc and 


[Fe3^|^^|®](OAc)2 (Ac = CH 3*CO-) (Z, anorg. Chem. 66, 167). On boiling these 
solutions, sufficiently dilute, all the iron is precipitated in the form of basic salts. 


Aluminium acetate behaves similarly. Both salts are employed as mordants in 


dyeing, as they are capable of uniting with the cotton fibre. The basic salts 
produced on the application of heat are capable of retaining dyes. 
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Lead acetate, (C2H302)2l’b + SHgO, is obtained by dissolving litharge in acetic 
acid. The salt forms brilliant four-sided prisms, which effloresce on exposure. 
It possesses a sweet taste (hence called sugar of lead), and is poisonous. If an 
aqueous solution of lead acetate be boiled with litharge, basic lead acetates, of 
varying lead content, c.g. CgHaOgPbOH and C2H302pb 0 Pb 0 Pb C2H302, are 
produced. These solutions react alkaline, and absorb carbon dioxide from the 
air, depositing basic carbonates of lead — white lead. 

Lead tetraacetate, (C2H802)4Pb, is obtained when minium is dissolved in 
hot glacial acetic acid. From the filtrate colourless monoclinic crystals, m.p. 
175°, separate (Ber. 53 , 485). It is used as an oxidizing agent for organic sub- 
stances (see Ber. 56 , 1.375). 

Copper acetate, (C2H302)2Cu -f H2O, is easily soluble in water. Basic copper 
salts occur in commerce under the name of verdigris. They are obtained by dis- 
solving copper strips in acetic acid in presence of air. The double salt of acetate 
and arsenite of copper is the so-called Schweinfart Oreen. 

Silver acetate, C2H302Ag, separates in brilliant needles or leaflets. The salt 
is soluble in 98 parts water at 14° C. 

The decompositions of the acetates have already been considered ; sum- 
marized they are : 

(1) Potassium acetate, when electrolysed, yields ctliaue. 

(2) Sodium acetate, heated with soda-lime, yields indkane. 

(3) Potassium acetate and arsenious oxide, on heating, yield cacodyl oxide. 

(4) Ammonium acetate loses water, when heated, with the formation of 
acetamide. 

(5) Calcium acetate is decomposed by heat into acetone. 

(6) Calcium acetate and calcium formate, heated together, yield aldehyde, 

(7) Calcium acetate and the calcium salts of higher fatty acids, when heated, 
yield mixed methyl alkyl ketones, 

PROPIONIC ACID. BUTYRIC ACIDS. VALERIC ACIDS 

The following table contains the molting points (Ber. 29, H. 344), the boiling 
points, and the specific gravities of the normal acids and their isomers : 


Name. 

1 

Formula. 

M.r. 

B.P. 

Specific 

Gravity. 

Propionic acid .... 

CH 3 CH 2 — CO 2 H 

- 30-5° 

140° 

0-9920 (18°) 

n-Butyric acid .... 

CH 3 (CH 2 ) 2 C 0 . 2 H 

— 

103° 

0-9587 (20°) 

isoButyric acid. 

(CH3)2CH— CO2H 

- 79° 

155° 

0-9490 (20°) 

71- Valeric acid .... 

CH 3 (CH 2 ) 3002 H 

- 59° 

180° 

0-9568 (0°) 

Valeric acid .... 

(CH3)2-CHCHC02H 

- 51° 

174° 

0-9470 (0°) 

Methylothyla(;etic acid 
Trimethylacetic acid (Pi- 

C2H5-CH(CH3)C02H 

— 

175° 

0-9410 (21°) 

valic acid) .... 

(CH 3 ) 3 C-C 02 H 

4- 35° 

103° 

— 


Propionic acid, Methylacetlc add [Propane acid], CHg-CHg-COgH, may be pre- 
pared by the methods in general use in making fatty acids ; (1) by the oxidation 
of n-propyl alcohol and propionaldehyde with chromic acid ; (2) by reduction 
of acrylic acid (p. 342) and propargylic acid (p. 351) ; (3) by reduction of lactic 

acid, CH3-CH(0H)-C02H, and glyceric acid, ; (4) from 

ethyl alcohol by its conversion, through ethyl iodide, into ethyl cyanide or 
propionitrile ; (5) from sodium ethoxide and carbon monoxide ; (6) from sodium 
ethyl or magnesium ethyl bromide and carbon dioxide ; (7) in the oxidation of 
methyl ethyl, methyl propyl and diethyl ketones : (8) by the action of alcoholic 
potassium hydroxide on methylacetoacetic ester with the simultaneous produc- 
tion of methyl ethyl ketone ; (9) from methylmalonic acid by the application 
of heat. 

Its formation from calcium malate and lactate by fermentation is worthy 
of note (Ber. 12 , 479 : 17 , 1190). It is also formed by the fermentation of certain 
hexoses {q.v.) by special micro-organisms. OotUieb first discovered propionic acid 
in 1847, when he fused sucrose with potassium hydroxide. Dumas gave the 
acid its name, derived from 'npwTost the first, ttlwv, fat, because when treated 
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in aqueous solution with calcium chloride it separated a<s an oil. It is the first 
acid which in its behaviour approaches the higher fatty acids. 

The barium salt, (C 3 H 502 ) 2 Ba HgO, crystallizes in rhombic prisms ; silver 
salt, CgHgOgAg, dissolves sparingly in water. 

Butyric Acids, C 4 H 8 O 2 . — (1 ) Normal butyric Sicid, Ethylacetic acid [Butane 
acid], butyric acid of fermentation, occurs free and also as the glycerol ester in 
the vegetable and animal kingdoms, especially in the butter of cows (to the 
amount of about 5% together with glycerides of palmitic and oleic acids), in 
which Chevreul found it, in the course of his classic investigations upon the 
fats. It exists as hexyl ester in the oil of Heradeum giganteum, and as octyl 
ester in Pastinaca saliva. It has been observed free in the perspiration and in 
the body fluids. It may be obtained by the usual methods employed for the 
preparation of fatty acids, and is produced in the butyric fermentation of sugar, 
starch and lactic acid, and in the decay and oxidation of proteins. 

Ordinarily the acid is obtained by the fermentation of sugar or starch, induced 
by the previous addition of decaying substances, e.g. cheese, in the presence of 
calcium or zinc carbonate, which are intended to neutralize the acids as they form. 
According to Fitz, the butyric fermentation of glycerol or starch is most advan- 
tageously evoked by the direct addition of bacteria, especially Bacillus subtilis 
and Bacillus boocopricus (Ber. 11, 49, 53: 29, 2726). 

Pyruvic acid and acetaldehyde are important intermediate products in this 
butyric fermentation (Ber. 55, 3635). Under the action of the synthesizing 
ferment carboligase, two molecules of pyruvic acid undergo an aldol condensa- 
tion, from which butyric acid is derived by decarboxylation followed by a Can- 
nizzaro reaction. The idealized butyric fermentation takes place according to 
the equation : 

C 6 H 12 O 6 2 CO 2 -}- 2 H 2 -I- C 4 H 8 O 2 . 

Butyric acid is a thick, rancid-sinellmg liquid, which solidifies when cooled. It 
dissolves readily in water and alcohol, and may be thrown out of solution by salts. 

The calcium salt, (C 4 H 702 ) 2 Ca + HgO (Ann. 213, 67), yields brilliant leaflets 
and is less soluble in hot than in cold water (in 3*5 parts at 15°) ; therefore the 
cold saturated solution grows turbid on warming (Ber. 30, 2956). 

(2) isoButyric acid, Dirnethylacetic acid [Methylpropane acid], (CH 3 ) 2 *CH- 
COjH, is found free in St. John’s Bread, the pod of the carob- or locust-tree, 
Ceratonia sUiqua, as octyl ester in the oil of Pastinaca saliva, and as ethyl ester 
in croton oil. It is prepared according to the general methods. Concentrated 
nitric acid converts it into j3j3-dinitropropane (p. 185) ; potassium permanganate 
oxidizes it to a-hydroxyisobutyric acid. 

i«oButyric acid bears great similarity to normal butyric acid, but is not 
miscible with water. 

The calcium salt, (C 4 H 702 ) 2 Ca. 5 H 2 O, dissolves more readily in hot than 

in cold water. 

Valeric Acids, C 4 H 9 COOH. — See table, p. 303. Valeric acid occurs free, 
and as osters in the animal and vegetable kingdoms, chiefly in the small valerian 
root {Valeriana officinalis), and in the root of Angelica Archangelica, from which 
it may be isolated by boiling with water or a soda solution. The natural acid 
is a mixture of valeric acid with the optically active methylethylacetic acid, 
and is therefore also active. A similar artificial mixture may be obtained by 
oxidizing the amyl alcohol of fermentation (p. 147) with chromic acid mixture. 
Valeric acid combines with water and yields a hydrate, C 5 H 10 O 2 + HgO, soluble 
in 26-5 parts of water at 15°. 

(1) Normal valeric acid, CH 3 (CH 2 ) 3 COOH, is prepared according to the 
standard methods. 

(2) i^oValeric acid, iso PropyUicetic acid [3-Methyl-butane acid], (CHa) 2 *- 
CH-CHg'COgH, may be synthetically obtained by some of the methods described 
on pp. 297-299. It is an oily liquid with an odour resembling that of valerian. 

Potassium permanganate oxidizes isovaleric acid to j3-hydroxyisovaleric acid, 
(CH 3 ) 2 -C( 0 H)*CH 2 *C 02 H. Concentrated nitric acid attacks, in addition, the CH- 
group, forming methylhydroxysuccinic acid, j 3 -nitroisovaleric acid, (CH 8 ) 2 *C- 
(N 02 )*CH 2 -C 02 H, and )3j3-dinitropropane, (CH8)2C(N02)2 (Ber. 15, 2324. (Cf, 
isobutyric acid). 

The isovalerates generally have a greasy feel. When thrown in small pieces 
upon water they have a rotary motion, dissolving at the same time ; barium salt. 
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(C5H902)2Ba ; calcium mlt, (C5H902)2Ca + ^HoO, forms stable, readily soluble 
needles ; zinc salty (C6H902)2Zn -f- SHgO, crystallizes in large, brilliant leaflets ; 
when the solution is boiled a basic salt separates. * 

(3) Methylethylacetic acid, [2-Methyl- butane acid], C2H5 CH(CH3)*C02H, 
contains an asymmetric (carbon atom, and, like its corresponding alcohol (p. 147), 
may exist in two optically active and one optically inactive modification. The 
optically inactive form has been synthesized, and has been resolved by means 
of its brucine salts into its optically active components. The Z-salt dissolves 
with difficulty. The specific rotatory power of the optically active methylethyl- 
acetic acid is [a]i> = i 17° 85' (Bor. 32, 1089). 

Calcium salty (C6H902)2Ca -|- 5H2O. 

Optically active methylethylacetic acid is present in valerian and angelica roots 
together with wovaleric acid, as already mentioned, and also in the products of 
oxidation of fermentation amyl alcohol (Ann. 204 , 159). Bure d -methylethyl- 
acetic acid is prepared by the oxidation of pure Z-amyl alcohol (p. 147) (Ber. 37 , 
1045) ; and has been found in the breakdown products of convolvulin (Vol. II). 

(4) Trimethylacetic acid, Pivalic acidy [Dimethyl-propane acid], (CH 3 ) 8 - 
C-COgH), is formed from ferf. -butyl iodide, (0113)301 (p. 163), by means of the 
cyanide ; also by the oxidation of pinacolin (p. 265), or by the breakdown of 
trirnetliyl acetophenone and he xamo thy lace tone by sodamido (see p. 299). The 
acid is .soluble in 40 parts HgO at 20°, and has an odour resembling that of acetic 
acid. 

Barium salty (05H90o)oBa -f 5H2O ; calcium salty (05H902)2Ca -f SHgO (C. 

1898, I. 202). 

HIGHER FATTY ACIDS 


The subjoined table contains the melting and boiling points of 
some of the higher fatty acids, the boiling pointR in parentheses being 
determined under 100 mm. pressure. 


Name. 

Formula. 

M.P. 

B.P. 

n-Hexoic acid (Caproic acid) . 

CH3(CH2)4C00H 

+ 8° 

205° 

isoButylacetic acid. 

(CH3)2CH(CH2)2000H 

— 

198° 

»ec.-Butylacetic acid 

CgHgCHMe-CHgCOOH 

— 

174° 

Diethylacetic acid .... 

(CaHJgCHCOOH 

— 

190° 

Methylpropylacetic acid . 

CH3(CH2)2-CHMeCOOH 

— 

193° 

MethyRsopropylacetic acid 

CHMegCHMeCOOH 

— 

191° 

Dimethylethylacetic acid . 

CMe,Et-COOH 

— 14° 

187° 

n-Heptoic acid (CEnanthic acid) 

CH3(CH2)5'C00H 

- 10-5° 

223° 

Methylbutylacetic acid 

CH3(CH2)3CHMeCOOH 

— 

210° 

Ethylpropylacetic acid 

CH3(CH2)2'CHEtCOOH 

— - 

209° 

Methyldiethylacetic acid . 

CMeEtgCOOH 

— 

208° 

n-Octoic acid (Caprylic acid) . 

CH3(CH2)eCOOH 

16-5° 

237° 

n-Nonoic acid (Pelargonic acid) 

CH3(CH2)7'C00H 

12-5° 

254° 

n-Decoic acid (Capric acid) 

CH3(CH2)8C00H 

31-4° 

270° 

n-Undecoic acid .... 

CH 3 (CH 2 )»C 00 H 

28-5° 

(212-5°) 

n-Dodecoic acid (Laurie acid) 

CH3(CH2)io*COOH 

43-5° 

(225°) 

n-Tridecoic acid .... 

CH3(CH2)nCOOH 

40-5° 

(236°) 

n-Tetradecoic acid (Myristic 
acid) 

CH3(CH2)i2COOH 

53-8° 

(220-5°) 

n-Pentadecoic acid 

CH3(CH2)i3COOH 

51° 

(260°) 

n-Hexadecoic acid (Palmitic 
acid) 

CH3(CH2)i4COOH 

62° 

(278-6°) 

n-Heptadecoic acid 

CH3(CH2)i3COOH 

59-9° 

(280-6°) 

n-Octadecoic acid (Stearic acid) 

CH3(CH2)i3COOH 

69-2° 

(291°) 

Arachidic acid 

CH3(CH2)i8COOH 

75° 

— 

Behenic acid 

C22H4402 

83° 

— 

Cerotic acid 

or C27H54O2 

78° 

— 

Melissic acid 

t^3oH60^2 

90° 
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X-ray spectra of the higher fatty acids, see J.C.S. 1926, 2310. 

A number of acids of the type CH 3 *(CH 2 )n*CHMe*COOH have 
been prepared (J. Soc. Chem. Ind. 46, 152t). 

A large number of fatty acids of the general type CHRR'-COOH 
have been synthesized by Adams and his colleagues (J.A.C.S. 52, 
1289). 

For the normal fatty acids from Cjg to Cge, see J. Biol. Chem. 
59, 905. 

The fatty acids which occur naturally in oils, fats and waxes are 
almost entirely those with an unbranched carbon chain containing an 
even number of carbon atoms. 

Caproic acid, n-Hexoic acid, CH3(CH2)4C02H, occurs in the form of its 
glyceryl ester in cow’s butter, goat butter, and in coconut oil. It is produced, 
together with butyric acid, in the butyric fermentation. 

(Enanthylic acid, n-Heptoic acid, CH3(CH2)6C02H, can easily be obtained 
as an oxidation product of oenanthol (p. 238). 

Caprylic acid, n-Octoic acid, CH 3 (CH 2)500211, occurs as its glyceryl ester 
in goat butter and in many fats and oils ; also in the fusel-oil of wine. 

Pelargonic acid, n-Nonoic acid, CH8(CH2)7C02H, is present in the leaves of 
Pelargonium roseum, and is prepared by the oxidation of oleic acid and oil 
of rue (methyl n-nonyl ketone, p. 205). It may also be obtained by the fusion 
of undecylenic acid with potassium hydroxide. 

n-Decoic acid, Capric acid, CH8(CH2)8COOH, is the first acid solid at 
ordinary temperatures. Preparation of pure decoic acid, J.C.S. 1931 , 2040. It 
is present as glyceride in butter, goat butter, coconut oil and other fats, and as 
amyl ester in fusel oil. 

n-Undecoic acid, CH3(CH2)9C02H, is obtained by reduction of undecylenic 
acid from castor oil. 

Laurie acid, n-Doderoic acid, CHg(CH2)iyC02H, occurs as its glyceryl ester 
in the fruit of laurels, Lauras yiohilis, in coconut oil (C. 1904, I. 259), and in 
pichurim beans. It is found as its cetyl ester in spermaceti. 

Myristic acid, n-Tetradecoic acid, CHg* (CH2)i2C02H, occurs in muscat butter 
(from Myristica moschata), in spermaceti and coconut, in rnyriatin (Ber. 18 , 
2011 : 19 , 1435), in earth-nuts (Ber. 22 , 1743), in ox-bile (Ber. 25 , 1829), and 
as free acid, as well as its methyl ester, in iris root (Ber. 26 , 2677). 

Palmitic acid, n-Hexadecoic aci^d , CH3(CH2)i4C02H. — The glyceryl 
ester of this acid and that ol stearic acid and oleic acid are the 
principal constituents of solid animal fats. Palmitic acid occurs 
in rather large quantities, partly uncombined, in palm oil. Sper- 
maceti is the cetyl ester of the acid, whilst the myricyl ester is the chief 
constituent of beeswax. The acid is most advantageously obtained 
from olive oil, which consists almost exclusively of the glycerides of 
palmitic and oleic acids ; also, from Japan wax, a glyceride of palm- 
itic acid (Ber. 21, 2265). The acid is artificially made by heating 
cetyl alcohol with soda-lime to 270° ; also by fusing together oleic 
acid and potassium hydroxide. 

Margaric acid, n-Heptadecoic acid, CH3(CH2)ibC02H, does not apparently 
exist naturally in the fats (Ber. 38, 1247). It is made in the laboratory by 
boiling cetyl cyanide with potassium hydroxide. Preparation from stearic acid, 
Ber. 56 , 1736. An artificial fat, “ irUarvin,'* containing glycerides of heptadecoic 
acid has been used in the treatment of diabetes. (See Kahn, Proc. Soc. Exp. 
Biol, and Med. 1922, 19 , 265.) 

Stearic acid, n-Octodecoic acid, CH3(CH2)i6C02H, is associated 
with palmitic and oleic acids as a mixed glyceride in solid animal 
fats — the tallows. Its name is derived from (neag = tallow. It can 
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be obtained by the hydrogenation of oleic acid in presence of finely 
divided platinum, palladium or nickel (see p. 349). 

Arachidic 2iCid^Eico8oic acid^ CH3(CH2)i8COOH, occurs in earth-nut oil (from 
Arachia hypogea). Preparation, see J.C.S. 127, 70. Theobromic acid, m.p. 72°, 
from cacao butter appears to be identical with arachidic acid. 

Behenic acid, C 226440 2, occurs in the oil from Moringa oleifera and is prepared 
by the reduction of erucic acid (Ber. 27, R. 577 : C. 1897, II. 1101 : Monatsh. 
34, 1113). 

Lignoceric acid, C 24 H 47 O 2 , occurs as glyceride in Arachis oil and free in 
the tar from beech wood and brown coal It contains a branched carbon chain 
(Monatsh. 34, 1113 : Ber. 59, 36). It is formed by the oxidation of cerebronic 
acid with permanganate in acetone (J. Biol. Chem. 26, 115). 

Cerotic acid, C2eH5202 (Ber. 30, 1418), occurs together with melissic acid, 
in a free condition in beeswax, and may be extracted from this by means of 
boiling alcohol. As its ceryl ester, it is the chief constituent of Chinese wax 
(Ber. 30, 1415). Its name is derived from cera — wax. An apparently identical 
acid has been obtained from Arachis oil (Bor. 59, 36). 

An acid, C26H52O2 (phthioic acid), has been obtained from tubercle bacilli 
{Anderson, J. Biol. Chem. 85, 77). 

Montanic acid, CjgHsgOa, occm*s partly as ester, partly as free acid in 
the so-called “ Montan-wax ” from brown coal distillation (Monatsh. 34, 1143). 

Melissic acid, CsoHfloOg, m.p. 88°, is formed from myricyl alcohol (p. 149) 
when the latter is heated with soda-lime. It is a waxy substance, and appears 
to be a mixture of two acids. 

The acids mentioned in the table, but not described here, have been prepared 
by the usual synthetic methods. Some of them will be encountered later in 
the form of oxidation or reduction products of complicated, complex aliphatic 
derivatives. 


Synthesis and Degradation of the Fatty Acids 

Synthesis. — The synthetic methods for the production of the fatty acids are 
not all equally well adapted for this purpose. Reactions especially fitted for 
the synthesis of the higher mono- and dialky lacetic acids, are based on the 
behaviour of acetoacetic ester and malonic ester (methods 13 and 15). Trialkyl- 
acetic acids cannot be synthesized in this way. The nitriles of the latter, e.g, of 
trimethylacetic acid, are obtained from the iodides of the corresponding tertiary 
alcohols. The nitrile synthesis renders the formation of acids from alcohols 
possible, and inasmuch as acids can be reduced to aldehydes and alcohols by the 
reduction of the acid chlorides (p. 314), the synthesis of these two classes of bodies 
is made possible. Lichen, Rossi, and Janccek (Ann. 187, 126), beginning with 
methyl alcohol, systematically prepared the normal acids and corresponding 
alcohols up to oenanthic acid, according to the following scheme : 

CH3OH CHgi > CHsCN CHaCOaH > CHaCHO 

Methyl alcohol. Methyl iodide. Methyl cyanide. Acetic acid. Acetaldehyde. 




CHjOH > CHjI > CHaCN > CHaCOgH > CHgCHO 

I II I I etc. 

CH, CHj CH, CH, OH3 

Ethyl alcohol. Ethyl iodide. Ethyl cyanide. Propionic acid. Propioualdehyde. 

Degradation. — The following reactions are of importance in the degradation 
of the normal fatty acids : 

(1) The formation (9, p. 298) of carboxylic acids by the oxidation of mixed 
methyl n-alkyl ketones, in which the CO-group remains in combination with the 
methyl group. 

(2) The reaction (15, p. 191) of acid amides with bromine and potassium 
hydroxide. 

(3) The action of alkalis on the a-bromo acid amides. 

(4) The oxidation of the ammonium salts with hydrogen peroxide. 

(5) The action of iodine on the silver salts. 

(6) The oxidation of the olefinecarboxylic acids, produced by bromination 
and subsequent abstraction of HBr. 
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(7) The heating of a -hydroxy -fatty acids, obtained from a-bronio-fatty acids, 
whereby the next lower aldehyde is obtained {cf. p. 4111). 

(8) Oxidation of the tertiary alcohol, or of the olefine formed by loss of 
water from the alcohol, obtained by the action of magnesium methyl iodide on 
the esters. 

Examples of these Degradation Reactions . — 1. The first t>f these reactions was 
employed systematically by F. Kra fft for the breaking-down of stearic acid into 
normal fatty acids of known constitution, from which it was concluded that 
stearic acid and the lower homologues derived from it possessed normal con- 
stitution. Upon distilling barium stearate, (Ci7H35C02)2Ba, and barium acetate, 
(CH3C02)2Ba, methyl heptadecyl ketone, C17H35OOCH3, results. When this is 
oxidized it breaks down into margaric acid, Cj^HagCOgH, and acetic acid. Barium 
margarate and barium acetate yield methyl hexadecyl ketone, CigHgg-CO-CHa, 
and this, by oxidation, passes into palmitic acid, C15H31CO2H, and acetic 
acid, etc. : 


(ClvHggCOgjgBa > 
Barium stearate. 

(C„H„COj),Ba - 

Barium margarate. 


(CH,CO,)*Ba 


- aeHggCOCHg 


^CieH33C02H 

Margaric acid. 

.C13H31CO2H 

Palmitic acid. 


2. A. W. Hofmann (Ber. 19, 1433) discovered the second method, which will be 
treated more fully in connection with the acid amides and nitriles (pp. 190, 321) ; 
here only the diagrammatic representation of the course of reaction need be 
given. When the acid amides are treated with bromine and sodium hydroxide 
they lose the CO -group in the form of COg and pass into the next lower primary 
amines, which, by further treatment with the same reagents, become converted 
into the nitrile of a carboxylic acid containing an atom less of carbon, and its 
amide is still capable of a like transformation. By this method the higher, 
more easily obtained, normal fatty acids can bo changed into lower acids : 


C13H27CONH2 

Myristamide. 


‘ O18H27NH2 • 

Tridecylamine. 


Tridecyl nitrile. 


C12H25CONH 

Tridccylamide. 


The degradation of the acid hydrazides, via the azides, to urethanes leads 
to the same result (Curtius, Ber. 27, 779: 29, 1166). 

(3) The a-bromo-acid amides break down when heated with potassium 
hydroxide into HCN, HBr and an aldehyde or ketone containing one carbon 
atom less (Monatsh. 29, 69) : 


RCHBrCONHa 


-> R CHO + HCN + HBr. 


(4) The ammonium salts of fatty acids, when warmed with dilute hydrogen 
peroxide, yield a ketone containing one carbon atom less, the chain being oxidized 
in the position (J. Biol. Chem. 49, 123: cf. Am. Chem. J. 44, 41). This 
reaction resembles the probable jS-oxidation of fatty acids which occurs in the 
animal body : 

R CH2 CH2 COONH4 R CO CH3. 

(See also Dakin, Oxidations and Reductions in the Animal Body, London, 1922 : 
Z. physiol. Chem. 67, 490.) 

(5) The silver salts of the fatty acids yield the ester of the next lower alcohol, 
with loss of CO2 when warmed with iodine (Monatsh. 13 , 320 : 14 , 81 : Ann. 
446 , 49) : 

2R COOAg -f I2 ^ R COOR + CO2 + 2AgI. 

In the cold, complex compounds containing silver and iodine are formed (Con- 
stitution, see Ann. 446 , 52). 

(6) Bromo -valeric acid, obtained from the fatty acid, gives up HBr to diethyl 
aniline or quinoline, becoming changed to ethylacrylic acid. This olefine mono- 
carboxylic acid yields, on oxidation, propionic acid (C. 1899, I. 778) : 


Valeric acid. 


CHgCHgCH = CHCOOH 

Ethylacrylic acid. 


CHa-CHa-COOH. 

Propionic acid. 


(7) a-Bromopelargonic acid, obtained from the unsubstituted acid, when 
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boiled with aqueous potassium hydroxide, yields a-hydroxypelargonic acid, which 
gives octyl aldehyde on being heated to 260"* : 

CH3[CH2]7CH2C00H CH3[CH2]7CHBrCOOH 

CH3[CH2]7CH(0H)C00H CH3[CH2],CH0. 

(8) The dimethylnonylcarbinol obtained from capric acid by the action of 
magnesium methyl iodide, or the hydrocarbon obtained from the alcohol by 
loss of water, yield pelargonic acid when oxidized with permanganate (Compt. 
rend. 156, 144:i) : 

CH3(CH.,)7 CH2 C00K CH3(CH2), CH2 0Me20H ^ 

: CMe., CH 3 (CH 2 ) 7 -COOH. 

Technical Application of the Fats and Oils 

Animal fata, especially mutton and beef -tallow, the nature of which 
was made clear by the classic researches of Chevreul in the beginning of 
last century, consist mainly of a mixture of glyceryl esters of palmitic, 
stearic, and oleic acids, which are commonly called palmitin, stearin, 
and olein. They are used in the preparation of margarine, in the 
manufacture of stearin candles, soaps, and plasters, from the acid 
esters contained in them, and for the manufacture of glycerol [q.v.). 
Palm oil, coconut oil, and olive oil are also used as raw material. 

The so-called stearin of candles consists of a mixture of stearic and 
palmitic acids. For its preparation, beef -tallow and suet, both solid 
fats, are saponified with calcium hydroxide or sulphuric acid, with 
superheated steam, or by the action of ferments present in some seeds, 
such as castor-oil beans (Ber. 37, 1436). The acids which separate are 
distilled with superheated steam. The yellow, semi-solid distillate, 
a mixture of stearic, palmitic, and oleic acids, is freed from the liquid 
oleic acid by pressing it between warm plates. The residual, solid 
mass is then melted together with some wax or paraffin, to prevent 
crystallization occurring when the mass is cold, and moulded into 
candles. 

When the fats are saponified by potassium or sodium hydroxide, 
salts of the fatty acids — soaps — are produced, e.g. sodium palmitate, 
according to the equation : 

CH20C0(CH2)j4CH3 

I I 

CHO CO(CH 2 )i 4 -CH 3 f 3NaOH - CH OH + 3CH3(CH2)i4COoNa. 

I I 

CH20C0(CH2)i4-CH3 CH 2 OH 

Palmitin. Glycerol + Sodium palmitate. 

The sodium salts are solids and hard, whilst those of potassium are 
soft. Sodium chloride will convert potassium soaps into sodium soaps. 
In small quantities of water these salts of the alkalis dissolve com- 
pletely, but with an excess of water they suffer hydrolytic dissocia- 
tion into alkali and fatty acid. This is the cause of the emulsifying 
action of soap, whereby it is enabled to take up fatty materials, and 
so exercise its detergent action (Ber. 29, 1328). The other metallic 
salts of the fatty acids are sparingly soluble or insoluble in water, 
but generally dissolve in alcohol. The lead salts, formed directly by 
boiling fats with litharge and water, constitute the so-called lead 
plaster. 

Characterization of Fats. — Saponification number. — The amount 
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of KOH used in the saponification of fats is a characteristic value 
for each fat. The number of milligrammes of KOH used in the 
saponification of 1 gm. fat is known as the saponification number. 

Iodine Value . — Another characteristic of the natural fats is the 
amount of halogen (reckoned as iodine) they are capable of combin- 
ing with. This depends, of course, on the quantity and nature of 
the unsaturated acids in the fat. The principal methods for its 
determination depend upon the use of a solution of iodine and mer- 
curic chloride in alcohol (Hilbl) or a solution of iodine monochloride 
in glacial acetic acid {Wijs). 

Methods for the determination of the above, and the results for 
different fats are given in Lewkowitschy Technology of Oils, Eats and 
Waxes, 6th edn., London, 1921. 

The natural fats almost invariably contain a mixture of several 
fatty acids and unsaturated acids. When investigated carefully, 
natural glycerides are always found to contain more than one fatty 
acid (see Hilditch, Proc. Roy. Soc. [B] 103, 113). 

For the separation of the fatty acids in such a mixture, the fol- 
lowing methods are used ; 

(1) Fractional precipitation with magnesium acetate (J. pr. Chem. 

66, 3). 

(2) Fractional distillation of the acids in a high vacuum. 

(3) Fractional distillation of the esters in a high vacuum (Z. angew. 
Chem. 24, 1054). 


FATTY ACID DERIVATIVES 

1. ESTERS 

The esters of the fatty acids have some similarity with the esters 
of the mineral acids (p. 159) and are prepared by similar methods. 

Methods of Formatiov. - (Ij By direct action of acids and alcohols, 
whereby water is formed at the same time : 

C2H5OH + C2H3OOH = C2H5OC2H3O + H2O. 

This reaction, as already stated, only takes place slowly (p. 160) ; heat hastens 
it, but it is never complete. A detailed investigation into the formation of 
esters, which is of importance to the study of chemical dynamics, was carried 
out by Berthelot and P6an de St. Gilles. 

If equivalent quantities of alcohol and acid be mixed, after a certain time 
a state of equilibrium will prevail between alcohol, acid, ester, and water ; if 
any further quantity of ester were formed it would bo hydrolysed back to alcohol 
and acid by the water. In the case of acetic acid and ethyl alcohol, for example, 
this point is reached when about two -thirds of the acid has been esterified. If, 
however, an excess of alcohol is added to the mixture, the point of equilibrium 
is shifted in the direction of increased ester formation, so that a mixture of one 
equivalent of acetic acid and eight equivalents of alcohol is only in equilibrium 
when 0*945 equivalent of ester have been formed. The course of such a reaction 
is directed by the Law of Maas Action, developed by Guldberg and Waage (1867), 
and by van ’t Hoff, which enunciates that the reaction between two bodies 
is dependent, not only on their affinity constant, but also on their relative con- 
centrations. 

In the case of esterification, if we designate as C*cu and Caic the molar con- 
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centration of the acid and alcohol in the reacting mixture, then the velocity of 
the ester formation will be given by the equation : 

V-^ ~ Cacid'Calc'Kj, 

where is a constant dependent on the nature of the reacting substances. 

Similarly, the velocity of the reverse process, hydrolysis, is given by the 
equation : 

^2 “ ^ester*Cwater*K2, 

where Ce«ter and Cwater represent the molar concentration of these substances 
and Kg is another constant. 

At equilibrium, the two reactions, esterification and hydrolysis, are pro- 
ceeding at equal speeds, so that — Vg, or 

Cacld‘Calc*Kj = CeaterC^water'Kg. 

From this we deduce the equation : 

Cadd'Calc Kg „ 

'Ce«ter*Cwater~ ’ 

or, expressed in words, the ratio of the product of the molar concentrations of 
the reactants to the product of the molar concentrations of the products, is at 
equilibrium, equal to the reciprocal of the ratio between the velocity constants. 

From this equation, which is applicable to all bimolecular reactions where 
two substances A and B react to form two products C and D, it is readily seen 
that the process of esterification will proceed further if the ester or the water is 
removed from the reaction. Where the ester is readily volatile, this can be 
effected by distillation. 

It is important to realize that while the attainment of equilibrium may be 
markedly hastened by the use of various catalysts, the position of such equili- 
brium is in no way altered. A collection of the various calculations applicable 
to such reactions is foimd in Ber. 17 , 2177: 19 , 1700. Menschutkin has investi- 
gated the ester formation of various homologous series of acids and alcohols 
(Ann. 195 , 334 : 197 , 103 : Ber. 15 , 1445, 1572 : 21 , R. 41). It was found 
that the normal primary alcohols possessed the same velocity of reaction except 
methyl alcohol, which showed an increased value. The secondary alcohols 
entered more slowly into combination, and the tertiary slowest of all. Among 
the acids, formic acid exceeded that of acetic acid, and this in turn the homo- 
logues, in the initial velocity of esterification ; apart from this they showed a 
diminishing velocity with increasing molecular complexity. Acids in which 
a primary alkyl group was contiguous to a carboxylic group, had a greater 
velocity than when a secondary alkyl group occupied that position, which in 
turn was greater than when a tertiary group was substituted. 

From the practical point of view, direct esterification by the reaction between 
the acid and the alcohol is too slow, but by the addition of a strong mineral acid 
it can be markedly accelerated. The acceleration produced is proportional to 
the hydrogen ion concentration of the mixture. 

The process is therefore usually carried out in one of the following manners. 
(a) The acid or one of its salts is distilled with a mixture of the alcohol and 
sulphuric acid. This method is only applicable to the preparation of esters of 
low boiling point. (6) The acid is heated with five to ten times the quantity of 
about 5 per cent, alcoholic hydrochloric or sulphuric acid, for several hours, the 
excess alcohol distilled off, and the ester separated by dilution with water (Ber. 
28 , 3201, 3215, 3252 : cf. Compt. rend. 156 , 1620). In the case of acids which 
esterify with difficulty, it is frequently desirable to dissolve the acid in excess 
alcohol and to saturate the solution with HCl gas {cf. Z. physikal. Chem. 66, 
275). (c) Another method of preparing esters consists in passing a mixture of 

the alcohol and acid over titanium oxide at 300° (Chem. Ztg. 37, 777). 

(2) Double decomposition of the alkyl esters of mineral acids with 
salts of the organic acids : 

(a) By the action of the alkyl halides on salts of the acids, e.g. 
alkyl iodides and silver salts ; or conveniently, the thallium salts 
(J.C.S. 1926, 937) : 

CgHgl + CHsCOOAg = CHaCOOCjHj + Agl. 
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(6) By the dry distillation of a mixture of the alkali salts of the 
fatty acids and salts of alkyl sulphates ; 

+ CH.COOK = CHsCOOCjHj + 

(c) The methyl ester can be prepared from the sodium or potas- 
sium salt of the acid and dimethyl sulphate (Ber. 37 , 4144 : Ann. 
340 , 244) : 

2CH8COOK -I- (CH3)2S04 = 2CH8COOCH8 + 

(3a) By the action of acid chlorides (p. 314) or acid anhydrides 
(p. 317) on the alcohols or alcoholates ; and by the action of anhydrides 
or acid chlorides on alcohols in the presence of tertiary bases such as 
pyridine (Ber. 34 , 3554) : 

CaHfiOH + CHgCOCl = + HCl. 

C2H5OH + (CH3C0)20 - CH3COOC2H5 + CH3COOH. 

In these reactions, it is sometimes more convenient to employ instead of the 
simple alcoholates, the halogen magnesium alcoholates liOMgX (prepared from 
alkyl magnesium halides and alcohols), on account of their solubility in ether 
(Ber. 39, 1736 ). 

( 35 ) By the action of acid chlorides on alkyl ethers in the presence 
of zinc chloride, e.g. ethyl ether and acetyl chloride yield chloroethane 
and ethyl acetate (Compt. rend. 132 , 1129). 

(4) By the action of diazomethane on the acids (Ber. 31, 501 : 
Monatsh. 22 , 229) : 

R COOH + CH2N2 ^ R COOCHg + Ng. 

(5) Acid nitriles are converted directly into esters when they are 
dissolved in alcohol and are subjected to the passage of HCl gas, or 
are heated with dilute acid (p. 326). 

(6) Electro-syntheses of monocarboxylic esters, see p. 298. 

(7) The fats, i.e. the glycerides of the fatty acids, are converted 
into the esters of the simple alcohols when heated with the alcohol 
in presence of hydrochloric acid (Compt. rend. 143 , 657 : 146 , 259). 

Properties. — Usually, the esters of fatty acids are volatile, neutral 
liquids, soluble in alcohol and ether, but generally insoluble in water. 
Many of them possess an agreeable fruity odour, and are prepared in 
large quantities, as they find extended application as artificial fruit 
essences. Nearly all fruit-odours may be made by mixing the different 
esters. The esters of the higher fatty acids occur in the natural 
varieties of wax. 

Consult Ber. 14 , 1274 : Ann. 218 , 337 : 220 , 290, 319 : 223 , 247, 
upon the boiling points, the specific gravities and specific volumes of 
the fatty acid esters. 

Reactions. — (1) When the esters are heated with water they undergo 
a partial decomposition into alcohol and acid. This decomposition 
(saponification or hydrolysis) (p. 130) is more rapid and complete on 
heating with alkalis in alcoholic solution : 

C2H3O OC2H5 4- KOH = C2H3O OK -f C2H3 OH. 

Consult Ann. 228 , 257, and 232 , 103 : Ber. 20 , 1634, upon the 
velocity of saponification by various bases. 

(2) Ammonia changes the esters into amides (p. 321) : 

C2H,00C,H5 + NHg = CgHjONH* + CgHgOH. 
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(3) The halogen acids convert the esters into acids and alkyl 
halides (Ann. 211 , 178) : 

CgHaO-O-CjjHfi + HI = C 2 H 3 OOH + C 2 H 6 I. 

This reaction enables the methoxy and ethoxy groups in esters 
to be estimated by Zeisel’s method (see p. 11). 

(4) By the action of PClg the substituted hydroxyl oxygen is 
replaced by chlorine, and both radicals are converted into halogen 
derivatives. For the course of this reaction, see Oxalic ester. 

CaHgO O-CaHs + PClg - C 2 H 3 O CI + C^HgCl + POCI 3 . 

(5) The esters of the higher alcohols break down into fatty acids 
and olefines when heated or distilled under pressure. The same 
change takes place with the lower esters under the catalytic influence 
of the oxides of titanium, thorium, etc. (Chem. Ztg. 37, 778). 

(6) By reduction with sodium and absolute alcohol, the esters are 
reduced to the primary alcohol corresponding to the acid (C. 1905, 
II. 1700) : 

CH 3 (CH 2 ) 4 COOEt CH 3 (CH 2 ) 4 CH 20 H. 

(7) Potassium reacts with esters in absolute ethereal solution to 
form enolates (Ber. 53, 388). Such enolates are very reactive com- 
pounds and play a part in the acetoacetic ester condensation (see 
p. 467) : 

2CH3-COOEt -f 2K ► 2 CH 2 : C(OEt)(OK) + H 2 . 

The esters of formic acid have already been described (p. 283). 

Esters of Acetic Acid. — The methyl ester y methyl acstatcy C 2 H 302 *CH 3 , b.p., 
57*5°, Do = 0*9577, occurs in crude wood-spirit. When chlorine acts on it the 
alcohol radical is first substituted ; C 2 H 302 *CH 2 U 1 , b.p. 150^ ; CgHoGa'CHClg, 

b.p. 148°. 

Ethyl esteVy Ethyl acetate (loosely called acetic ether) {/Ether acctwus of the 
B.P.), CHgCOOEt, b.p. 77°, m.p. — 82°, Dq == 0*9238. It is obtained technically 
from alcohol, acetic acid and sulphuric acid, or more recently from acietylene, 
via acetaldehyde, the ester being obtained from the aldehyde by the action of 
aluminium ethoxide (D.R.P. 308043, C. 1918, II. 693) : 

CH CH CH3*CH0 ^ CH 3 COOEt. 

This method is also applicable to the preparation of higher esters (J.A.C.S., 
45 , 3013 : c/. D.R.P. 282660 : C. 1915, 1. 516). 

It is a pleasant-smelling liquid, largely used as a solvent and for the prepara- 
tion of acetoacetic ester. Chlorine produces substitution products by attacking 
the alkyl group. 

n-Propyl ester y b.p. 101° ; isoPropyl ester y b.p. 91°. 

Xi’Butyl ester, b.p. 124° ; iaoButyl ester, b.p. 116° ; &ec. -Butyl ester, b.p. 111° ; 
tert.-Butyl ester, b.p. 96° ; n-Amyl ester, b.p. 148°. 

Methyl-n-propylcarbinol acetate, b.p. 133”. Methylmopropylcarbiuol acetate , 
b.p. 125°, is decomposed into amylene and acetic acid at 200°. 

180 Amyl acetate {acetic ester of fermeritation amyl alcohol), b.p. 140°, in dilute 
alcoholic solution possesses the odour of pears and is employed as “ pear oil.” 
It is used also in the varnish industry. 

n-Hexyl ester, b.p. 169-170°, occurs in the oil of Heradeum giganteum, and 
possesses a fruit-like odour. n-Octyl ester, b.p. 207°, is also present in the oil 
of Heradeum giganteum, and has the odour of oranges. 

Allyl ester, b.p. 98-100°. 

For higher acetic esters, see Ann. 233 , 260. 

The acetates of the hjyothetical aa-glycols, R*CH( 0 *C 0 CH 3 ) 2 , have already 
been described in connection with the aldehydes (p. 244). The acetates of the 
polyhydric alcohols will be described later, imder the alcohols from which they 
are derived. 
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Esters of Propionic Acid. — Methyl eater, b.p. 79*6° ; Ethyl eater, b.p. 98-8° ; 
n-Propyl eater, b.p. 122° ; isoButyl eater, b.p. 137° ; isoAmyl eater, b.p. 160°, has 
an odour like that of pineapples (see Ann. 233, 253). 

Esters of n- Butyric Acid. — Methyl ester, b.p. 102*3°, has an odour like that 
of apples ; ethyl cater, b.p. 120*9°, has a pineapple -like odour, and is employed 
in the manufacture of artificial rum. Its alcoholic solution is the artificial 
pineapple oil, 

n-Propyl eater, b.p. 143° ; iaoPropyl eater, b.p. 128° ; i^oButyl eater, b.p. 157° ; 
imAmyl eater, b.p. 178°, possesses an odour resembling that of pears ; n-Hexyl 
eater, b.p. 205° ; and n-Octyl ester, b.p. 244°, are found in the oil obtained from 
various species of Heracleum (see above) ; the octyl ester also occurs in Paatinaca 
aativa (Ann. 163, 193 ; 166, 80 ; 233, 272). 

Esters of isoButyric Acid. — Methyl eater, b.p. 92*3° ; Ethyl ester, b.p. 110° ; 
n-Propyl eater, b.p. 135° (Ann. 218, 334). 

Esters of the Valeric Acids. — ^n-Fa^eric ethyl ester, b. p. 144°, (Ann. 233, 
274); iso-FaZenc ethyl eater, b.p. 135°; iso-FaZcr^ isoamyl eater, b.p. 194°. 

Methylethylacetic ethyl eater, b.p. 133*5° (Ann. 195, 120) ; Trimethylacetic ethyl 
eater, b.p. 118° (Ann. 173, 372). 

Esters of the Hexoic Acids. — n-Hexoic ethyl ester, b.p. 167° ; isoButylacetic 
ethyl eater, b.p. 161°. 

n-Heptoic ethyl ester, b.p. 187-188° ; n-Octoic ethyl ester, b.p. 207-208° 
(Ann. 233 , 282) ; n-Nonoic ethyl eater, b.p. 227-228° ; n-Capric ethyl eater, b.p. 
243-245° ; n-Capric isoamyl eater, b.p. 275-290° (decomp.), is the principal 
constituent of the fusel oil of wine. 

Laurie ethyl eater, b.p. 269° ; Myriatic ethyl eater, m.p. 10-11°, b.p. 295°. 

Spermaceti and the Waxes 

Some of the esters with high molecular weights occur already 
formed in spermaceti and the waxes. This fact has been noted in 
connection with the corresponding alcohols and acids. The waxes 
are distinguished from the fats in that they consist of esters of mono- 
hydric alcohols with high molecular weight, whereas the fats are the 
esters of the trihydric alcohol, glycerol. Spermaceti belongs to the 
wax variety. 

Spermaceti, Cetaceum, occurs in the oil from peculiar cavities in the heads 
of whales (particularly Phyaeier macrocephalua), and upon standing and cooling 
it separates as a white crystalline ma«s, which can be purified by pressing and 
recrystallization from alcohol. It consists of cetyl palmitatc, CifiHgiOg-CiBHga, 
m.p. 40°, which crystallizes from hot alcohol in waxy, shining needles or leaflets. 
It volatilizes undecomposed in a vacuum. Distilled under pressure, it yields 
hexadecylene and palmitic acid. When boiled with alcoholic potassimn hy- 
droxide it gives palmitic acid and cetyl alcohol (p. 149). 

Waxes. — Ordinary beeswax, m.p. 61-64°, is a mixture of cerotic acid, C26HB2O2 
or C27H54O2, with myricyl palmitate, ggHgi. Boiling alcohol extracts 

the cerotic acid and the ester, myricin, remains (Ann. 224, 225). Consult Ann. 
235, 106, for other constituents of beeswax. 

Camauba wax, m.p. 83°, occurs in the leaves of the carnauba tree, and contains 
free ceryl alcohol and various acid esters (Ann. 223, 283). 

Chinese wax or Insect wax is obtained by the Coccus ceriferus, Fabr., from 
the Chinese ash, Fraxinua chinensia. It consists mainly of ceryl cerotate, 
^26^61^2*^ jgHgg, m.p. 81°. It is decomposed into cerotic acid and ceryl alcohol 
by alcoholic potassium hydroxide. 

2. ACID HALIDES, OR HALOID ANHYDRIDES OF THE FATTY 

ACIDS 

The acid halides (or haloid anhydrides of the acids) are the de- 
rivatives which arise in the replacement of the hydroxyl of acids by 
halogens ; they are the halogen compounds of the acid radicals. They 
have been termed haloid a^ydrides, because they can be viewed as 
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mixed anhydrides of the fatty acids and the halide acids, as shown 
by method of formation ( 1 ) of the acid chlorides. 

Acid Chlorides. — Formation. — (1) From fatty acids and hydro- 
chloric acid, by means of P 2 O 5 : 

CHg-COOH 4- HCl ■ — % CH3 COCI + H3O. 

(2) By the action of hydrochloric acid gas on a mixture of an 
acid nitrile and a carboxylic acid or an anhydride at 0 °. The hydro- 
chloride of the acid amide is produced at the same time (Ber. 29, 
R. 87) : 

CH3CN + CHaCOOH + 2HC1 - CH3CONH2 HCI + CH3COCI. 

(3) By the action of chlorine on aldehydes : 

CHaCOH + Cla = CH3COCI + HCl. 

(4) A far more important method of formation consists in acting 
with phosphorus halides on the acids or their salts — just as the alkyl 
halides are produced from the alcohols (p. 161) : 

{a) CH3COOH -f PClg =. CH3COCI + POCI3 + HCl 

(6) SCHgCOOH + PCI3 = 3CH3COCI + H3PO3 

(c) 2 CH 3 COONa + POCI 3 = 2 CH 3 COCI + NaPOa -f NaCl. 

In the presence of an excess of the salt, the anhydride of the acid 
is obtained instead of the expected acid chloride. 

(5) Carbon oxychloride (Ber. 17 , 1285 : 21 , 1267) and thionyl 
chloride (C. 1901, II. 527) react similarly to the phosphorus chlorides 
on free acids and their salts ; as well as p-toluene sulphochloride or 
sodium chlorosulphonate, NaOSOaCl, on the salts (C. 1901, II. 518 : 
1904, I. 65) when acid chlorides and anhydrides are formed : 

C2H3OOH + COCI2 = C2H3OCI + HCl 
CHaCOONa -f NaOSOfi] = CH3COCI + (Na0)2S02. 

( 6 ) Acid chlorides are also produced by the interaction of phos- 
gene and zinc alkyls (p. 298). 

Historical. — Liebig and Wdhler obtained the first acid chloride in 1832, when 
they treated benzaldehyde, CgHgCOH, with chlorine and obtained benzoyl 
chloride, CgHgCOCl, the chloride of the simplest aromatic acid — benzoic acid. 
In 1846, Cahours discovered the method of producing aromatic acid chlorides 
by the action of phosphorus pentachloride on monocarboxylic acids. Acetyl 
chloride was first prepared in 1851 by Oerhardt (Ann. 87, 63) by treating sodium 
acetate with phosphorus oxychloride. 

Acid Bromides. — (1) The phosphorus bromides act like the corresponding 
chlorides on the fatty acids or their salts. A mixture of amorphous phosphorus 
and bromine may be employed as a substitute for the bromide itself. 

(2) The acid chlorides can be converted into the bromides by the action of 
excess of gaseous hydrogen bromide (Ber. 46, 1417, 2162). 

(3) An interesting method for preparing the bromides of brominated acetic 
acids consists in acting with air on certain bromide derivatives of ethylene, 
whereby oxygen is absorbed, and an intramolecular atomic rearrangement takes 
place. The reaction probably proceeds via the intermediate formation of an 
ethylene oxide (see p. 367 and Ber, 46, 143 : J. pr. Chem. [2], 85, 78). 

O 

CHg-CBrg V /\ > CHgBr-COBr, 

CH 2 — CBr 2 
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Acid Iodides. — Phosphorus iodide does not convert the acids into iodides of 
the acid radicals ; this only occurs when the acid anhydrides are employed. 
They are also produced by the interaction of acid chlorides and hydriodic acid 
or calcium or magnesium iodides. 

Acid Fluorides. — Acetyl fluoride is a gas with an odour resembling that of 
phosgene. It is formed in the action of AgF or AsFg on acetyl chloride. A 
better procedure consists in allowing acid chlorides to act on anhydrous zinc 
fluoride. Propionyl fluoride, CH3*CH2*COF, b.p. 44° (C. 1897, I. 1090). 

Properties avd Reactions. — The acid halides are sharp -smelling 
liquids, which fume in the air. They are heavier than water. (1) 
At ordinary temperatures in contact with water they decompose, 
forming carboxylic acids and halogen acids. The more readily soluble 
the resulting acid is in water, the more energetic will the reaction be. 

The acid chlorides act similarly on many other bodies. (2) They 
yield esters, with the alcohols or alcoholates (p. 312). (3) With salts 

or acids they yield acid anhydrides (p. 317), and (4) with ammonia, 
the amides of the acids, etc. (p. 321). (5) Tertiary amines withdraw 

HCl from the acid chlorides, possibly with the intermediate formation 
of ketens, R 2 C=CO, which undergo further change. Acetyl chloride 
yields dehydracetic acid, C 8 Hfi 04 (q.v.) ; ^t9obutyry] chloride gives 
tetramethyldiketoc^cZobutane [(CH 3 ) 2 C-CO ]2 (Vol. II) (Ber. 39, 1631). 

(6) Sodium amalgam, or better, sodium and oxalic acid (Ber. 2, 
98), will convert the acid chlorides into aldehydes (p. 226), which 
can be further reduced to primary alcohols (p. 131). In the presence 
of ‘‘ sulphured quinoline ” the reduction to aldehydes can be carried 
out catalytically by hydrogen and palladium (Ber. 51 , 585 : 54 , 2888 : 
55 , 609). 

(7) They yield ketones and tertiary alcohols when treated with 

the zinc alkyls (pp. 257, 132). (8) By the action of silver cyanide 

they pass into the acyl cyanides, which are described as the nitriles 
of the a-ketone carboxylic acids. (9) Di- and poly- carboxylic acids, 
having the power of forming anhydrides, are converted into their 
anhydrides when treated with acid chlorides. 

(10) The acid chlorides reaot with diazomethane with the primary 
formation of a diazoketone : 

R COCl + CH2N2 R CO CHN2 + HCl. 

Under certain circumstances a chloro-ketone is formed by the action 
of the halogen acid on the diazo compound (J.C.S. 1928 , 1310, 2904 : 
see, however, J.C.S. 117 , 1153 : J.A.C.S. 46 , 2554 : Ber. 60 , 1026, 
where the primary formation of a chloroketone is postulated). 

Acetyl chloride, Ethanoyl chloride, CHg-CO-Cl, b.p. 55°, Do = 1130, is 
formed according to the general methods applied in the production of acid 
chlorides, and is prepared by carefully distilling a mixture of acetic acid (3 
parts) and PCI3 (2 parts), or, by heating POCI3 (2 molecules) with acetic acid 
(3 molecules), as long as HCl escapes, and then distilling (Ann. 175, 378). The 
acetyl chloride is purified by a second distillation, this time over a little dry 
sodium acetate. 

It is a colourless pungent-smelling liquid, rapidly decomposed by water, with 
formation of acetic acid. Chlorine reacts with acetyl chloride to form the 
chlorides of the chlorinated acetic acids. It reacts with aluminium chloride 
to produce acetylacetone {q-v.). 

Acetyl hroumdCi b.p. 81°. Acetyl iodide, b.p. 108°. 

Propionyl chloride, CHj-CHaCOCl, b.p. 80° ; bromide, b.p. 104° ; iodide, 
b.p. 127°. 
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Butyryl chloride, C 4 B 7 OCK b.p. 101 ° (Ber. 34, 4051 ). Aluminium chloride 
changes it to triethyl phloroglucinol (Ber. 27, R. 507 ; bromide, b.p. 128'' ; n- 
iodide, b.p. 146°; /d^oButyryl chloride, (CH 3 ) 2 CH-COCl, b.p. 92°; bromide, 
b.p. 116°. 

Valeryl chloride, b.p. 127°; /.soValeryl chloride, CgHgOCl, b.p. 114-5°; 
bromide, 148° ; iodide, h.^. 168°. Trimethylacetyl chloride, b.p. 105-106°* 

n-Caproyl chloride, CH 3 (CM 2 ) 40001 , b.p. 146° ; Diethylacetyl chloride, 
(C 2 H 6 ) 2 CH 0001 , b.p. 135° ; Dimethylethylacetyl chloride, ( 0113 ) 2 ( 02115 ) 
0 - 0001 , b.p. 132°. 

Oonsult Ber. 17, 1378 : 19, 2982 : 23, 2384, for the chlorides of the higher 
fatty acids. 

The boiling point of the normal acid chlorides shows an increase of 48° between 
each member of the series and its next but one higher member. This interval 
is made up of 28° between a chloride containing an even number of carbon 
atoms and the next higher member, which, of course, contains an odd number, 
and 20 ° between this and the next higher •which possesses an even nmnber of 
carbon atoms (C. 1899, 1. 968). 

Mixed Anhydrides with Inorganic Oxy acids 

The mixed anhydrides of a fatty acid with the various inorganic oxyacids 
can be conveniently dealt with in this section. 

Acetylsulphuric acid, CHg-CO-O-SOaH. — This compound is formed when 
sulphur trioxide acts on acetic acid below 0°. On heating to 70°, sulphoacetic 
acid, S 03 H-CH 2 *C 00 H, is the principal product. It acts as a vigorous acetylat- 
ing agent, such substances as tribromophenol being readily acetylated. Under 
suitable conditions it acts as a sulphonating agent, and benzene is sulphonated 
to benzenesulphonic acid {van Peski, Rec. Trav. Chim. 40, 103). 

Diacetyl orthonitric acid, (CH 3 COO) 2 N(OH) 3 , b.p. 128°, 1-197, results 

when nitric acid (D. = 1-4) reacts with acetic anhydride, or glacial acetic acid 
with fuming nitric acid. It is a colourless liquid, fuming in air, and decomposed 
by water into acetic and nitric acids. It possesses an oxidizing and nitrating 
action. Excess of acetic anhydride converts it into tetranitromethane, C(N 02)4 
(Ber. 35, 2526 ; 36, 2225) 

Acetyl nitrite, CH 3 COO-NO 2 , b.p. 22°/77 rum., is prepared from NgOs and 
acetic anhydride. It is a colourless mobile liquid, fuming in air, and explodes 
when rapidly heated. At ()0° it evolves nitrous fumes and forms tetranitro- 
methane. With alcohol it forms a mixture of acetic and nitric esters. It is 
strong nitrating mixture for benzene derivatives (C. 1907, I. 1025). 

Acetyl nitrite, CH 3 COO-NO, is obtained from silver acetate and NOCl, and 
forms an easily decomposed golden-yellow liquid (C. 1904, II. 511). 

Acetyl chromate, (CH 3 COO)Cr 03 H, results from mixing CrOg and glacial 
acetic acid (Ber. 36, 2215). 

Triacetyl borate, m.p. 121°, is obtained from BgOg and acetic anhydride. 
Alcohols produce from it boric ester, whilst carboxylic acids give rise to other 
mixed boric anhydrides, such as tristearyl borate, (Ci 8 H 3502 )B, m.p. 71° (Ber. 36, 
2219). 

Acetyl arsenite, m.p. 82°, b.p. 165-170°/31 mm., is formed from AsgOg and 
acetic anhydride (C. 1906, I. 21). 


3. CARBOXYLIC ACID ANHYDRIDES, ACYL OXIDES 


The acid anhydrides are the oxides of the acid radicals. In those 
of the monobasic acids two acid radicals are united by an oxygen 
atom ; they are analogous to the oxides of the univalent alcohol 
radicals — the ethers. 

The simple anhydrides, containing two similar radicals, can usually 
be distilled, whilst the mixed anhydrides, with two dissimilar radicals, 
decompose when heated, into two simple anhydrides : 


C2H3O 

C5H3O 


>0 = 


CgHgO-^Q , 


C5H2O 

C5H3O 


>0. 
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Hence they cannot be separated from the product of the reaction by 
distillation, but have to be dissolved out with ether. 

Formyl acetyl oxide, HCO-O-COCHg, however, can be volatilized 
unchanged under reduced pressure. 

Methods of Formation. — (la) The chlorides of the acid radical are 
allowed to act on anhydrous salts, such as the alkali salts of the 
acids : 

C,H,OOK + CsHaOCl = + KCl. 

(16) The anhydrides of the higher fatty acids can also be pro- 
duced by the action of acetyl chloride (Ber. 10 , 1881 : Bull. Soc. 
Chim. [4] 5 , 920) or acetic anliydride (Ann. 226 , 12 : C. 1899, I. 
1070) on the free acids ; in the latter case mixed anhydrides are 
also obtained. The action of the chloride on the free carboxylic 
acids is assisted by the presence of a tertiary base, such as pyridine, 
quinoline, or triethylamine, which takes up the hydrochloric acid set 
free during reaction (Ber. 34, 2070 : C. 1901, II. 543). 

(2) Phosphorus oxychloride (1 molecule) acts on the dry alkali 
salts of the acids (4 molecules). The acid chloride, which is first 
produced, reacts immediately on its formation with the excess of 
salt : 

I. 2C2H8OOK + POCI3 = 2C8H3OCI + KPOs + KCl 
II. C3H3O OK + C2H30-C1 = (C2H30)30 + KCl. 

(3) Phosgene, COClg, acts like POCI3. In this reaction acid 
chlorides are also produced (p. 315). 

(4) A direct conversion of the acid chlorides into the correspond- 
ing anhydrides may be effected by the action of the former on an- 
hydrous oxalic acid (Arm. 226 , 14) : 

2C2H3OCI 4- C2O4H3 = (C2H30)20 + 2HC1 + CO2 + CO. 

Historical. — Oerhardt ( 1851 ) discovered the acid anhydrides. The important 
bearing of this discovery upon the type theory has already been alluded to in 
the Introduction. 

Properties and Reactions. — ^The acid anhydrides are liquids or 
solids of neutral reaction, and are soluble in ether. Their boiling 
points are higher than those of the corresponding acids. 

(1) Water decomposes them into their constituent acids : 

(CH8C0)20 + H2O = 2CH8COOH. 

(2) With alcohols they yield the esters (C. 1906, II. 1043) : 

(CH3C0)20 + C2H6OH = CHjCOOCgHs + CH3COOH. 

(3) Ammonia and primary and secondary amines convert them 
into amides and ammonium salts : 

(CH3C0)20 + 2NH8 = CH3CONH2 + CHjCOONH*. 

(4) Heated with hydrochloric acid, hydrobromic and hydriodic 
acids, they decompose into an acid halide and free acid : 

(CHgCOgO + HCl = CH3COCI + CH3COOH. 

(5) Chlorine splits them up into acid chlorides and chlorinated 
acids : 

(CH 3 C 0)20 -f Clg = CHgCOCl -f ClCHgCOOH. 
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(6) Sodium amalgam changes the anhydrides to aldehydes and 
primary alcohols. 

(7) Aldehydes and acid anhydrides combine to form alkylidene 
diacetates (Ann. 402, 115). 

Simple Anhydrides. — Acetic anhydride, (CH 3 *C 0 ) 20 , is a mobile pungent 
liquid, b.p. 139°, = 1-0820 (J.C.S. 101, 1720). It is decomposed by a 

heated platinum spiral dipping into the liquid with formation of keten (p. 270). 

It is prepared by distillation of a mixture of anhydrous sodium acetate (three 
parts) and POCI 3 (one part) ; or of the product of reaction of equal parts of 
acetyl chloride and sodium acetate. The anhydride can be dissolved unde- 
composed in about ten parts of cold water, and in this form may be used 
for acetylating amino-bases in aqueous solution (C. 1905, II. 4GG ; 190G, II. 1042). 

Propionic ayihydride, ( 03115 ) 20 , b.p. 1G8°. Butyric anhydride, b.p. 199°. 
iBoButyric anhydride, b.p. 181-5°. TL-Caproic anhydride, b.p. 242°, with decom- 
position. (Enanthic anhydride, m.p. 17°, b.p. 1G4°/15 mm. n-Octylic anhydride, 
m.p. — 1°, b.p. 186°/15 mm. Pclargonic anhydride, m.p. 1G°, b.p. 207°/15 mm. 
Pabnitic anhydride, m.p. G4°. Stearic anhydride, m.p. 72° (C. 1899, I. 1070: 
Bor. 33, 357G). 

Further anhydrides, see Ber. 58, 1418. 

Mixed Anhydrides. — Acetyl formyl oxide, HCO-O-COCHg, b.p. 29°/18 mm., 
is prepared by mixing formic acid and acetic anhydride in the cold, a reaction 
which can be employed for the formation of higher homologues. At ordinary 
pressures it boils with partial decomposition. Quinoline liberates CO, and 
alcohols form formyl esters (C. 1900, II. 750). For other mixed anhydrides, 
see Ber. 34, 1G8. 

4. PER-ACIDS AND ACYL PEROXIDES 

The per-acids (hydroperoxides), K-COOgH, and the acyl peroxides, (R-C 0 ) 202 , 
can bo regarded as derivatives of hydrogen peroxide in which one or two hydrogen 
atoms have been replaced by acyl groups. 

The per-acids are formed by the action of pure hydrogen peroxide on the 
acids or acid anhydrides in presence of a little strong sulphuric acid {d'Ans, 
Ber. 45, 1845 : Z. anorg. Chem. 84, 145) : 

CH 3 COOH + H 2 O 2 > CH 3 COO 2 H + H 2 O 

(CH 3 C 0 ) 2 H + H 2 O 2 CH 3 COO 2 H + CH 3 COOH. 

The per-acids are the primary autoxidation products of the aldehydes (D.R.P. 
269937 : 0. 1914, I. 71G). 

Peracetic acid {Acetyl hydroperoxide), CHgCOOgH, m.p. 0-1°, is a clear, pimgent- 
smelling liquid. It explodes violently on heating. It is most readily obtained 
by the action of HgOg on acetic-boric anhydride (p. 317) Perpropionic acid {Pro- 
pionyl hydroperoxide), b.p. 25°/20 mm., m.p. —13-5°. 

The peroxides of the acid radicals are prepared by heating the chlorides or 
anhydrides in ethereal solution with barium peroxide {Brodie, Pogg. Ann. 121, 
382), or by the action of the ice-cold chloride on sodium peroxide hydrate (Ber. 
33, 1043) : 

(C 2 H 30 )aO + BaOa = (C 2 H 30)202 + BaO. 

Diacetyl peroxide, m.p. 30°, b.p. G3°/21 mm., possesses a sharp odour like 
ozone. It is insoluble in water, but easily soluble in alcohol and ether. It is 
very unstable and acts as a strong oxidizing agent, liberating iodine from a KI 
solution, and decolorizing a solution of indigo. Sunlight decomposes it, and it 
explodes violently on heating. Propio7iic peroxide, (CgHgOlgOg, is obtained from 
propionic anhydride and Ba 02 ; it is a liquid (C. 1903, 1. 958). 

Reactions of the peroxides : see Ber. 59, 6G2. 

5. THIO- ACIDS 

By the replacement of oxygen in the carboxyl group by sulphur, the thio- 
acids are formed. 

(1) The monothio acids, which in the free condition probably have the 
constitution R-CO-SH (see Ber. 46, 3581), form derivatives both of this form 
(carbothiolic acids) and also of the tautomeric form, R -CS- OH (cardoiTiionic acids). 
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Thioacetic acid, CH3 COSH, was obtained by Kekulc (Ann. 90, 309) when 
phosphorus pent asulphide acteci on acetic acid. In its preparation it is advisable 
to mix the PgSg with half its weight of coarse fragments of glass : 

5C2H3O OH + PsSfi - 5C2H3O SH + PaOfi. 

The thio -anhydrides arise hi the same manner by the action of phosphorus 
sulphide on the acid anhydrides. The thio-acids are produced by the action 
of acid chlorides on potassium hydrogen sulphide, or from phenyl esters and 
NaSH in alcoholic solution (C. 1903, I. 816). 

Thioacetic acid, methane-carhothioUc acid, CH3COSH, b.p. 93°, D^, == 1-074, 
is a colourless liquid. Its odour resembles those of acetic acid and hydrogen 
sulphide. It dissolves with difficulty in water, but readily in alcohol and in ether. 
This acid has been recommended as a very convenient substitute for hydrogen 
sulphide in analytical operations (C. 1901, I. 1148) and is a suitable reagent for 
acetylating amines (Ber. 35, 110). The lead salt, (C2H30-S)2Pb, crystallizes in 
minute needles, and readily decomposes with the formation of lead sulphide 
(C. 1897, 1, 1090 : II. 770). 

When thioacetic acid is heated with zme chloride, there is formed tetraethenyl 
hexasulphide, (CHaC)4Sg, m.p. 224° (Ber. 36, 204). 

Thiopropionic acid, ethmiecurbothiolic acid, CgHgCOSH, from ethyl mag- 
nesium bromide and carbon oxysulphide, see Ber. 36, 1009. 

Acetyl sulphide, (€21130)28, b.p. 157°, is a heavy yellow oil, insoluble in 
water. Water gradually decomposes it into acetic and thioacetic acids (Ber. 24, 
3548, 4251). 

Acetyl disulphide, (€21130)282, is formed when ac^etyl chloride acts on 
potassium disulphide, or iodine on the salts of the thio-acid. 

The S-esters are obtained when the alkylhalides react with the salts of the 
thio-acids, and the acid chlorides with the mercaptans or mercaptidos. 

They also appear in the decomposition of alkyl ^^othioacetanilides with dilute 
hydrochloric acid : 

+ Hi,0 = CH^CO-SCjHs + 

Ethyl isothioacetanilide. Thioacetic ester. Aniline. 

Concentrated potassium hydroxide decomposes the esters into fatty acids and 
mercaptans. 

Thioacetic S-ethyl ester, CH3-€0-SEt, b.p. 115°. 

The O- esters are obtained by the action of magnesium alkyl halides on the 
O-esters of chlorothioformic acid (Compt. rend. 153, 279) : 

€l-€S OEt -f MgMel Me €8-OEt + MgClI 

or by the action of hydrogen sulphide on imidoethers (€. 1909, II. 423) : 

CH3 €( : NH)-OEt + H2S €H3 €S-OEt + NH3. 

Thioaf'ctic acid O -ethyl ester, EHg-CS-OEt, b.p. 109°, is a bright yellow oi^ 
with an unpleasant odour. Thiopropionic acid 0-ethyl ester, b.p. 131°. 

(Under certain circimistances, the alkyl group may migrate from oxygen to 
sulphur: see phenyl thiocarbonate, Ber. 63, 178). 

(2) Dithio Acids {(Jarbodithioic acids). — Just as carboxylic acids result from 
the treatment of acetyl magnesium halides with €€2, so the doubly sulphur- 
substituted carboxylic acids are prepared by the action of €83 on the alkyl 
magnesium halides : 

CHjMgl + C<g ► ► CH,C<g“- 

They are reddish -yellow oils, of an offensive odour, which can be distilled 
without decomposition. They are strong acids, easily oxidized in the air to 
solid, stable, yellow disulphides, RCSS-SC8R. 

Methanecarhodithioic acid, €H3CS2H, b.p. 37°/15 mrn., Dgo ^ 1-24, is prepared 
from methyl magnesium iodide and CSj. It is a reddish -yellow oil, of an ex- 
ceedingly penetrating and repulsive odour ; it dissolves with difficulty in water, 
but easily in organic solvents. Ethanecarbodithioic acid, €2H5CS2H, b.p. 
48°/ 17 mm. Propanecarbodithioic acid,h.p. 59°/13 mm. ibo B utanecarbodithioic 
acid, b.p. 84°/33mm. isoPentanecarbodithioic acid, b.p. 84°/10 mm. (Ber. 40 , 
1726 : 44 , 3226). 
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6. ACID AMIDES 

These correspond with the amines of the alcohol radicals. The 
hydrogen of ammonia can be replaced by acid radicals, forming 
primary, secondary and tertiary acid amides : 

CH3CONH2 (CH3C0)2NH (CH3C0)3N 

Acetamide (primary). Diacetamide (secondary). Trlacetamide (tertiary). 

The primary acid amides have as isomers, the imido-ethers (p. 328 ) of the 
OH 

formula R'*C To benzamide (Vol. II) is ascribed, not only the formula 

C.H,C<0 , but also CflHgC since the silver derivative and iodoethane 

* OC H 

give benzimido -ethyl ether, The sodium derivative is the only 

one which, on reacting with iodoethane, gives a benzamide in which the imide 
group is ethylated (C. 1900 , I. 1070 : Ber. 34 , 1614 ). The constitution of 
the free amide cannot be deduced from the reactions of its metallic derivatives 
any more than that of acetoacetic ester can bo deduced from the reactions of 
its sodium derivative. 

The hydrogen of primary and secondary amines, like that of 
ammonia, can be replaced by acid residues, giving rise to substituted 
amides. 

General Methods of Formation. — (1) By the dry distillation of the 
ammonium salts of the acids of this series. A better yield is obtained 
by merely heating the ammonium salts to about 230° (Ber. 15, 979) 
{Kiindigy 1858). (This method was first applied (1830) by Dumas to 
ammonium oxalate with the production of oxamide) : 

CH8COONH4 = CH3CONH2 + HgO. 

Ammonium acetate. Acetamide. 

A mixture of the sodiiim salts and ammouium chloride may be substituted 
for the ammonium salts. Consult Ber. 17 , 848 , upon the velocity and limit of 
the amide production. 

(2) By the action of ammonia, primary and secondary amines on 
the esters whereby Liebig, in 1834, obtained oxamide from oxalic 
ester : 

CHaCO O CgHa + NH3 - CH3CO NH2 + 

Acetamide. 

CH3CO O C2H6 + C2H3 NH2 - CH3CONHC2H3 + C2H5 OH. 

Acetcthylamide. 

This reaction takes place in the cold, particularly in the case of water-soluble 
esters ; or the ester may be heated with an aqueous or alcoholic solution of 
ammonia. 

It is one of the so-called reversible reactions, inasmuch as the action of 
alcohols on acid amides again produces esters and ammonia (Ber. 22 , 24 ). 

(3) By the action (a) of acid halides, (b) of acid anhydrides on 
ammonia, primary and secondary alkylamines. This was the method 
which Liebig and Wohler first used in 1832 to prepare benzamide 
from benzoyl chloride. 

(3a) CH3COCI + 2NH3 = CH3CONH2 + NH4CI 

Acetamide. 

CH.COCl + 2 NHAHs = CHjCONHCjHj + N(C,H5)HaCl 

Acetethylamlde. 

CH3COCI + 2NH(C2H3)3 = CH3C0N(C3H3)2 + N(C3H6)2H3C1. 

Acetdlethylamide. 
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This method is especially well adapted for obtaining the amides 
of the higher fatty acids (Ber. 15, 1728) : 

(36) (CH8CO)aO -f- 2NH8 = CHgCONHa + CH8-C02NH4 

(CH 8 C 0)80 + 2NH8C8H5 = CH3CONHC2H5 + CH3CO3NH3C2H5. 

(4) By the addition of one molecule of water to the nitriles of the 
acids (p. 324) ; 

CH3CN + H3O (180°) = CHsCONH^. 

Acetonitrile. Acetamide. 

This addition of water frequently occurs in the cold by the action of concen- 
trated hydrochloric acid, or by noiixing the nitrile with glacial acetic acid and 
concentrated sulphuric acid (Ber. 10 , 1061). Hydrogen peroxide in alkaline 
solution also converts the nitriles, with liberation of oxygen, into amides (Ber. 18, 
355). For the action of hydrochloric acid on a mixture of nitrile and fatty 
acid see (2), formation of acid chlorides. 

(5) By the distillation of the fatty acids with potassium thio- 
cyanate : 

2C3H30-0H + KSNC = C2H8ONH2 + C^HaO-OK + COS. 

Simply heating the mixture is more practical (Ber. 15, 978 ; 16, 2291). 
In making acetamide, glacial acetic acid and ammonium thiocyanate are heated 
together for several days. By this reaction the aromatic acids yield nitriles. 

(6) By the interaction of fatty acids and carbylamines (p. 293) : 

2CH3COOH + C : N CH3 = HCONHCH3 -f (CH3C0)20. 

Methylformamide, 

(7) By the action of the fatty acids on i^ocyanic esters {q.v.) : 

CH3COOH + CONC3H3 = CHa-CONHCgHs + CO^. 

Secondary and tertiary amides are obtained (1) by heating 
primary acid amides (Ber. 23, 2394), alkyl cyanides or nitriles with 
acids, or acid anhydrides, to 200°. 

CHjCONHa + (CH3C0)20 = (CH8CO)2NH + CH3COOH 
CH3CN + CHaCOOH = (CH3C0)2NH 
Diacetamide. 

CH3CN + (CHaCOlaO = (CH3C0)8N. 

Triacetamide. 

Diacetamide is also prepared by the action of acetyl chloride on 
acetamide in solution in benzene (C. 1901, I. 678). 

(2) The secondary amides can also be prepared by heating primary 
amides with dry hydrogen chloride : 

2CaH80NH3 -f HCl = (C2H30)2NH + NH^Cl. 

Diacetamide. 

(3) Secondary amides are formed by heating acid anhydrides with 
potassium cyanate (Ber. 47, 267). 

(4) Substituted secondary amides are further produced by the 
action of esters of ^'^ocyanic acid on acid anhydrides : 

(C3H30)30 + CO : N-CaHa = (C2H80)2N C2H3 + CO2. 

Dlacetethylamide. 

Properties and Reactions. — The amides of the fatty acids are usually 
solid, crystalline bodies, soluble in both alcohol and ether. The 
lower members are also soluble in water, and can be distilled without 
decomposition. As they contain the basic amido-group they are 
able to unite directly with acids, forming salt-like derivatives, e.g. 
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C 2 H 30 NH 2 -HN 03 and (CH 3 C 0 NH 2 ) 2 *HC 1 , but these are not very 
stable, because the basic character of the amido-group is greatly 
weakened by the acid radical. Furthermore, the acid radical im- 
parts to the NH 2 -group the power of exchanging a hydrogen atom for 
metals, such as mercury or sodium (Ber. 23 , 3037 : C. 1902, II. 787), 
forming metallic derivatives, e.g, (CH 3 -CO-NH) 2 -Hg — mercury aceta- 
mide, analogous to the salts of the imides of dibasic acids. 

Reactions. — ( 1 ) The C*N linkage in the amides is very much more 
easily broken than that in the amines, and the amides readily take 
up water with the formation of the ammonium salts, or the acids 
and ammonia. Heating with water effects this, although it is more 
easily accomplished by boiling with alkalis or acids. This reaction 
is termed hydrolysis. 

CH 3 CO NH 2 -f HgO = CH 3 CO OH + NH 3 . 

( 2 ) Nitrous acid decomposes the primary amides similarly to the 
primary amines (p. 194), with the formation of a carboxylic acid 
and nitrogen. 

C2H3ONH2 + HNO2 = CaHjOOH + N2 + HgO. 

Acid amides, which hydrolyse with difficulty, may be dissolved 
in concentrated sulphuric acid, to which sodium nitrite is added in 
the cold (Ber. 28 , 2783). 

(3) Bromine in alkaline solution changes the primary amides to 
bromoamides (Ber. 15 , 407 and 752) : 

C2H30-NH2 4- Brg = C2H30 NHBr -f HBr, 
which then form amines (p. 191). 

(4) On heating with phosphorus pentoxide or chloride, they part 
with one molecule of water and become converted into nitriles (cyanides 
of the alcohol radicals) : 

CH8-CO-NH2 = CHg-CN + H2O. 

With PCI 6 the replacement of an oxygen atom by two chlorine 
atoms takes place ; the resulting chlorides, like CH 3 -CCl 2 *NH 2 , then 
lose, upon further heating, two molecules of HCl with the formation 
of nitriles. 

(5) The acid amides condense with chloral to compounds of the 
type CCl 3 CH(OH)*CH‘COR, which by the action of acetic anhydride 
and alkali yield anhydro derivatives with an ether linkage, of the 
general formula R-C 0 -NH-CH(CCl 3 )- 0 -CH(CCl 3 )-NH-C 0 -R (Ber. 45 , 
945: 47 , 1173). 

Formamide, H-CONHg. See p. 284. 

Acetamide [Ethanamide] , CHgCO'NHg, m.p. 82°, b.p. 222°, crystallizes 
in long needles. It dissolves with ease in water and alcohol. In explaining 
the methods of producing the amides, and in illustrating their behaviour, acet- 
amide was presented as the example. Dumas, Leblanc, and Malaguti first 
prepared it in 1847, by allowing ammonia to act on acetic ester. For the prep- 
aration of acetamide from ammonium acetate, see C. 1906, I. 1089 ; J.A.C.S. 
35, 1780. 

Acetomethylamide, CHg-CONHCH,, m.p. 28°, b.p. 206° ; Acetodimethylamide, 
CH8*CO*N(CH8)a b.p. 165-5° ; Acetethylamdde, b.p. 205° ; Acetodiethylamide, b.p. 
185-186°. Methylene diacetamidej CH2(NHCOCH8)a» m.p. 196°, b.p. 288° (Ber. 
25 , 310). 

Chloralacetamidey CCl8CH(OH)NHCOCH8, m.p. 158° (Ber. 10 , 168). An- 
hydrocfUorcU acetarMe, [CH8*C0*NH‘CH(CCl8)]30, m.p. 213° (Ber. 45 , 957). 
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Aoetcunide and butyl chloral yield two isomeric compounds, m.p. 158° and 170° 
respectively (Ber. 25, 1690). 

Diacetamide, (C 2 H 30 ) 2 NH, m.p. 77°, b.p. 222*5-223-5°, is readily soluble 
in water. (Preparation, p. 322). Diacetmcthylamidc (CH 3 CO) 2 N'CH 3 , b.p. 192°. 
Diacetethylamide, b.p. 185—192°. 

Triacetamide, (C2H80)3N, m.p. 78-79°. (Preparation, p. 322). 

Acetochloroamidef CH3CONHCI, m.p. 110°. Acetohromoamidey CH 3 CONHBr 
H- HgO, forms large plates, and melts in an anhydrous condition at 108° (Ber. 
15, 410). The production of acetocldoroamylamidef CHgCO NClCgNu, froni 
hypochlorous acid and acetoamylamide, and from acetic anhydride and chloro- 
amylamine in glacial acetic acid (Ber. 34, 1613), is taken as a demonstration 
that in such compoimds the halogen atom is joined to the nitrogen atom. 

Higher homologous primary Acid Amides : 

Propionamide, m.p. 75°, b.p. 210°. 

n-Butyramide, m.p. 115°, b.p. 216°. i&oBuiyr amide, m.p. 128°, b.p. 216-220°. 

n-Valeramide, m.p. 114—116°. Trimethylacetamide, m.p. 153-154°, b.p. 212°. 

n-Capronamide, m.p. 100°, b.p. 225° ; Methyl-n-propylacetamide, m.p. 95° ; 
Methylisopropylacetamide, m.p. 129° ; isoButylacetamide, m.p. 120° ; Diethyl- 
acetamide, m.p. 105°, b.p. 230-235° ; (Enanthamide, m.p. 95°, b.p. 250-258° ; 
li-Caprylamide, m.p. 10^106° ; Pelargonamide, m.p. 92-93° ; n-Capr inamide, 
m.p. 98°. 

Lauramide, m.p. 102°, b.p. 199-200°/12*5 mm. ; Tridecylamide, m.p. 98-5° ; 
Myristamide, m.p. 102°, b.p. 217°/12 mm. ; Palmitamide, m.p. 106°, b.p. 235- 
236°/12 mm. ; Stearamide, m.p. 108*5-109°, b.p. 250-251 °/12 mm. (Ber. 15, 
977, 1729: 19, 1433: 24, 2781: 26, 2840). 

7. ACID HYDRAZIDES 

The mono-acyl hydrazides (C. 1002, I. 21) are obtained together with the 
« 2 /w.-diacylhydrazine 8 by the interaction of hydrazine and the esters, while the 
latter are also prepared from hydrazine and the acid anhydrides (Bor. 34, 187). 
The latter-named bodies can also be obtained by heating monoacyl hydrazines, 
and by treating them with iodine. « 2 /m. -Diace tohydrazide, heated with acetic 
anhydride, yields triacetohydrazide and tetraacetohydrazide (Ber. 32, 796). 

The mono -acyl hydrazides condense with aldehydes and ketones with the 
elimination of water. The /^^/m.-diacylhydrazines react with zinc chloride or 
phosphorus pentoxido to form dialkylfurodiazoles ; with alcoholic ammonia, 
yielding dialkylpyrrodiazoles ; and with phosphorus pentasulphide, forming 
dialky Ithiodiazoles (Ber. 32, 797). 

Acetohy dr azide, CHaCONHNHgj m.p. 62°. Acetohenzalhydrazine, CH 3 CO*- 
NH-N : CH^CeHs, m.p. 134°. sym.-Diacffohydrazine, m.p. 138° ; b.p. 209°/15 mm. ; 
triacetohydrazine, b.p. 181°/15 mm. ; tetraacetohydrazine, m.p. 85°, b.p. 141°/15 mm. 

8. ACID AZIDES 

The azides, R*CO*Ng, show some similarities in behaviour to the acid halides, 
but will be treated here on account of their relation to the hydrazides. 

They are formed by the action of sodium nitrite on the hydrochlorides of 
the monoacyl hydrazines. 

When heated in indifferent solvents, the azides break down into nitrogen and 
isocyanic esters. (Curtius transformation, see p, 191 and Ber. 42, 3356.) If 
hydroxylic solvents are employed, the products are those derived from the 
isocyanate and the solvent, e.g. in aqueous solution, dialkylureas and in alcoholic 
urethanes ; 

CHs-CO-Na [CH3 C0*N<] + ^ CHg-N : C : O 

Propionazide, CjHj-CO’Ng, is a colourless, mobile, volatile liquid with a 
pungent smell (J. pr. Chem. [2] 64, 408). 

9. NITRILES OR ALKYL CYANIDES 

The nitriles or alkyl cyanides are the alkyl esters, R'CN, of hydro- 
cyanic acid. Being intermediate steps in the synthesis of the fatty 
acids from the alcohols, these nitriles merit especial consideration. 



NITRILES OR ALKYL CYANIDES 


325 


General methods of preparation : 

(1) Nucleus-synthesis from the alcohols : (a) by heating the alkyl 
halides with potassium cyanide in alcoholic solution to 100° ; (6) by 
the distillation of potassium alkyl sulphates with potassium cyanide 
(hence the name alkyl cyanides) : 

(la) C2H5I + KNC = CaH^CN -f KI 

(lb) KSO^-CaHfi KNC = C^H.CN + K^SO^. 

isoCyanides (p. 293) form to a slight extent in the first reaction. 
They can be removed by shaking the distillate with aqueous hydro- 
chloric acid (whereby the ^^sonitrile is converted into formic acid and 
a primary amine), until the unpleasant odour of the isocyanides has 
disappeared, then neutralizing with sodium carbonate and drying the 
nitriles with calcium chloride. 

(2) By the action of the magnesium alkyl halides on cyanogen 
or cyanogen chloride (Compt. rend. 152 , 388 : cf. ibid. 155 , 44). 

(3) By heating alkyl isocyanides or alkyl carbylamines (p. 293) : 

CH3CH2NC CH3CH2CN. 

(4) By the dry distillation of ammonium salts of the acids with 
PgOg, or some other dehydrating agent (hence the term acid nitrile). 

CH3 CO O NH4 - 2H2O = CH3 CN. 

Ammonium acetate. Acetonitrile. 

The corresponding acid amide is an intermediate product. 

(5) By the removal of water from the amides of the acids when 
these are heated with B2O5, PgSg, or phosphorus pentachloride (see 
amide chlorides, p. 327) : 

CH3 CO Nn2 + PClfi - CH 3 ' 0 N H- POClg + 2 HC 1 
^CHg CO NHa + P2S6 - 5CH3 CN + P^Os + SHgS. 

(6) By the distillation of fatty acids with potassium thiocyanate 
(Ber. 5 , 669), or lead thiocyanate (Ber. 25 , 419), during which a compli- 
cated reaction occurs. It is assumed that a thioamide is first formed 
which loses HgS, changing into the nitrile, or that a carboxyl is 
exchanged for a CN-group. 

(7) Primary amines, containing more than five carbon atoms, are 
converted, by potassium hydroxide and bromine, into nitriles : 

aHi 5 CH 2 NH 2 2Br2 + 2KOH - aH.gCHoNBro + 2KBr + 2 H 2 O 
C^HigCHaNBrg + 2KOH - C^Hi^CN -f 2KBr -f 2 H 2 O. 

As the primary amines can be obtained from acid amides containing 
a carbon atom more, these reactions will serve for the breaking-down 
of the fatty acids (p. 308). 

(8) Nitriles result when aldoximes are heated with acetic anhydride 
or with thionyl chloride (Ber. 28 , R. 227) : 

CHaCH : N-OH + (CH8C0)20 = CH3C • N + 2CH3 COOH. 

(9) By the catalytic decomposition of the aldehyde phenylhydra- 
zones in the presence of cuprous chloride (Ber. 43, 2296) : 

C4H3CH : N NHCcHa C4H3CN + CeH^NHa. 

This method only gives good yields in the case of the higher aldehyde 
derivatives : the principal yield from the lower phenylhydrazones 
consists of indole derivatives. 



326 


ORGANIC CHEMISTRY 


(10) On the application of heat to cyanoacetic acid and alkyl- 
cyanoacetic acids, nitriles result : 

CNCHg-COjH = CNCHs + COj. 

The nitriles occur already formed in bone-oils and in gas tar. 

Historical. — Pelouze (1834) discovered propionitrile on distilling barium ethyl 
sulphate with potassium cyanide (Ann. 10 , 249). Dumas (1847) obtained aceto- 
nitrile by distilling ammonium acetate alone, or with PjOs ; the same occurred 
with the latter reagent and acetamide (p. 323). Dumas, Malaguti and Lehlauc 
(Ann. 64 , 334) on the one hand, and Franldaud and Kolhe (Ann. 65 , 269, 288, 
299) on the other, demonstrated (1847) the conversion of the nitriles into their 
corresponding acids by means of potassium hydroxide or dilute acids, and thus 
showed what importance the acid nitriles possessed for synthetic organic 
chemistry. 

Properties and Reactions. — The nitriles are liquids, usually insoluble 
in water, possessing an ethereal odour, and distilling without decom- 
position. 

Their reactions are based upon the easy disturbance of the triple 
union between nitrogen and carbon, and are mostly additive reactions. 
Acid nitriles may be considered to be unsaturated compounds, in the 
same sense as are the aldehydes and ketones (pp. 27, 255). Their 
neutral character distinguishes them from hydrocyanic acid, the 
nitrile of formic acid, which they resemble as regards the reactions 
of their C=N-group. 

(1) They are reduced by nascent hydrogen to the primary amines 
(Mendius). This reduction is most readily carried out by sodium 
and alcohol (Ber. 22, 812 : C. 1908, II. 676). By catalytic hydro- 
genation, some secondary and tertiary amine is also formed (Ber. 42, 
1553 : 56 , 1988). 

(2) The nitriles unite with the halogen acids, forming amide and 
imide halides (p. 327). 

(3) Under the influence of concentrated sulphuric acid they take 
up water and become converted into acid amides. When heated 
to 100° with water the acid amides first formed absorb a second 
molecule of water and change to the fatty acid and ammonia. The 
nitriles are more readily hydrolysed by heating them with alkalis or 
dilute acids (hydrochloric or sulphuric acid). Esters are produced 
when the acids, in a solution of absolute alcohol, act on the nitriles. 

(4) The nitriles form thiamides with HgS (p. 328). 

(5) They combine with alcohols and HCl to form imido-ethers 
(p. 328). 

(6) With fatty acids and fatty acid anhydrides they yield secondary 
and tertiary amides (p. 322). 

(7) The nitriles become converted into amidines with ammonia 
and the amines (p. 328). 

(8) Hydroxylamine unites with them to form amidoximes (p. 329). 

(9) Metallic sodium induces in them peculiar polymerizations. In 
ethereal solution, dimolecular nitriles result : imides of /?-ketonic 
nitriles. All these reactions depend upon the additive power of the 
nitriles, the triple carbon-nitrogen union being broken. If, however, 
sodium acts on the pure nitriles at a temperature of 160° the pro- 
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ducts are trimolecular nitriles, so-called cyanalkines, which are 
pyrimidine derivatives : 

> CH3 C(NH) CHa-CN 

Acetoacetic imide ^trile. 

N— C(CH,) = N 

> 

CHa-C— CH= CNHa. 

Cyanethine (g.r.). 

Acetonitrile, Methyl cymiide [Ethane nitrile], CHjCN, m.p. — 41°, b.p. 81*6°, 
Djg = 0-789, is a liquid with an agreeable odour. It is usually prepared by 
distilling acetamide with P 2 O 5 . Consult the general description of acid nitriles 
for its methods of formation, its history and its reactions. It may, however, 
be mentioned here that acetonitrile can be produced from hydrocyanic acid and 
diazomethane (Bor. 28 , 857). Acetonitrile is a good solvent for many organic 
compounds and forms crystalline compounds with many salts, e.g. CuCl 2 * 2 CH 8 CN 
(Ber. 47 , 247). 

Higher Homologous Nitriles. — Propionitrile, Ethyl cyanide^ [Propane 
nitrile], CaHg-CN, b.p. 98°, Dq 0-801. 

n-Butyronitrilet b.p. 118-5°, has the odour of bitter-almond oil. isoButyro- 
nitrile, b.p. 107°. 

n-Valeronitrile, b.p. 140-4° ; imV aleronitrile, b.p. 129° ; MethylethylacetonitrUe, 
b.p. 125° ; Trimethylacetonitrile, m.p. 15-16°, b.p. 105-106°. 

iaoButylacetonitrile, b.p. 154° ; Diethylacetonitrile, b.p. 144-146° ; Dimethyl- 
ethylacetonitrile, b.p. 128-130° ; n-(Enanthonitrile, b.p. 175-178° ; n-Caprylo- 
nitrile, b.p. 198-200° ; Pelargonitrile, b.p. 214-216° ; Methyl-n-heocylacetonitrile, 
b.p. 206° ; Lauronitrile, b.p. 198°/100 mm. ; Tridecylonitrile, b.p. 275° ; Myri- 
stonitrile,m.p. 19°, b.p. 226-6°/100 mm. ; Palmitonitrile, m.p. 2Q°,h.p.25l‘5°/l00 
mm. ; Cetyl cyanide, m.p. 53° ; Stearo nitrile, m.p. 41°, b.p. 274-5°/100 mm. 

Several classes of compounds bear genetic relations to the acid 
amides and nitriles, these will be considered after the nitriles. 


2CH8CN 

3CHgCN 


10 . AMIDOCHLORIDES and 11 . IMIDOCHLORIDES {Wallach, Ann. 

184 , 1 ) 

The amido chlorides are the first unstable products formed during the action of 
PCI 5 on acid amides. They lose hydrochloric acid and become converted into 
imidochlorides, which by a further separation of hydrochloric acid yield nitriles : 


/NHg 

CH.c/o 

Acetamide. 


PCI, 


CHgC^Cl 

\ci 

( Acetamldochloride. ) 


( Acetimidochloride. ) 


— ^ CH3C=N 


Acetonitrile. 


The addition of HCl to the nitriles produces the imidochlorides. Hydro- 
bromic and hydriodic acids are added more readily than hydrochloric acid to 
nitriles (Ber. 25 , 2541). 

The imidochlorides derived from amides of the types CHjR'CONHR' and 
CHRg’CONHR' are represented by von Braun and his collaborators by the 
formulae R-CH=CC1-NHR' and RgC : CCl-NHR' ; this formula accounts for 
the formation of amidines such as CH 8 C( : NPh)-NPh-CCl : CHg, formed from 
acetphenylimidochloride by loss of HCl and for the formation of a-bromo acids 
from the readily-formed addition product of the imidochloride and bromine 
(Ber. 60 , 92 : Ann. 453 , 113). 

If a hydrogen atom of the amide group be replaced by an alcohol radical, 
the imidochlorides are more stable. On being heated, however, they lose hydro- 
chloric acid in part and pass into chlorinated bases. 

(1) Water changes the imidochlorides back into acid amides. The chlorine 
atom of these bodies is as reactive as the chlorine atom of the acid chlorides. 
(2) Ammonia and the primary and secondary amines change the imidochlorides 
to amidines (p. 328). (3) Hydrogen sulphide converts the imidochlorides into 

thiamides. 



328 


ORGANIC CHEMISTRY 


12. IMIDO-ETHERS* {Pinner, Ber. 16, 363, 1664 : 17, 184, 2002) 

NH 

The imido-ethers may be regarded as the esters of t^e imido-acids, R'-C^ 

a tautomeric formula of the acid amides, according to which the latter behave 
in many reactions (comp, also the Thiamides). 

The hydrochlorides of the imido-ethers are produced by the action of HCl 
on a cooled ethereal solution of a nitrile with an alcohol (in molecular quantities) : 

CHjCN + CjHsOH + HCl = CH3C<pp 

Acetimido-ether. 

Formimido-cthcr^ (p. 288). Acetimido-ethyl ether, b.p. 94°, when liberated 
from its HCl-salt by means of NaOH, is a peculiar-smelling liquid. Ammonia 
and the amines convert the imido-ethers into amidines. Shaking the imido-ether 
hydrochlorides with alcohol produces ortho-esters (p. 330). 


13. THIAMIDES 

As in the case of the acid amides (p. 321), so here with the thiamides two 
tautomeric formulas are possible : 

and R'C<g^. 

The thiamides are formed (1) by the action of phosphorus sulphide on the 
acid amides ; ( 2 ) by the addition of HgS to the nitriles (p, 326) : 

CH 3 CN + H^S = CH 3 CSNH 2 . 

Acetonitrile. Thiacetamide. 

Reactioyis. — ( 1 ) The thiamides are readily broken up into fatty acids, HgS 
NHg and amines. 

(2) They yield thiazolo derivatives with chloroacetic ester, chloroacetone, and 
similar bodies. 

(3) Ammonia converts them into amidines. 

(4) The action of hydroxylamine results in the production of amidoximes. 

(5) Reduction produces primary and secondary amines (Ann. 431, 191). 
Thwforrnamide, H CSNHg, m.p. (anhydrous) 28-29°, is obtained from PgSg 

and formamide (Ber. 42, 1911). 

Thioacetamidc, m.p. 108° (Ann. 192, 46 ; Ber. 11, 340). Thiopropionarnide, 
m.p. 42-43° (Ann. 259, 229). 

14. TIIIO-IMIDO-ETHERS 

are derived from the imidothiohydrin form of the thioamides. They are pre- 
pared, analogously to the imido-ethers, from the nitriles with mercaptans and 

NH 

HCl (Ber. 36, 3464). Acetimido-thiophenyl ether, CHgCs^gQ ^ , is obtained from 

its hydrochloride by the action of sodium hydroxide. It is an unstable yellow 
syrup. The hydrochloride, m.p. 120° (decomp.), is prepared from acetonitrile, 
thiophenol (Vol. 11) and HCl. 

15. AMIDINES, R : 192, 46) 

The amidines, containing an amide and imide group, whose hydrogen atoms 
are replaceable by alkyls, may be considered to be derivatives of the acid amides, 
in which the carbonyl oxygen is replaced by the imide group ; 

CHgCONHa CH 8 C(NH)NH 2 . 

Acetamide. Acetamidine. 

They are produced : 

(1) From the imide chlorides and thiamides, by the action of ammonia or 
amines. 

( 2 ) From the nitriles by heating them with ammonium chloride. 


♦ A. Pinner f Die Imidoaether und ihre Derivate, 1892. 
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(3) From the amides of the acids when treated with HCl (Ber. 15, 208) t 


2CHaCONH2 - + CHaCOaH. 

(4) From the imido-ethors (p. 328) when acted on with ammonia and amines 
(Ber. 16, 1647 : 17, 179). 

The amidines are mono -acid bases. In a free condition they are very un- 
stable. The action of various reagents on them induces absorption of water, 
the imide ^oup splits off, and acids or amides of the acids are regenerated. 

jS-Ketonic esters convert them into pyrimidines, e.g. acetamidine hydrochloride 
and acetoacetic ester yield ethoxydimethylpyrimidine, m.p. 192° (comp, poly- 
merization of acetonitrile, p. 327) ; 


\nHj 


COCHa 

+ I 

CHaCOOCaHg 


CH3C<^^ 


-Cx CHa 

^CH 


+ 2HoO. 


Formamidine (p. 289). 

Acetamidine, Acediamdne, Ethenyl amidine, CH3C(NH2)NH ; hydrochloride, 
m.p. 163°. The acetamidine, separated by alkalis, reacts strongly alkaline and 
readily breaks up into NHa and acetic acid. 


16. HYDROXAMIC ACIDS, 

These are produced by the action of hydroxylamine on acid amides, esters, and 
chlorides. They are characterized by containing an oximido- or i^onitroso- group 
in place of a carboxylic oxygen atom (Ber. 22, 2854). Another method of pre- 
paration is from aldehydes and nitrohydroxylaminic acid salts, 0:N(0H):N(0H) 
(C. 1901, II. 770). (Reaction of Angeli-Rimini : see p. 230.) 

CH3COH + N2O3H2 = CH3C(N0H)0H + HNOa. 

Benzene sulphohydroxamic acid, CaHgSOgNHOH, behaves similarly, by 
forming acyl hydroxamic acids and benzene sulphinic acid, CaHgSOaH, with 
aldehydes (C. 1901, II. 99). 

They are crystalline compounds, acid in character (Gazzetta, 40, I. 102), and 
form an insoluble copper salt in ammoniacal copper solutions. Ferric chloride 
imparts a cherry -red colour to both their acid and neutral solutions. 

Acetohydroxamic acid, CH3C(NOH)OH -h JH2O, m.p. 59°. It dissolves very 
easily in water and alcohol, but not in other. 

In addition to the general methods of preparation it is also obtained by heating 
hydroxylamine acetate to 90°. 

Formhydroxamic acid (see p. 289). 

17. HYDROXIMIC ACID CHLORIDES, 

When chlorine is passed into a solution of acetaldoxime, a precipitate of 
colourless crystals of nitrosochloroethane, CHa'CHCl-NO, m.p. 65°, is formed. 
This melts to form a blue liquid and dissolves in ether forming a blue solution. 
From both the colour gradually disappears on standing owing to a change into 
acetohydroximic acid chloride, CHg-CCh : NOH), m.p. — 3°, a colourless, easily 
decomposed liquid. Silver nitrite converts it into acetonitrolic acid (see p. 184) ; 
chlorine produces nitrosodichloroethane, CHaCCla'NO, b.p. 68°, a deep-blue oil 
(Ber. 35, 3101). Acetohydroximic acid chloride is also obtained directly by 
the action of chlorine on a hydrochloric acid solution of acetaldoxime (Ber. 
40, 1677). 

18, NITROLIC ACIDS, R (p. 184) 

As these bodies are genetically related to the mononitroparaffins, they have 
already been discussed immediately after them. 

19. AMIDOXIMES or OXAMIDINES, 

These compounds may be regarded as amidines, in which a H atom of the 
amide or imide group has been replaced by hydroxyl. They are formed ; by 
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the action of hydroxylamine on the amidines (p. 328) ; by the addition of 
hydroxylamine to the nitriles (Ber. 17, 2746) : 

CH,CN + NH,OH = 

Acetonitrilo. Acetamidoximo. 

and by the action of hydroxylamine on thiamides (Ber. 19, 1668) : 

CH.CSNH, + NHjOH = + H,S. 

The amidoxLmes are crystalline, very unstable compounds, which readily break 
down into hydroxylamine, and the acid amides or acids. 

Formamidoxime (p. 289). 

Ethenyl amidoxime, m.p. 135°. Hexenyl amidoxime, m.p. 48°. 

Heptenyl amidoxime, m.p. 48-49° (Ber. 25, R. 637). Lauryl amidoxime, m.p. 
92-92*5°. Myristyl amidoxime, m.p. 97°. Palmityl amidoxime^ m.p. 101*6-102°. 
Stearyl amidoxime, m.p. 106-106*5° (Ber. 26, 2844). 


20, 21. HYDROXAMIC OXIMES AND NITROSOXIMES. 

(NITROSOLIC ACIDS) 

These and alhed bodies are obtained from the hydroximic acid chlorides and 
nitrolic acids (Ann. 353, 65 : Ber. 40, 1676). 

NHOH 

Acetohydroxamic oxime, ^ results from the interaction of aceto- 

hydroximic acid chloride and hydroxylamine, or from the reduction of ethyl- 
nitrolic acid (p. 184) with sodium amalgam. It is unstable in the free state, 
but is known as a colourless hydrochloride, m.p. 156° (decomp.), and as a red- 
brown copper salt, C 2 H 4 O 2 N 2 CU -f- 2 H 2 O. Dilute alkali changes it into an un- 
stable strongly coloured aso-body, CH 8 C( : NOH)*N = N*C( : NOH)CH 8 , which 
partially changes into its more stable and equally coloured isomer, ethylazaurolic 
acid, CH 8 C( : NOH)*NH*N : C(NO)CH 3 , and partially breaks down into ethyl- 
nitrosolic acid and acetamide oxime : 

CHaC(NOH)*N=N*C( : NOH)CH8 -—> CHgCC : NOH)NO -f H2NC(NOH)CH3. 

Acetonitroso -oxime, Ethylnitrosolic acid, is prepared from 

acetohydroxamic oxime by oxidation with bromine. It is characterized by its 
deep-blue potassium salt, CaHjNyOgK. It is readily decomposed by acids. 

For further reactions, see above. 

22, 23. HYDRAZIDINE AND HYDRAZO- OXIMES 
such as and RC see Vol. II, and Ber. 35, 3271. 

24. ORTHO-FATTY ACID DERIVATIVES 

The ortho -esters of the fatty acids are obtained similarly to orthoformic 
ester (p. 290) (1) from the imido-ether hydrochlorides (p. 328) and alcohols 
(Ber. 40, 3020) ; (2) from the orthotrichlorides and sodium alcoholate ; (3) synthetic- 
ally from the orthocarbonic acid esters and alkyl magnesium halides (Ber. 38, 661). 

Orthoacetic triethyl ester, CH 8 C(OC 2 H 5 ) 8 , b.p. 146°/748 mm., 42°/13 mm., is a 
colourless pleasant -smelling liquid, but differing in odour from the ordinary 
ester. 

Orthopropionic ester, CH 8 CH 2 C(OC 2 H 5 ) 8 , b.p. 161°/66 mm., 54°/12 mm. 

Orthoacetyl trichloride, methylchZoroJorm, ethenyl trichloride. CLOLOL-Trichloro- 
ethane, CH8CC18, b.p. 74*6°, is formed together with aajS-trichloroethane, by the 
action of chlorine on ethylidine chloride (Ann. 195, 183). 

OrthoaceHc tripiperide, CH 8 *C(NC 5 Hio) 8 , b.p. 261°, is obtained by heating 
together methylchloroform and piperidine. It forms a strongly alkaline, colour- 
less liquid, of a peculiar odour : hydrochloride, CH 8 *C(N*C 5 Hio*HCl) 8 , does not 
melt at 260°. 
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HALOGEN SUBSTITUTION PRODUCTS OF THE 
FATTY ACIDS 

The halogen substitution products of the fatty acids are, in general, 
produced by the same methods as those employed for the preparation 
of the halogen derivatives of the paraffins. 

(1) Direct Substitution of the Fatty Acids, 

(а) The chloro acids are obtained by the action of chlorine on 
the fatty acids in sunlight, or in the presence of catalysts such as 
iodine, sulphur (Ber. 25, R. 797) or phosphorus (Ber. 24, 2209), or 
by the action of sulphuryl chloride on the fatty acids (C. 1905, I. 414). 

( б ) The bromo acids are also obtained by direct bromination of 
the fatty acids (Mechanism of reaction, see J.C.S. 123, 2233), or by 
heating them with water and bromine in a sealed tul 3 e, or by the 
use of sulphur (Ber. 25, 3311) or phosphorus as catalysts. 

(c) The iodo acids are obtained by iodination by iodine and iodic 
acid (to reduce the hydriodic acid produced), or from the bromo 
acids and potassium iodide. 

The acid chlorides, bromides, or anhydrides are more readily substituted than 
the free acids. This reaction can be brought about most suitably by the addition 
of the required quantity of chlorine dissolved in CCI 4 to a solution of the chloride 
in the same solvent. Each liquid is cooled externally, and the mixture is made 
in full sunlight (Ber. 34, 4047). When chlorine or bromine, in the presence of 
phosphorus, acts on the fatty acids (method of Hell-Volhard), acid chlorides 
and bromides result ; these are then subjected to substitution. The final 
products are halogen-acid chlorides or halogen-acid bromides : 

SCHa-COgH -f P + llBr = 3CHaBr-COBr -f HPOg + 5HBr. 

However, substitution only takes place in a iiiono-alkyl or dialkyl-acetic 
acid at the a-carbon atom. Hence, trimethylacetic acid cannot be chlorinated or 
brominated. Consequently the behaviour of a fatty acid towards chlorine or 
bromine and phosphorus indicates whether or not a trialkyl-acetic acid is present 
(Ber. 24, 2209). 

Mechanism of Hell-Volhard reaction, see Ber. 45, 1913 : 46, 2162. 

(2) Addition of Halogen Acids to Unsaturated Monocarboxylic Acids. 
— The halogen enters at a point as far as possible from the carboxyl 
group, e.g. : 

( CHaCl CHa-COaH jS-Chloro-l 

CH, : CH COjHJ CH,Br CH,-CO,H )5-Bromo- bropionio acid. 

Acrylic acid. I HI “ a a r 1 

V ^ CH 2 l CHa C 02 H jS-Iodo- / 

(3) Addition of Halogens to Unsaturated Monocarboxylic Acids . — 
Whenever possible the chlorine is allowed to act in a CCI 4 solution. 
Bromine often reacts without the help of a solvent, also in the pres- 
ence of water, CS 2 , glacial acetic acid and chloroform. 

(4) Action of the halogen acids {a) on hydroxymonocarboxylic acids : 

HCl 

CHa(OH)CH 2 COjH > CHaCl CHg-COtH 

Hydracrylic acid. 120® ^-Chloropropionlc 

acid. 

HBr 

CH 8 CH( 0 H)C 02 H > CHaCHBrCO^H 

Lactic acid. a-Bromogropionlc 

HI 


CH,(0H)CH(0H)C02H 
Glyceric acid. 


> CH2I CH2 CO2H 
^-lodopropionic 
acid. 
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In the case of hydriodic acid, reduction of a polyhydroxy acid 
may occur, with formation of a monohalogen derivative. 

(46) On lactones, cyclic anhydrides of y- or 6-hydroxy acids : 


CHa-CHaX 

>0 

CH2 CO / 
Biityrolactone. 


HBr 

> CHjBr CHa CHa COjH. 

y-Bromobutyric acid. 


(5) Action of the phosphorus halides, particularly PClg or thionyl 
chloride, on hydroxymonocarboxylic acids or their nitriles or esters 
(C. 1898, 1. 22 : Compt. rend. 152, 1601). The product is the chloride 
of a chlorinated acid, which water transforms into the acid : 

CH3 CHOH COOH + 2 PC 16 - CH3 CHCI COCI + 2 POC 18 + 2 HC 1 . 

Lactic acid. a-Chloroproplonyl chloride. 

Furthermore, halogen fatty acids are obtained like the parent acids 

(6) by the oxidation of chlorinated alcohols or aldehydes (p. 238) with 
nitric acid, chromic acid, potassium permanganate or potassium 
chlorate (Ber. 18, 3336) : 

20 

CH2CI CHCI CH3OH CH2CI CHCI CO2H 

a^-Dichlorhydrin. o^-Dichloropropionic 

acid. 

CCI3CHO - - - > CCI3COOH 
Chloral. Trichloroacetic acid. 

(7) The formation of halogen derivatives of acetyl chloride and 
bromide by the autoxidation of halogen derivatives of ethylene deserves 
mention (see p. 124) : 

CH2 = CBr2 CH2Br COBr. CHCl-CCb > CHCb COCl. 

(8) By the action of halogen acids on diazo-fatty acid esters (see 
Glyoxylic acid) : 

CHN2 OO2C2H6 4- HCl = CH2CI CO2C2H6 + N2. 

(9) When the halogens act on diazo-fatty acid esters : 

CHN2CO2C2H5 4 - T, CHI2CO2C2H3 + N,. 

Isomerism and Nomenclature . — Structurally isomeric halogen substitution 
products of the fatty acids are first possible with propionic acid. To indicate 
the position of the halogen atoms, the carbon atom to which the carboxyl group 
is attached is marked a, whilst the other carbon atoms are successively called 
P, y, 8, €, etc. The two monochloropropionic acids are distinguished as a- and 
/9-chloropropionic acids, whilst the three isomeric dichloropropionic acids are the 
aa-, PP- and a jS- dichloropropionic acids, etc. In the “ Geneva Nomenclature ” 
the C-atom of the COOH group is numbered 1 , so that CHg-CHCl-COgH, for 
example, is 2-chloropropionic acid, not l-chloropropionic acid. 


Properties and Reactions. — The introduction of substituting halogen 
atoms increases the acid character of the fatty acids. The halogen 
fatty acids, like the parent acids, yield, by analogous treatment, esters, 
chlorides, anhydrides, amides, nitriles, etc. 

On the velocity of ester formation and the electric conductivity 
of the a-, y-y and 6-halogen fatty acids, see Ann. 319, 369 : 
Gazzetta. 40, I. 294. 

(1) Nascent hydrogen causes the halogen substitution products of 
the fatty acids to revert to the parent acids — retrogressive substitution. 

In general, the monohalogen fatty acids resemble in their reactions 
the alkyl halides. 
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(2) Boiling water, alkali hydroxides, or an alkali carbonate solu- 
tion generally brings about an exchange of hydroxyl for the halogen 
atom (Ann. 342, 115). 

In monohalogen products, the position of the halogen atom, with 
reference to carboxyl, materially affects the course of the reaction : 
a- halogen acids yield a-hydroxy acids, j8-halogen acids split off the 
halogen acid and become converted into unsaturated acids with the 
formation also of ^-hydroxy acids (Ann. 342, 127) ; y-halogen acids, 
on the contrary, yield y- hydroxy acids, which readily yield lactones 
(Ann. 219 , 322) : 

CHjsClCOOH > CHaCOHjCO^H 
CH 2 CICH 2 COOH - - CH2=CHC02H 


H.O 


> CH 26 CH 2 CH 2 CO. 

The j3-halogen fatty acids are converted into /3-lactones 

i ^1 

R*CH( 0 )*CH 2 C 0 when the aqueous solution of their sodium salts is 
agitated with chloroform at 40^" (C. 1916, II. 557). 

(3) Ammonia converts the halogen acids into the corresponding 
amino acid. 

(4) The amides of a-bromo-fatty acids lose HBr and HCN when 
heated with potassium hydroxide, an aldehyde or ketone containing 
one carbon atom less being formed (Monatsh. 29, 69) : 

(CH3)2CBr CONH2 > (CH3)2CO + HCN + HBr. 

Nucleus-synthetic Reactions. — (5) Potassium cyanide produces cyano- 
fatty acids — the mononitrile of dibasic acids, which hydrochloric acid 
changes to dibasic acids. They will be considered after the latter : 

KCN on TT 2H,0,HC1 PO TT 

CH 3 CICO 3 H 

Chloroacetic acid. Cyanoacetic acid. Malonlc acid. 

(6) Dicarboxylic acids have also been obtained from monohalogen 
carboxylic acids by means of metals : 


2 CH 3 ICH 2 CO 3 H -f 2Ag = 


CH 3 CH 3 CO 3 H 


+ 2AgI. 


Adipic acid. 

(7) The esters of the monohalogen fatty acids have been applied 
in connection with the acetoacetic ester and malonic ester syntheses, 
and as results we have /8-ketone dicarboxylic acids, /8-ketone-tricar- 
boxylic acids, and tri- and tetracarboxylic acids. 

(8) The esters of the halogen fatty acids form with zinc or mag- 
nesium organo-metallic compounds ; in the presence of aldehydes 
and ketones, salts of the higher hydroxy-fatty acid esters are formed : 

RCHO -f BrCH(CH3)C03C3H3 ► RCH(OZnBr) CH(CH3)C03C3H5. 


(9) The final product of condensation of a-halogen fatty acid 
esters and ketones by means of sodium amide are the ethylene oxide 
carboxylic esters (glycidic acid esters) : 


R 3 CO + C 1 CH(CH,)C 03 C 3 H 5 


NH,Na 


RjjC C(CH 3 )C 03 C 3 H 3 . 



Chloroformic acid, Cl-COOH, is regarded as the chloride of carbonic 
acid. It will be discussed after carbonic acid. 

Substitution Products of Acetic Acid 

Monochloroacetic acid, CHgCl-COjH, m.p. 62°, b.p. 185-187°, solidifies 
after fusion to an 'uruiable modification, m.p. 52°. This slowly reverts spon- 
taneously to the ordinary acid (Ber. 26, R. 381). On the preparation of the acids 
from acetic acid and sulphuryl chloride, see C. 1905, 1. 414. 

Freparailon by chlorination of acetic acid in presence of iodine, red phosphorus 
and phosphorus pentachloride, see Z. angew. Chem. 40, 973. Technically the 
acid is prepared by the action of 90 per cent, sulphuric acid on the vapour of 
trichloroethylene. 

CCI 2 : CHCl + 2 H 2 O > CH2C1-COOH + 2HC1. 

The ethyl ester, b.p. 145°, is obtained technically by warming the readily accessible 
dichlorovinyl ethyl ether with water containing HCl (C. 1909, II. 78) (see p. 158) : 

CHCl : CCl OEt -|- H 2 O CHgChCOOEt + HCl. 

The chloride, CHgCl COCl, b.p. 106°, is obtained by distilling the addition product 
of HCl with dichlorovinyl ethyl ether (D.R.P. 222194, C. 1910, I. 1999): 

CH 2 Cl CCl 2 'OEt y CH 2 Ci-COCl + EtCl. 

The sodium and silver salts of chloroacetic acid, on the application of heat, yield 
polyglycollide. 

When monochloroacetic acid is heated with alkahs or water, the chlorine is 
replaced by the hydroxyl group, and hydroxyacetic acid or glycollic acid is formed 
{q.v.). Amino -acetic acid, or glycocoll, results when the monochloro-acid is 
digested with ammonia. 

Bromide, b.p. 127° ; anhydride, m.p. 40°, b.p. 110°/11 mm. (Ber. 27, 2949) ; 
amide, m.p. 116°, b.p. 224-225° ; nitrile, b.p. 124°. 

Dichloroacetlc acid, CHClgCOgH, b.p. 190-191°, is produced when chloral 
is heated with potassium cyanide or ferrocyanide and some water. If alcohol 
replace the water, dichloroacetic esters are formed (Ber. 10, 2124 : J. pr. Chem. 
[2], 88 , 531): 

CCljCHO + H 2 O + KCN = CHCI 2 CO 2 H + KCl + HCN. 

Dichloroacetic acid can also bo obtained by the reduction of trichloroacetic acid 
in benzene solution by means of copper. 

When its silver salt is boiled with a little water, glyoxyUc acid [q.v,) is produced. 

Methyl ester, b.p. 142-144° ; ethyl ester, b.p. 158° ; anhydride, b.p. 214-216° 
(decomp.) ; chloride, b.p. 107-108°, formed by the autoxidation of trichloroethy- 
lene (J. pr. Chem. [ 2 ], 85, 78) ; amide, m.p. 98°, b.p. 234° ; nitrile, b.p. 113°. 

Trichloroacetic acid, CCI 3 CO 2 H, m.p. 55°, b.p. 195°, the officinal Acidum 
trichloraceiicum, was first prepared by Dumas (1839) when he allowed chlorine 
to act in the simlight on acetic acid (Ann. 32, 101). Kolhe (1845) made the 
acid by the oxidation of chloral with concentrated nitric acid (Arm. 54, 183), 
and demonBirated how it could be prepared synthetically from its elements : 

Cl, Heat CCI 2 CI„2H,0 COOH. 

C + 2S CSj CCl, II ^ I 

CCI 2 Sunlight CCI 3 

The carbon disulphide resulting from carbon and sulphur is converted by the 
chlorine into carbon tetrachloride, which on the application of heat becomes 
converted into perchloroethylene, CCl 2 =CCl 2 (p. 124), and it, in turn, by the action 
of chlorine and water, aided by sunlight, yields trichloroacetic acid. This was 
the first synthesis of acetic acid, for Melsens had previously shown that potassium 
amalgam in aqueous solution reduced trichloroacetic acid to acetic acid (p. 301). 

Boiling with water decomposes trichloroacetic acid into chloroform (p. 290) 
and CO 2 , whilst excess of alkali produces formic acid and a carbonate (Ann. 342, 
122). Electrolysis gives rise to the formation of perchloroacetic trichloromethyl 
ester (C. 1897, II. 475). 

The methyl ester, b.p. 152*5° ; ethyl ester, b.p. 164°, are obtained from the 
acid and alcohols (Ber. 29, 2210 ; C. 1901, II. 1333). Trichloroacetyl chloride, 
(PerchloroacekUdehyde), b.p. 118°, is formed when ozonized air or SOj (Ann. 308, 



324) acts on perchloroethylene (Ber, 27 , R. 509) (comp, synthesis of trichloroacetic 
acid from CSg) ; bromide, b.p. 143° ; anhydride, b.p. 224° ; amide, m.p. 141°, 
b.p. 239° ; nitrile, b.p. 83° ; trichloromethyl ester, CCla COoCCl., m.p. 34°, b.p. 
192° (Ann. 273 , 61). 

Monobromoacetic acid, CHaBr-COgH, m.p. 50-51°, b.p. 208° ; ethyl ester, 
b.p, 169° ; chloride, b.p. 134° ; bromide, CH2Br*COBr, b.p. 150° ; anhydride, 
b.p. 245°; amide, m.p. 91°; nitrile, b.p. 148-150° (Ber. 38, 2694). 

Dibromoacetic acid, C2H2Br202, m.p. 54-56°, b.p. 232-235° ; ethyl eater, 
b.p. 192° ; bromide, CHBr2*COBr. b.p. 194° ; amide, m.p. 156° (Ber. 38, 2695) ; 
nitrile, b.p. 68°/24 mm. 

Tribromoacetic acid, CBrgCOaH, m.p. 135°, b.p. 246° with decomposition, 
results from the interaction of perbromoethylene and nitric acid (Ann. 308 , 324). 
Boiling water or alkali decomposes it similarly to trichU^roacetic acid (see above). 
Ethyl ester, b.p. 225° ; bromide, b.p. 220-225° ; amide, m.p. 120-121° ; nitrile, b.p. 
170°, is a dark red liquid, which HCl changes to the polymeric trinitrile, m.p. 
129° (Ber. 27 , R. 730). 

Moniodoacetic acid, CH2ICO2H, m.p. 82° (C. 1901, I. 665). 

Di-iodoacetic acid, CHI2 CO2H, m.p. 110°. 

Tri-lodoacetic acid, m.p. 150°. The last two compounds have been ob- 
tained from malonic acid and iodic acid (Ber. 26, R. 597). (Comp, iodoform, 
p. 291.) 

Monofluoroacetlc acid, CHaF-COOH, m.p. 33°, b.p. 165°, is obtained by 
the hydrolysis of its methyl ester, b.p. 104°, which in turn is prepared from methyl 
iodo -acetate and mercury or silver fluoride. 

Difluoroacetic acid, CHF2COOH, b.p. 134°, is prepared by oxidation of 
difluoroethyl alcohol (from difluoroethyl bromide). In these compounds the 
fluorine atom is held relatively firmly in the molecule (Jahresb. 1896, 759 ; C. 
1903, II. 709). 

Dibromofluoroacetic acid, CBraF COOH, m.p. 26°, b.p. 198°; ethyl ester, 
b.p. 173°, possesses a camphor-like odour; fluoride, CBrgF-COF, b.p. 75°, is 
formed from symmetrical (?) dibromodifluoroethylene by the absorption of 
oxygen (C. 1898, II. 702). 

Substitution Products of Propionic Acid 

The a -monohaloid propionic acids contain an as3mmetric carbon atom ; 
hence their esters, for example, are known in an active form. They are prepared 
according to the methods 4a and 5 (p. 331). The j3-inoaohalogen acids are derived 
from acrylic acid by method 2 (p. 331), and )8*iodopropionic acid from glyceric 
acid by method 4a. 

a-Chloropropionic acid, CH3CHCICO2H, b.]3. 186° ; ethyl ester, b.p. 146° ; 
chloride, 109-110° ; amide, 80° ; nitrile, b.p. 121-122°, is prepared from acet- 
aldehyde cyanohydrin and PCI 5 (Ber. 34, 4049). 

a-Bromopropionlc acid, m.p. 24-5°, b.p. 205°, is resolved into its optically 
active components by cinchonine ; ethyl ester, b.p. 162° ; bromide, b.p. 153° 
(Ann. 280 , 247) ; anhydride, b.p. 120°/5 mm. (Ber. 27 , 2949). Dextro-rotatory 
a-chloro- and a-bromopropionic esters are obtained from sarcolactic acid (Ber. 
28 , 1293). 

a-Iodopropionic acid, m.p. 45°, is prepared from propioiiyl chloride and 
iodine chloride (Bor, 36, 4392). 

)3-Chloropropionic acid, CH2C1CH^C03H, m.p. 41-5°, b.p. 203-204° ; methyl 
eater, b.p. 156° ; ethyl ester, b.p. 162° ; chloride, b.p. 143-145°. 

/3-Bromopropionic acid, m.p. 61-5°; ethyl ester, b.p. 69-70°/10 mm.; 
bromide, b.p. 164-156°. 

)3-Iodoproplonic acid, m.p. 82° ; methyl ester, b.p. 188° ; ethyl ester, 202° ; 
amide, m.p. 100° (Ber. 21 , 24, 97), is formed by boiling the ester with sodium 
amalgam and subsequently hydrolysing the mercury dipropionic acid, Hg(CH2- 
CH2C00H)2, formed, consisting of prisms, which are only slightly poisonous. 
The aqueous solution, when boiled, deposits a heavy precipitate of hydroxy- 


mercury propionic anhydride, OHgCHjCHaCO (Ber. 40, 386). 

Dihalogen Propiomc Acids. — aa- Acids are prepared by the chlorination and 
bromination of propionic acid (Ber. 18, 235), or by the action of phosphorus 
halides on pyruvic acid ; ajS-acids, by the addition of chlorine and bromine to 
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Chloroformic acid, Cl*COOH, is regarded as the chloride of carbonic 
acid. It will be discussed after carbonic acid. 

Substitution Products of Acetic Acid 

Monochloroacetic acid, CHjCl-COaH, m.p. 62°, b.p. 185-187°, solidifies 
after fusion to an wistable 'tnodijication, m.p. 52°. This slowly reverts spon- 
taneously to the ordinary acid (Ber. 26, R. 381). On the preparation of the acids 
from acetic acid and sulphuryl chloride, see C. 1905, I. 414. 

PreparalioH by chlorination of acetic acid in presence of iodine, rod phosphorus 
and phosphorus pentachloride, see Z. angew. Chem. 40, 973. Technically the 
acid is prepared by the action of 90 per cent, sulphuric acid on the vapour of 
trichloroethylene. 

CCI2 : CHCI + 2H2O > CHgCl-COOH + 2HCI. 

The ethyl ester, b.p. 145°, is obtained technically by warming the readily accessible 
dichlorovinyl ethyl ether wdth water containing HCl (C. 1909, II. 78) (see p. 158) ; 

CHCI : CCl OEt + H^O > CH^ChCOOEt + HCl. 

The chloride, CH2CI COCI, b.p. 100°, is obtained by distilling the addition product 
of HCl with dichlorovinyl ethyl ether (D.K.P. 222194, C. 1910, I. 1999) : 

CHaCl CCla’OEt > CHaCl-COCl -f EtCl. 

The sodium and silver salts of chloroacetic acid, on the application of heat, yield 
polyglycollide. 

When monochloroacetic acid is heated with alkahs or water, the chlorine is 
replaced by the hydroxyl group, and hydroxyacetic acid or glycollic acid is formed 
{q.v.). Amino-acetic acid, or glycocoll, results when the monochloro-acid is 
digested with ammonia. 

Bromide, b.p. 127° ; anhydride, m.p. 40°, b.p. 110°/11 mm. (Ber. 27, 2949) ; 
amide, m.p. 110°, b.p. 224-225°; nitrile, b.p. 124°. 

Dichloroacetlc acid, CHClgCOgH, b.p. 190-191°, is produced when chloral 
is heated with potassium cyanide or ferrocyanide and some water. If alcohol 
replace the water, dichloroacetlc esters are formed (Ber. 10, 2124 : J. pr. Chem. 
[2], 88, 531); 

CClgCHO + H2O + KCN = CHClgCOgH -f KCl + HCN. 

Dichloroacetic acid can also be obtained by the reduction of trichloroacetic acid 
in benzene solution by means of copper. 

When its silver salt is boiled with a little water, glyoxyhc acid {q.v.) is produced. 

Methyl ester, b.p. 142-144° ; ethyl ester, b.p. 158° ; anhydride, b.p. 214-210° 
(decomp.) ; chloride, b.p. 107-108°, formed by the autoxidation of trichloroethy- 
lene (J. pr. Chem. [2], 85, 78) ; amide, m.p. 98°, b.p. 234° ; nitrile, b.p. 113°. 

Trichloroacetic acid, CCI3CO2H, m.p. 56°, b.p. 196°, the officinal Acidum 
tricfUoraceticitm, was first prepared by Dumas (1839) when he allowed chlorine 
to act ill the sunlight on acetic acid (Ann. 32, 101). Kolbe (1845) made the 
acid by the oxidation of chloral with concentrated nitric acid (Ann. 54, 183), 
and demonstrated how it could be prepared synthetically from its elements : 

Cl, Heat CClj C1„2H,0 COOH. 

C + 2S > eSa > CCI4 II I 

CCIa SunUght CCI3 

The carbon disulphide resulting from carbon and sulphur is converted by the 
chlorine into carbon tetrachloride, which on the application of heat becomes 
converted into perchloroethylene, CCl2= CCI2 (p. 124), and it, in turn, by the action 
of chlorine and water, aided by sunlight, yields trichloroacetic acid. This was 
the first synthesis of acetic acid, for Melsens had previously shown that potassium 
amalgam in aqueoiis solution reduced trichloroacetic acid to acetic acid (p. 301). 

Boiling with water decomposes trichloroacetic acid into chloroform (p. 290) 
and CO2, whilst excess of alkaU produces formic acid and a carbonate (Ann. 342, 
122). Electrolysis gives rise to the formation of perchloroacetic trichloromethyl 
ester (C. 1897, II. 475). 

The methyl ester, b.p. 152'5° ; ethyl ester, b.p. 164°, are obtained from the 
acid and alcohols (Ber. 29, 2210 ; C. 1901, II. 1333). Trichloroacetyl chloride, 
{Perchloroacetaldehyde), b.p. 118°, is formed when ozonized air or SOj (Ann. 308, 
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324) acts on perchloroethylene (Ber. 27 , R. 509) (comp, synthesis of •trichloroacetic 
acid from CSg) ; bromide, b.p. 143° ; anhydride, b.p. 224° ; amide, m.p. 141°, 
b.p. 239° ; nitrile, b.p. 83° ; trichloromethyl ester, CCla-COgCCl., m.p. 34°, b.p. 
192° (Ann. 273 , 61). 

Monobromoacetic acid, CHaBr COaH, m.p. 50-51°, b.p. 208° ; ethyl ester, 
b.p. 169°; chloride, b.p. 134°; bromide, CHgBr-COBr, b.p. 150°; anhydride, 
b.p. 245° ; amide, m.p. 91° ; nitrile, b.p. 148-150° (Ber. 38, 2694). 

Dibromoacetic acid, C 2 H 2 Brj 502 , m.p. 64-56°, b.p. 232-235° ; ethyl ester, 
b.p. 192° ; bromide, CHBrg-COBr, b.p, 194° ; amide, m.p. 156° (Ber. 38, 2695) ; 
nitrile, b.p. 68°/24 mm. 

Tribromoacetic acid, CBraCOgH, m.p. 135°, b.p. 246° with decomposition, 
results from the interaction of perbromoethyleiie and nitric acid (Ann. 308 , 324). 
Boiling water or alkali decomposes it similarly to trichloroacetic acid (see above). 
Ethyl ester, b.p. 225° ; bromide, b.p. 220-225° ; amide, m.p. 120-121° ; nitrile, b.p. 
170°, is a dark red liquid, which HCl changes to the polymeric trinitrile, rn.p. 
129° (Ber. 27 , R. 730). 

Moniodoacetic acid, CHalCOgH, m.p. 82° (C. 1901, I. 665). 

Di-iodoacetic acid, CHI 2 CO 2 H, m.p. 110°. 

Trl-iodoacetic acid, m.p. 160°. The last two compounds have been ob- 
tained from malonic acid and iodic acid (Ber. 26, R. 597). (Comp, iodoform, 
p. 291.) 

Monofluoroacetic acid, CHaF-COOH, m.p. 33°, b.p. 165°, is obtained by 
the hydrolysis of its methyl ester, b.p. 104°, which in turn is prepared from methyl 
iodo -acetate and mercury or silver fluoride. 

Difluoroacetic acid, CHFgCOOH, b.p. 134°, is prepared by oxidation of 
difluoroothyl alcohol (from difluoroethyl bromide). In these compounds the 
fluorine atom is held relatively firmly in the molecule (Jahresb. 1896, 759 ; C. 
1903, IL 709). 

Dibromofluoroacetic acid, CBraF-COOH, m.p. 26°, b.p. 198°; ethyl ester, 
b.p. 173°, possesses a camphor-like odour ; fluoride, CBr^F-COF, b.p. 76°, is 
formed from symmetrical (?) dibromodifluoroethylene by the absorption of 
oxygen (C. 1898, II. 702). 

Substitution Products of Propionic Acid 

The a -monohaloid propionic acids contain an asymmetric carbon atom ; 
hence their esters, for example, are known in an active form. They are prepared 
according to the methods 4a and 5 (p. 331). The /3-monohalogen acids are derived 
from acrylic acid by method 2 (p. 331), and /3-iodopropionic acid from glyceric 
acid by method 4a. 

a-Chloropropionic acid, CH 3 CHCICO 2 H, b.p. 186° ; ethyl ester, b.p. 146° ; 
chloride, 109-110°; amide, 80°; nitrile, b.p. 121-122°, is prepared from acet- 
aldehyde cyanohydrin and PCI 5 (Ber. 34 , 4049). 

a-Bromopropionic acid, m.p. 24-5°, b.p. 205°, is resolved into its optically 
active components by cinchonine ; ethyl ester, b.p. 162° ; bromide, b.p. 153° 
(Ann. 280 , 247) ; anhydride, b.p. 120°/5 mm. (Ber. 27 , 2949). Dextro-rotatory 
a-chloro- and a-bromopropionic esters are obtained from sarcolactic acid (Ber. 
28 , 1293). 

a-lodopropionic acid, m.p. 45°, is prepared from propionyl chloride and 
iodine chloride (Ber. 36, 4392). 

/3-Chloropropionic acid, CHgClCHijCOaH, m.p. 41 -5°, b.p. 203-204° ; methyl 
ester, b.p. 166° ; ethyl ester, b.p. 162° ; chloride, b.p. 143-145°. 

/S-Bromopropionic acid, m.p. 61-5°; ethyl ester, b.p. 69-70°/10 mm.; 
bromide, b.p. 154-156°. 

j3-Iodopropionic acid, m.p. 82° ; methyl ester, b.p. 188° ; ethyl ester, 202° ; 
amide, m.p. 100° (Ber. 21 , 24, 97), is formed by boiling the ester with sodium 
amalgam and subsequently hydrolysing the mercury dipropionic acid, Hg(CH 2 - 
CH 2 C 00 H) 2 , formed, consisting of prisms, which are only slightly poisonous. 
The aqueous solution, when boiled, deposits a heavy precipitate of hydroxy- 


mercury propionic anhydride, OHgCHjCHjCO (Ber. 40, 386). 

Dihalogen Propionic Acids. — aa- Acids are prepared by the chlorination and 
bromination of propionic acid (Ber. 18 , 235), or by the action of phosphorus 
halides on pyruvic acid ; a/3*acids, by the addition of chlorine and bromine to 
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acrylic acid, by the addition of a halogen acid to a-halogen acrylic acids, and 
by the oxidation of the corresponding alcohols (p. 332) ; ^^-acids, by the addition 
of a halogcTi acid to /Sdialogen acrylic acids. 

aa-Dichloropropionic acid, CHaCClaCO^H, b.j). 185-190® ; ethyl ester, b.p. 
150-157®; chlorulr, from pyroraceinic acid and PClg, b.p. 105-115®; amide, 
m.p. 110° (Ber. 11, 388); nitrile, b.p. 105° (Bor. 9, 1593). 

The silver salt breaks down into pyroraceinic acid and aa-dichloropropionic 
acid when heated in aqueous solution. 

aa-Dibromopropionic acid, m.p. 61°, b.p. 220° ; ethyl ester, b.p. 190°, is 
decomj.)osed by sodium hydroxide into pyroraceinic acid, CHgCOCOOH, and 
bromoacrylic acid (Ami. 342, 130). 

a^-Dichloropropionic acid, CHgClCHClCOgH, m.p. 60°, b.p. 210° ; ethyl 
ester, b.p. 184°. 

a^-Dibromopropionic acid, m.p. 51° and 64°, b.p. 227° with partial decom- 
position, exists in two allotropic modifications, which can be readily converted 
one into the other, and of which the more stable possesses the higlier melting 
point. Wat-er or sodium hydroxide produces from it a-bromoacrylic and glyceric 
acids (Ann. 342, 135) : ethyl ester, b.p. 211-214°. 

j8/8-Dibromopropionic acid, m.p. 71°, is formed from j8-bromoacrylic acid 
and HBr (Ber. 27, R. 257). 

Substitution Products of the Butyric Acids 

a-Chloro-n-butyric acid, CHgCHgCHClCOgH, b.p. 101°/15 mm. (Ann. 319, 
358), is a thick liquid : ethyl ester, b.p. 158° ; chloride, b.p. 131°, is obtained 
from butyrjd chloride (Ann, 153, 241); nitrile, b.p. 142°. 

a-Bromobutyric acid, b.p. 215°, is prepared from butyric acid. 
^-Chloro-n-butyric acid, CHgCHCl CHgCOOH, b.p. 99°/12 mm., is obtained 
from allylcyanide, and from solid crotonic acid and HCl; nitrile, b.p. 175°. 

/5-Bromo-w- butyric acid, m.p. 18°, b.p. 122°/16 mm., and /3-iodo-n- 
butyric acid, m.p. 110° (Ber. 22, R. 741 ; C. 1905, I. 24) have been obtained 
from crotonic acid and from allylcyanide. 

y-Chloro-n-butyric acid, CH^jClCHgCHorOgH, m.p. 16°, b.p. 115°/13 mm., 
is obtained from the nitrile and from trimethyleno carboxylic acid and HCl (Ann. 
319, 363). Triinethylene chlorobromide, CHgCl CHgCHgBr and KCN yield 
y-Chlorobutyric nitrile, b.p, 189° (Ann. 319, 360). Alkali hydroxides convert 
the nitrile into trimethylene carboxylic acid nitrile (Vol. II) (C. 1908, I. 1367). 
The acid is obtained from this, and when distilled at 200° it yields HCl and 
but 5 n’olactono. 

y-Bromo- and y-iodobutyric acids, m.p. 33° and 41°, result from butyrolac- 
tone (q.v.) by the action of HBr and HI (Ber. 19, R. 165). 

a/3-Dichlorobutyric acid, CligCHClCHCK'OgH, m.p. 63°. ajS-Dibromo- 
butyric acid, m.p. 85°. Both are obtained from crotonic acid (p. 344). )3y-Dl- 

bromobutyric acid is obtained from vinylacetic acid (p. 345). 

aa^-Trichlorobutyric acid, CH 3 -CHCbCCl 2 -C 02 H, m.p. 60°, appears in the 
oxidation of butyl chloral (q.v . ) and by the action of chlorine on chlorocrotonic 
acids (Ber. 28, 2661). 

aajS-Tribromobutyric acid, m.p. 115°. The solutions of the sodium salts of 
both acids break down, when warmed, into COg, sodium halide, and aa-dichloro- 
and aa-dibromopropylene (Ber. 28, 2663). 

a-Bromoi»obutyric acid, (CHgjgCBr-COOH, rn.p. 48°, b.p. 199°; ethyl ester, 
b.p. 164° ; anhydride, m.p, 63° (Ber. 27, 2951) ; amide, m.p. 148°, with bromine 
and alkali (comp, p. 263) yields acetone (C. 1905, I. 1220). cL~Bromoisobutyryl 
bromide, b.p. 163°, is converted by zinc into dirnethylketen (p. 271). 

a-Iodoisobutyric acid, m.]). 73° (C. 1900, i. 960), is prepared from isobutyryl 
chloride, SjClg, and iodine. 

Halogen Substitution Products of the Higher Fatty Acids 

Acids, containing the group (CH 3 ) 2 CH, have their methine hydrogen sub- 
stituted by chlorine when the reaction takes place in sunlight at 100° (C. 1897, 
II. 1100 : 1899, II. 963). Among the higher members some a-bromo-acids are 
prepared by bromination with or without the presence of phosphorus (Ber. 25, 
486). Such compounds can also be obtained by the addition of the halogen acids 
or the halogen to unsaturated acids (Ann. 319, 367 ; C. 1901, 1. 93, 665). Dialkyl 
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bromoacetic acids, RgCBrCOOH, can also be prepared from dialky Imalonic acids 
by heating with bromine and water. Some of their amides are employed as 
soporifics (C. 1906, II. 1694). 

The dibromo- addition-products of the unsaturated acids have been exhaus- 
tively studied. Water almost invariably causes the elimination of CO 2 from the 
a^-dibromides with the formation of brominated hydrocarbons, etc., whereas 
CO 2 is never split off from the j3y- and yS -derivatives, but the first products 
are brominated lactones, from which hydroxy -lactones and y-ketonic acids are 
simultaneously obtained (Ann. 268, 55). 


B. OLEFINE MONOCARBOXYLIC ACIDS (OLEIC ACID 
SERIES), CnHon-iCO^H 

The acids of this series, bearing the name Oleic Acid Series because 
oleic acid belongs to them, differ from the saturated fatty acids by 
containing two atoms of hydrogen less than the latter. They also 
bear the same relation to them that the alcohols of the allyl series do 
to the normal alcohols. We can consider them as being derivatives 
of the olefines, CwHgw, produced by the replacement of one atom of 
hydrogen by the carboxyl group. 

Some of the methods employed for the preparation of the un- 
saturated acids are similar to those used with the saturated acids. 
Others correspond with the methods used with the olefines, and 
others, again, are peculiar to this class of bodies. 

They are formed frofn ccnnjyounds containing the same number of 
carbon atoms : 

(1) Like the saturated fatty acids, by the oxidation of their 
corresponding alcohols and aldehydes ; thus, allyl alcohol and its 
aldehyde afford acrylics acid : 

CH2 : CH CHoOH > GHj : CH CHO CH2 : CH CO2H. 

Allyl alcohol. Acrolein. Acrylic acid. 

(2) By the action of alcoholic potassium hydroxide (p. 333) on 
the monohalogen derivatives of the fatty acids, or by the action of 
heat on them, together with a tertiary base such as diethylaniline 
or quinoline (C. 1898, I. 778). 

CH3 CH2 CHCI CO2H and CH3 CHCI CH2 CO2H yield CH3 CH : CH CO2H 

a-Chlorohutyric acid. /3-Chlorol>utyric acid. Crotonlc acid. 

The derivatives are especially reactive, sometimes parting with 
halogen acids when boiled with water (p. 333), whereas the y-halogen 
acids yield hydroxy- acids and lactones. 

(3) The derivatives of the acids (p. 336) readily lose two halogen 
atoms, (a) either by the action of nascent hydrogen — 

CHgBr CHBr COaH + 2H CH 2 : CH COgH + 2HBr, 
a/3-Dibromopropiouic acid. Acrylic acid. 

or (b) even more readily when heated with a solution of potassium 
iodide, in which instance the primary di-iodo-compounds part with 
iodine (p. 165) : 

CHgl-CHI COaH = CH2 : CH CO^H + I*. 

(4) By the addition of hydrogen to acetylcnecarboxylic acids : 

CH3 C : C-COOH 2H = CH3 CH : CH COOH. 

Tetrolic acid. Crotouic acid. 

(5) By the removal of water (in the same manner in which the 

VOL. I. z 
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olefines CnH^n are formed from the alcohols) from the hydroxy-fatty 
acids (the acids belonging to the lactic series) : 

CHsCHiOHl-COjtH and CH 2 ( 0 H) CH 2 *C 02 H yield CH^rCH COaH. 
a-HydroxypropionJc acid. /3-Hydroxypropionlc acid. Acrylic acid. 

Here again the |S-derivatives axe most inclined to alteration, losing water when 
heated. The removal of water from a-derivatives is best accomplished by treating 
the esters with PCh. The esters of the imsaturated acids are formed first, and 
con be saponified by means of alkalis. Another method is to act with 
on the nitriles of the hydroxy-acids (C. 1898, II. 002). ^ Hyilroxy-acids also 

yield olefine carboxylic acids when boiled with alkalis (Ann. 283, 58). 

If both a-situated hydrogen atoms in a /3-hydroxy-acid are substituted, warm- 
ing the ester with PaOg causes elimination of water in the jSy position ; if, however, 
tliere is no hydrogen in the y position, an internal rearrangement occurs wliicli 
favours the expulsion of water (C. 1906, II. 317, 318) : 

CH 3 CH( 0 H)C(CH 8 )C 05 .R CHjj : CHC(CH3)2C02K 

CH2(0H)C(CH8)2C02R CH(CH3) : C(CH3)C02R. 

This reaction is the reverse of the pinacono-pinacolin transformation {q.v.). 

(6) Amino-fatty acids lose the amino-group, after previous ex- 
haustive rnethylation (p. 198), and yield olefine carboxylic acids 
(Ber, 33, 1408). 

(7) a-Alkyl-a-bromosuccinic acids lose HBr and CO 2 when boiled 
with sodium hydroxide (C. 1899, I. 1071). 

Nucleus-synthetic Methods. — (8) Some may be prepared synthetic- 
ally from the halogen derivatives, CnHgw-iX, through the cyanides 
(p. 324) ; thus, allyl iodide yields allyl cyanide and crotonic acid : 
the position of the double bond is changed at the same time : 

CH2 : CHCHjI ► CH2 : CH CH^CN ^ CH^CH : CHCOgH. 

The replacement of the halogen by CN in the compounds C„H 2 «_iX is con- 
ditioned by the structure of the latter. Although ally] iodide, CHo : CH-CHgl, 
yields a cyanide, chloroethylene, CHg : CHCl, and /3-chloropropylene, CHg-- 
CCl : CHg, are not capable of this reaction. 

(9) The action of CO 2 and magnesium on an ethereal solution of 
allyl bromide produces vinyl acetic acid (Ber. 36, 2897) : 

CHa : CHCH2Br -f Mg -f CO 2 - CH 2 : CHCH2COOMgBr. 

(10) Some acids have been synthetically prepared by Perkin’s 
reaction, which is readily brought about with benzene derivatives, 
but proceeds with difficulty in the fatty series. It consists in treat- 
ing the aldehydes with a mixture of acetic anhydride and sodium 
acetate (comp. Cinnamic acid) : 

CgHisCHO + CHa-COaNa = CeHjaCH : CH C02Na -f H^O. 

CEnanthol. Xonenoic acid. 

(Ann. 277, 79 : C. 1899, I. 595). 

/3 -Dime thylacry lie acid is obtained from acetone, malonic acid and acetic 
anhydride (Ber. 27, 1574). 

Pyroracemic acid acts analogously with sodium acetate — carbon dioxide 
spHts off and crotonic acid results (Ber. 18 , 987). 

A modification of this method consists in allowing the aldehyde, dissolved 
in anhydrous ether to react with malonic acid in the presence of anhydrous 
pyridine at a suitable temperature (Bull. Soc. Chim. 41 , 440). 

Methods of formation, dependent upon the breaking-down of long 
carbon chains : 

(11) By the decomposition of unsaturated p-ketonic acids, syn- 
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thetieally prepared by the introduction of unsaturated radicals into 
acetoacetic esters. Allyl acetoacetic ester yields allylacetic acid 
(p. 347). 

(12) By the decomposition of unsaturated malonic acids, containing 
the two carboxyl groups attached to the same carbon atom (p. 564) : 

GHj CH : ClCOsH)^ = CHs CH : CH COjH + COj. 

Ethylldeiieiualonic acid. Crotonlc acid. 

A large number of unsaturated acids have been prepared by Adams 
and his co-workers from the corresponding unsaturated substituted 
malonic acids (J.A.C.S. 52, 1281). 

(13) /?y-Unsaturated acids are prepared by distilling y-lactone- 
/5-carboxylic acids, the alkylated paraconic acids (Ber. 23, R. 91). 
In the same manner y<5 -unsaturated acids result from the (5-lactone- 
y-carboxylic acids (Ber. 29, 2367) : 

CO^H 

— COj y ^ a 

Methyl Para- CH3-CH CH CH2 > CH3CH : CH-CH^ CO^H 

conic add. • • P ^ ^ 

(-J A -Pentonoic acid. 


5-CaproIactone- 
-corboxyiic acid. 


CO2H 

CH3-CHCHCH2CH2 
O CO 


> CH 3 CH : fe cHa-CHa-CO^H. 
A^-Hexenoic acid. 


I&omerism . — An isomer of acrylic acid is neither known nor possible. The 
second member of the series has throe structurally isomeric, open-carbon chain 
modifications ; 


(1) CHj-CH = CH CO,H ; ( 2 ) CHj=CH-CHj-CO.,H ; (3) 


There are actually four unsaturated acids of the formula C4H8O2. To 
vinylacetic acid and methacrylic acid are assigned respectively the fonnulse 2 
and 3 , on the evidence of their methods of preparation. This leaves the formula 1 
to represent both crotonic acids, and their isomerism must be explained as a 
stereochemical one {cis-trans isomerism, see p. 41 ). 

Numerous pairs of unsaturated acids are known, which are stereochemically 
related to each other in the same way as the two crotonic acids, e.g, angelic and 
tiglic acids, oleic and elaidic acids, erucic and brassidic acids. 

The monocarboxylic acids of the c2/cZoparaffiri8 are structurally isomeric with 
the unsaturated acids. Thus, ci/cZopropanecarboxylic acid is isomeric with the 
unsaturated acids CgHgCOOH and cj/cZobutanecarboxylic acid with the acids 
C^H^COOH : 


/CH, 

CH/ I 

\CHCOOH 

cj/cZoPropanecarboxyUc acid. 


CHj— CHa 

I I 

CH,— CHCOOH 

cycZoButanecarboxylic acid. 


Properties and Reactions . — The unsaturated, acids, which resemble 
the saturated acids in their general behaviour, differ from them in 
their unsaturated character, as shown by their capacity to form 
addition compounds. They thus combine the properties of a fatty 
acid with those of an olefine. The a)3-unsaturated acids in particular 
very readily form addition products. For dissociation constants of 
the unsaturated acids, see Ann. 334, 201 : 348, 256. 

(1) Reduction . — The unsaturated acids are converted by reduction 
into the corresponding fatty acid. 

The lower members usually combine with 2H produced by the 
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action of zinc on dilute sulphuric acid, while the higher members 
remain unaffected. Sodium amalgam apparently only reduces the 
ajS- unsaturated acids. By heating with hydriodic acid and phosphorus 
or by the action of hydrogen in the presence of a nickel, platinum 
or palladium catalyst, all unsaturated acids are reduced, the cx,^- 
unsaturated compounds being again, in general, the most readily 
attacked (Ber. 41 , 1476, 2273: 42 , 1325). 

(2) Esters of the unsaturated acids, such as acrylic and crotonic 
acids, polymerize under the influence of sodium methoxide, whereby 
the double bond is broken, and the /9-carbon atom of one molecule 
joins the a-carbon atom of a second, accompanied by the migration 
of a hydrogen atom : 

2CHj : CH-COOH = CO,H C(: CH2) CH2 CIl2 COOH. 

(3) They combine with halogen acids, forming monohalogen fatty 
acids. In so doing the halogen atom enters the molecule as far as 
possible from the carboxyl group (p. 331). 

(4) They unite with the halogens to form dihalogen fatty acids 
(J.C.S. 97 , 2450). 

All these reactions have already been given as methods for forming 
fatty acids and their halogen derivatives. 

The addition of halogen to the unsaturated acids is used for the 
purpose of separating the unsaturated from the saturated acids (C. 
1921, IV. 1239). 

(5) Ammonia converts the olefine carboxylic acids into amino- 
fatty acids : crotonic acid yields /9-aminobutyric acid (cf. C. 1909, 
II. 1988). Hydrazine and phenylhydrazine behave similarly with the 
same compounds. 

(6) Diazoacetic ester and diazomethane combine with the olefine 
carboxylic esters to produce pyrazolinecar boxy lie esters : acrylic 
ester and diazoacetic ester yield 3 : 4-pyrazolinecarboxylic ester (q.v,) 
{Buchner, Ann. 273 , 222). 

(7) The olefinecarboxylic aeiV].^ unite with N2O4, forming dinitro- 
carboxylic acids {cf. Addition of N2O4 to olefines, p. 104) : 

CH 3 CH : CHCOOH > CH 3 CH(N 02 ) CII (N 02 )C 00 H. 

These addition compounds are destroyed when heated with fuming 
hydrochloric acid with the formation of mono- and dicarboxylic 
acids, e.g. : 

CH,(CH2),CH(N02)-CH(N02) (CH2),C00H > 

CH3(CH2)7C00H -f C00H-(CH2)7-C00H. 
relargonic acid. Azekiic acid. 

These reactions are of value in determining the position of the 
double bond in unsaturated acids (J. pr. Chem. [2J 86, 521). 

(8) The behaviour of unsaturated acids towards alkalis is note- 
worthy. 

(а) When heated to 100 , with KOH or NaOH, they frequently 
absorb the elements of water and pass into hydroxy acids. Thus, 
from acrylic acid we obtain lactic acid : 

CHj : CH-C02H -f Hp - CHa CHCOHl COaH. 

(б) /9y-Unsaturated acids rearrange themselves to a/^-unaaturated 
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acids (Fittig, Ann. 283, 47, 269 : Ber. 28, R. 140) when they are 
boiled with alkali hydroxide ; 

CHa CHj CH-CH'CH^ COOH > CH3 CHj £Hj-CH=CH COOH. 

Hydrusorbic add. M-Butylidencacotlc acid. 

In general, a distant double bond migrates nearer the COOH- 
groiip {cf. Oleie acid, Monatsh. 38, 1). 

(c) When fused with potassium or sodium hydroxide their double 
union is severed and two monobasic fatty acids result ; 

CH2 : CH CO2H -f- 2H2O - CH2O2 4- CH3 CO2H -f 
Acrylic acid. Formic acid. Acetic acid. 

CH3CH : CH coat + 2H.,0 = CH.vCO^H -f CHg CO^H + H2. 

Crotoiiic add. Acetic acid. Acetic acid. 

The deciorn position occasioned by fusion with alkalis is not a reaction 
wliieh can be applied in ascertaining constitution, because under the 
influence of the alkalis there may occur a displacement or rearrange- 
ment of the double union. 

(9) Oxidation. — Oxidizing agents like chromic acid, nitric acid and 
potassium permanganate have the same effect as alkalis, (a) The 
group linked to carboxyl is usually further oxidized, and thus a 
dibasic acid results. 

(6) When carefully oxidized with permanganate, the unsaturated 
acids undergo an alteration similar to that of the olefines and dihydroxy 
acids are formed {Fittig, Ber. 21, 1887). 

CHa-CH : C4C.,H;,)C02H + O + 11^0 = CIl3CH(0H) C(0H){C2HdC02H. 

a-Kthyl crotonic acid. a^*l)ihydroxy-a*ethylbutyric acid. 

By the oxidation of the methyl or ethyl esters with permanganate 
in hot acetone or acetic acid solution, the unsaturated acids can be 
converted into the mono- and dibasic acids obtainable by rupture of 
the double bond in high yield, and without shift of the ethylenic 
linkage. This method is of value in the determination of the con- 
stitution of such unsaturated acids (Armstrong and Hilditch, J.S.C.I. 
44, 43t). 

(10) Ozone produces ozonidcs by action on the olefine carboxylic 
acids. They are decomposed by water into aldehydes and aldehyde - 
acids, a reaction which indicates their constitution (comp. p. 106) 
(Ann. 343, 34 : 374, 356) : 

CH 3 CH : CH(\)01I + O 3 - 1 - H 2 O - CH 3 CHO + HOC COOH -{- 

Crotonic (or i«ocrolonic) acid. Acetaldehyde. Ulyoxylic acid. 

The unsatuiated adds resemble olefines in their reaction with 
perbenzoic acid (Ber. 42, 4811 : sec also p. 106). 

(11) /yy-Unsaturated acids when heated with dilute sulphuric acid 
yield y-lactoiies : 

I 

(CH3)2C : CH CH 2 CO 2 H y (CH3)2C-CH2-CH2-C00. 

Pyrotercbic acid. iwCaprolactone. 

As the a/^-unsaturated acids are usually unaffected by this pro- 
edure, it forms a method for the separation of and j3y-unsaturated 
acids (Ann. 283, 51 : c/., however, Ber. 42, 4710). 
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(12) Many a/?-imsatiirated esters react with the sodium derivative 
of ethyl raalonate to form saturated tricarboxylic esters (Michael 
condfTisaiion). This reaction has recently been shown to be reversible, 
an equilibrium being attained between the unsaturated ester and 
malonic ester and the addition product (Ingold and Powell, J.C.S. 
119, 1976). 

Acrylic acid fPropene-acid], CHg : CH-COoH, m.p. 7", b.p. 141°, 
is obtained according to the general methods : 

(1) From /^-chloro-, /9-bromo-, or /5-iodo-propionic acid by the 
action of alcoholic potassium hydroxide or lead oxide. 

(2) From a/?-dibromopropionic acid by the action of zinc and 
sulphuric acid, or potassium iodide, or reduced copper containing 
ii’oii (C, 1900, II. 173). 

(3) By heating /?-hydroxypropionic acid (hydracrylic acid). 

The best method consists in oxidizing acrolein with silver oxide, or 
by the conversion of acrolein, by successive treatment with hydro- 
chloric and nitric acid, into /?-chloropropionic acid, and the subse- 
quent decomposition of this acid by alkali hydroxide (Ber. 26, R. 
777 : Ber. 34, 573). 

Acrylic acid is a liquid with an odour like that of acetic acid, and 
is miscible with water. If allowed to stand for some time, it is trans- 
formed into a solid polymer. By protracted heating on the water- 
bath with zinc and sulphuric acid it is converted into propionic acid, a 
reaction which does not occur in the cold. It combines with bromine 
to form a/9-dibromopropionic acid, and with the halogen acids to 
yield ^-substitution products of propionic acid (p. 335). If fused with 
alkali hydroxides, it is broken up into acetic and formic acids. 

The fiiJver salt, C 3 H 302 Ag, consists of shining needles ; lead salt, (C 3 H 302 ) 2 Ph, 
crystallizes in long, silky, glistening needles ; ethyl ester, C 3 H 302 *C 2 H 5 » b.p. 101”, 
obtained from the ester of a/3-dibromopropionic acid by moans of zinc and sul- 
phuric acid, is a pungent-smelling liquid ; methyl ester, b.p. 85°, is polymerized 
by sodium methoxide to a-methylene giutaric ester (Ber. 34, 427). 

Acryl chloride, CH^ : CH-COCi, b.p. 75°; anhydride [CHg : CH-COJgO, b.p. 
97°/35 mm. ; amide, CHj : CH-CONHa, m.p. 84° ; nitrile, vmyl cyanide, CHg 
CHCN, bp. 78° (Ber. 26, R. 776: C. 1899, II. 662). 

Substitution Products. — There are two isomeric forms of mono- and di- 
substituted acrylic acids. 

OL-Chloroacrylic acid, CHg : CCl-CO^H, m.p. 64°, results when a/3- and also 
aa-dichloroprop ionic acids are heated with alcoholic potassium hydroxide. It 
combines with HCl at 100° to produce a^-dichloropropionic acid (Ber. 10, 1499 : 
18, 244). 

P-Chloroacrylic acid, CHCl : CH-COgH, m.p. 84°, is produced together with 
dichloroacrylic acid in the reduction of chloralide with zinc and hydrochloric acid 
(Ann. 203, 83 : 239, 263), also from propiolic acid, CH : C*COaH (p. 351), by the 
addition of HCl. It unites with HCl to /3/3-dichloropropionic acid. Ethyl ester, 
b.p. 146°. 

a-Bromoacrylic acid, m.p. 69—70°, is slowly decomposed by alkalis into acety- 
lene and alkali bromide and bicarbonate (Ann. 342, 135). 

^-Bromoacrylic acid, m.p. 115—116”. 

p’lodoacrylic acid, is known in two modifications, m.ps. 139-140° and 66° 
(Ber. 19, 542). 

a^-Dichloroacrylic acid, m.p. 87° ; pp -dichloroacrylic acid, m.p. 76-77°. 

OLp-Dibromoacrylic acid, m.p. 85—86° ; pp-dihromoacrylic acid, m.p. 86°. 

ap-Di-iodoacrylic acid, m.p. 106° ; pp-di-iodoacrylic acid, m.p. 133° (Ber, 
18, 2284). 

OL-Chloro-p-iodoacrylic acid, m.p. 89°, results from reduction of iodosochloro^ 
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acrylic acid, or its iodosochloride, which in turn is prepared by the action of water 
or alcohol on iodoaocMorO’Chlorofumaric acid (Ann. 369, 120). 

r I 1 1 

CllC(COOH) : CCI COO ► CllCH : CCI COO >■ ICH : CCICOOH. 

lodosochloro-fihloro- lodosochloro- Chloro-iodo- 

fumaric acid. chloroacrylic acid. acrylic acid. 

Trichloroacrylic acid, m.p. 76° ; ethyl ester, b.p. 193° ; orthoethyl eater, CClj 
CC1C(0C2H5)3, b.p. 236°, from hoxachloropropylene (Ann. 297, 312). 
Tribromoacrylic acid, m.p. 117-118°. 


Butenoic Acids, C 4 H 6 O 2 

The four- carbon members of the olefinic acids comprise the two 
crotonic acids, vinylacetic acid and methacrylic acid. 

Crotonic Acids. — As already mentioned, the isomerism of the 
two crotonic acids is to be attributed to the different spatial arrange- 
ments of the groups in the two acids, the two forms being represented 
by the following formulao : 

HCCOOH HCCOOH 


II I! 

H-C-COOH COOHC-H 

Ci/f-forni Tram-foTm 

( l^Iano-symmctrical). (Axial-symmetrical). 

The assigning of spatial formulae to the isomeric olefinic acids 
presents very considerable difficulties, and the formulae originally 
ascribed to the two crotonic acids has not stood the test of recent 
experimental work, Auwers has synthesized a y}/y-trichlorocrotonic 
acid which can be smoothly converted at 0 ° into fumaric acid, which 
is known to possess the ^mri^-configuration, and by reduction into 
solid crotonic acid. As these reactions should not affect the double 
linking, it is concluded that the trichloro acid, and therefore the solid 
crotonic acid is to be represented by the configuration and iso- 
crotonic acid by the cic<?-formula (Ber. 56, 715) : 


CCI3 CH ; CH-COOH 


HCCOOH 

Fumaric acid. 

COOHC-H 


H-C-COOH 

II Solid crotonic acid. 

CHa-C-H 


The melting and boiling points of crotonic and i^ocrotonic acids 
and their halogen derivatives is given in the following table. 


TmrLs-Configuration 

Crotonic acid H-C-COOH 

II 

CHa-C-H 

a-Chlorocrotonic acid 

)S-Chlorocrotoriic acid 

y-Chlorocrotonic acid 

a-Bromocrotonic acid 

j3-Bromocrotonic acid 

(7w-Configuration 

i^oCrotonic acid H-C-COOH 

II 

H-C-CHa 

a-Chlorowocrotonic acid 

j5-Chloroi«ocrotonio acid 

a-Bromowocrotonio acid 


M.P. B.P. 

72° 180° 


99° 212° 

94° 200° 

77° — 

106° — 

96° — 


15° 75°/23mm. 


66 ° — 

69° 196° 

92° — 
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1. Ordinary or solid crotonic acid is obtained according to the general 
methods of formation (pp. 337—330) : 

(1) by the oxidation of crotonaldehyde, CIIgCH : CH-CHO (p. 2r)4) ; 

(2) by the action of alcoholic potassium hydroxide on a-bromobutyric acid 
and j3-iodobutyric acid ; 

(3) by the action of KI on ajS-dibromobutyric acid ; 

(4) by the distillation of j3-hydroxy butyric acid ; 

(5) by the hydrolysis of allyl cyanide, CHj : CHCHgCN, from allyl iodide and 
potassimn cyanide, accompanied by shift of the double linkage (Ber. 21, K. 494 : 
C. 1903, II. 657). 

(G) Crotonic acid is most readily prepared by condensing rnalonic acid 
with acetaldehyde in the presence of pyridine (see p. 543) or by heating rnalonic 
acid, CH 2 (C 02 H) 2 , with paraldehyde and acetic anhydride : the ethylidene- 
malonic acid first produced decomposes into CO 2 and crotonic acid (Ann. 218, 
147); 

(7) Finally, from isocrotonic acid, dissolved in water or carbon bisulphide, 
by the action of a trace of bromine, in sunlight. 

Crotonic acid cr 3 \stallizes in fine, woolly needles or in large plates, and dissolves 
in 12 parts water at 20". The warm aqueous solution reduces alkaline silver 
solutions with the formation of a silver mirror. Zinc and sulphuric acid, but not 
sodimn amalgam, comert it info normal butyric acid. It combines with HBr 
and H I to yield /3-bromo- and /S-iodobutyric acid, and with chlorine and bromine 
to form a^-dichloro- and aj3-dibromobutyric acids. Its methyl ester combines 
at 180" with sulphur (Ber. 28, 1G3G). 

It polymerizes under the influence of sodium ethoxido to form a-othylidene-/3- 
inethyl glutaric ester (Ber. 33, 3323). Crotonic ethyl ester, similarly treated, 
yields ^-ethoxybutyric ester (Ber. 33, 3329). When fused with potassium hy- 
droxide, crotonic acid breaks up into twm molecules of acetic acid ; nitric acid 
oxidizes it to acetic and oxalic acids, and potassium permanganate to dihydroxy - 
butyric acid (Ann. 268, 7), wliich can be resolved by means of its quinidine 
salt (C. 1904, I. 7S8, 934). Similarly to wocrotonic acid, crotonic acid is split 
up by ozone and w'ater into acetaldehyde and glyoxylic acid (p. 455). 

By the action of ultra-violet irradiation crotonic acid, and more readily 
its amide, is partially isomerized into iwcrotonic acid or its amide (Ber. 47, 
1786). 

Methyl ester, b.p. 121: chloride, b.p. 114° (Ber. 34, 191): anhydride, b.p. 
128-130"/ 19 mm., from crotonic acid and acetic anhydride, gives, with BaOj, 
crotonyl peroxidt (FH^CTi : CHCO)20o, m.p. 41° (C. 1903, I. 958): amide, m.p. 
159" (Ber. 47, 1789): anilide, m.p‘. 118°. 

oc-Chlorocrotonic acid, CH3 CH : CCl’t^02lI, is obtained when trichloro- 
butyric acid (p. 33G) is treated with /.iiic and hydrochloric acid, or zinc dust and 
water, or when dichi orobutyric acid (m.p. 63 ’) is heated with pyridine. The 
last reaction probably involves the intermediate formation of a-chloroi.socrotonic 
acid, whi^'li is then transposed by the action of the pyridine hydrochloride into 
the tmn^-chloro add (Ber. 43, 3039). 

P-Chlorocrotonic acid, (.'ll 2 'CCl : CH-COgH, is obtained in small quantities 
(together with jS-chloro/.sccrotonic acid) from acetoacetic ester by the action of 
pels and water and by the addition of HCl to tetrolic acid. With boiling alkalis 
it yields tetrolic acid (p. 3.12). Sodium amalgam converts both a- and j3-chloro- 
crotonic acids into ordinary crotonic acid. 

y-Chlorocr atonic acid, CHgCl-CH : CH-COgH, m.p. 77°; from the nitrile, 
b.p. 73°/15 mm., which is prejiared by distilling the addition product of HNC 
and epichlorhydrin with PgOg (C. 1900, 11. 37). 

a-Bromocrotonic acid, m.p. 106°, is obtained from ajS-dibromobutyric 
acid (m.p. 85°) by heating with pyridine (Bor. 43, 3042). 

p-Bromoerotoyiic acid, m.p. 95°, is obtained from tetrolic acid (p. 352). 

Dichloro- and dibromocr atonic acids, see tetrolic acid, p. 352. 

yyy-Trichlorocrotonic acid, m.p. 114°, b.p. 146°/18 mm., is formed by 
heating trichlorohydroxy butyric acid with sodium acetate and acetic anhydride 
(Ber. 46, 490) and is converted by concentrated sulphuric acid in the cold into 
furnaric acid, and by reduction into solid crotonic acid (Bor. 56, 715). 

(2) MoCrotonic acid, quartenylic acid, am-crotonic acid, allocrotonic acid, 
m.p. 15°, was first obtained from jS-chloroisocro tonic acid by means of sodium 
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amalgam, and is also formed from a-chloroi«ocro tonic acid. It is also formed by 
distilling /3-liydroxyglutaric acid under reduced pressure (C. 1898, II. 1011). 

Heated in a closed tube to 170-180”, it is converted into crotonic acid, a 
change which also partially occurs during distillation, or by the action of bromine 
on an aqueous or carbon bisulphide solution in sunlight (C. 1897, 11. 259). 
The reverse change from crotonic to ij^ocrotonic acid takes place partially under 
the influence of ultra-violet light (Ber. 47 , 1786). 

It can be separated from the solid crotonic acid by means of the greater 
solubility of its sodium salt in alcohol, or its more easily soluble quinine salt. 
(C. 1897, II. 260 : 1904, I. 167). Molted with potassium hydroxide w?ocrotonic 
acid yields only acetic acid, like the ordinary crotonic acid, into which it may 
first be changed. Sodium amalgam has no action on it. It absorbs HI, forming 
jS-iodobutyric acid (Bor. 22 , R. 741). Chlorine unites with it to form a liquid 
dichloride, C4H6CI2O2, the i«o-aj3-dichlorobutyric acid, which gives up HCl, 
changing into a-chlorocrotonic acid. KMn04 oxidizes it to a dihydroxy butyric 
acid (<7.D.) (Ann. 228 , 16). Anilide, m.p. 102”. 

a-Chloroi«ocrotonic acid is obtained by the action of sodium hydroxide on 
a/3-dichlorobutyric acid. It is the most soluble of the four chlorocro tonic acids 
(Her. 22 , K. 52). Under the action of pyridine hydrochloride, it is changed 
into chlorocrotonic acid {q.v.). 

^-ChloromocroUmic acid (with jS-chlorocrotonic acid) is produced by the action 
of PCI5 and water on acetoacetic ester, CH3(X) CH2COC2H6* very probable 

that ^-dichlorobutyric acid is formed at first, and this afterward parts with 
HCl. It is also formed by protracted healing of /3-chlorocrotonic acid. 

Sodium amalgam converts both the a- and ^-chlorocvocro tonic acids into 
liquid wfocrotonic acid (Ber. 22 , K. 52). 

a- Bromof^ocrotonic acid is produced by the action of sodium hydroxide 
on free ajS-dibromobutyric acid (Ber. 21 , H. 242). 

(3) Vinylacetic acid, CHg : CIUCH^(T)()H, b.p. 71"/13 mm., is produced 
together with glutaconic acid, liy heating ^-hydroxyglutaric acid ; also from 
^-bromoglutaric acid by the action of sodium hydroxide solution ; or by heating 
a solution of its neutral sodium sail. It- (;an further be obtained from allyl 
bromide, COg, and Mg, in ether (Ber. 36 , 2897). It is an oil, volatile in steam. 
Boiling with sodium hydroxide converts it into ordinary crotonic acid and 
/3-hydroxybutyric acid ; acids produce the ordinary crotonic acid only. Bromine 
changes it into /3y-dibromobutyric acid, which gives j8-hydroxy-y-butyrolactone 
when boiled with water, (■alcluni salt, (C4H5f)2)2Ca + HgO (Ber. 35 , 938). 

V inylacctonitrilc , allyl cyanide, dig : CH UH.^CN, b.p. 118 ’, obtained from 
allyl bromide or iodide with alkali cyanide, or from y-chlorobutyronitrile and 
pyridine (C. 1921, III. 30), yiehis solid crotonic acid on hydrolysis, accompanied 
by internal change. Bromine prodiK^es /3y-dibromobutyronitrile which, on 
saponification, yields /9y-dibroniobutyric acid ; reduction of the latter with 
zinc and alcohol gives rise to vinylacetic acid (C. 1905, I. 434). Anilide, 
m.p. 58°. 

(4) Methacrylic acid, CH2 : CMe COOH, m.]). 16”, b.p. 160-5\ Its ethyl 
est4>r was first' obtained by the act ion of I'Clg on hydroxyi^fobut yric ester, (CHg)^*- 
C(0H) (T)24 ’2H5. It can be jirepared from a-bromoi^obut yric acid by warming 
it with concentrated sodium hydroxide solution (Ann. 342 , 159). It is, however, 
best prepared by boiling r/tra- bromopyrotartaric acid (from citraconic acid and 
HBr) with water or a sodium carbonate solution : 

C5H,Br04 - C4He02 + CO., + HBr. 

It crystallizes in prisms which are readily soluble in water ; it polymerizes 
on keeping and in contact with HCl to poly tnethacry lie acid (Ber. 30 , 1227). 
Sodium amalgam easily converts it into i^obutyric acid. With HBr and HI it 
forms a-bromo- and a-iodo-v>obutyric acid, whilst bromine produces ajS-dibromo- 
wobutyric acid, whereby the above constitution is substantiated (J. pr. Chem. 
[2] 25 , 369). Fusion with potassimn hydroxide decomposes it into propionic and 
formic acids. The nitrile, b.p. 90°, is produced from acetone cyanhydrin by 
P2O5 (C. 1898, 11. 662). Anilide, m.p. 87°. 

Bromomethacrylic acid and isobronwmetlmcrylic acid, BrCH : C(CH3)COOH, 
m.ps. 64° and 66°, are produced from citra- and mr^cr-dibromopyrotartaric acid. 
They are separated from one another by means of petroleum ether . Heat 
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changes the i-so-acid into the normal form, which on further heating is decom- 
posed into HBr, CO 2 , and allene (p. 114) (Ann. 343, 163). 

The characterization of the four butenoic acids can be effected through their 
anilides, CgHg-CO'NHCeHg, which are obtained by treating the acids with 
PCI5, aniline, and sodium hydroxide (Ber. 38, 254) : 

Crotonic anilide, m.p. 118" ; vinylacetic ajiUide, m.p. 58" ; isocrotomc anilide, 
m.p. 102° ; methacrylic anilide, m.p. 87°. 

Pcntenoic Acids, C4H7-C02H 

Of the isomers of this formula, angelic or ajS-dimethylacrylic acid is the most 
important. It bears the same relation to tiglic acid as crotonic does to iao- 
crotonic acid (p. 343). 

Angelic acid = (Spatial configuration, Ber. 56, 723), 

m.p. 45", b.p. 185", exists free along with valeric and acetic acids in the roots of 
Atifjelica archangclica, and as butyl and amyl esters, together with tiglic amyl 
ester, in Roman oil of cumin, the oil of Antlicmis nohilis. 

Angelic acid congeals, when well cooled, and may bo thus separated from 
liquid valeric acid by pressure. Angelic and tiglic acids can bo separated by 
means of the calcium salts, that of the first being very readily soluble in cold 
water (Ber. 17, 2261 : Ann. 283, 105). 

When angelic acid is boiled for twenty hours with sodium hydroxide, two- 
thirds of it is converted into tiglic acid. Heating with water at 120° will change 
over one-half of it to tiglic acid (Ann. 283, 108). When pure angelic acid is 
heated to boiling for hours it is completely changed to tiglic acid. The same 
occurs by the action of concentrated sulphuric acid at 100°. It dissolves without 
difficulty in hot water, and volatilizes readily in steam. 

Ethyl ester, b.p. 141°. 

Tiglic acid, oL-m.ethylcrotonic acid, m.f). 64-5°, b.p. 198° 

present in Roman oil of cumin (see above), and in croton oil (from Croton tiglium), 
which is a mixture of glycerol esters of various fatty and oleic acids. It can 
be prepared from a-hydroxy-a-methylbutyric acid, C 2 H 5 -CMo(OH)‘C 02 H, by 
the abstraction of water. Together with angelic acid it is obtained from hydroxy- 
pivalic acid, HO CH 2 C‘(CH 3 ) 2 COOH, by an internal change accompanied by the 
loss of water, according to mode of formation 5 (p. 337). Also from acetaldehyde 
and propionic acid, by mode of formation 10 (p. 338). It is converted by 
bromine into two dibromides (Ann. 250, 240 : 259, 1 : 272, 1 : 273, 127 : 
274, 99). For their constitution, compare Bor. 24, R. 668. Ethyl ester, b.p. 152°. 

The three possible acids, C 4 H 7 COaH, with normal structuro are also known 
(Fittig, Ann. 283, 47 : Ber. 27, 2658). 

Propjdideneacetic acid, A^-'pentenoic acid, CH 3 -CH 2 -CH : CH COjH, m.p. 
10°, b.p. 201°, is formed, together with y-hydroxy valeric acid, on boiling ethyli- 
deneprop ionic acid with sodium hydroxide ; as well as from malonic acid, pro- 
pionic aldehyde and acetic anhydride, together with J^-pentenoic acid ; dibrom- 
ide, m.p. 56°. 

Ethylidenepropionic acid, A^-pcntenoic acid, CHgCH : CH CH 2 CO 2 H, b.p. 
194°, is best prepared by the distillation of methylparaconic acid (Ber. 37, 
1997). It is also produced by the reduction of vinylacrylic acid (p. 353) by 
sodium amalgam (Ber. 35, 2320) ; dibromide, m.p. 65°. 

a-Ethylacrylic acid, CH 2 = C(C 2 H 5 )COOH, m.p. 45°, b.p. 180°, is obtained 
from a-bromo-a-ethylsuccinic acid. On warming with concentrated sulphuric 
acid it is partially changed to tiglic acid, partially into CO and methyl ethyl 
ketone, CHs-CO-CaHg (C. 1905, I. 591). Sulphuric acid produces similar decom- 
positions and changes in the homologous a-alkylacrylic acids (C. 1905, II. 612). 

)3)3-Dimethylacrylic acid, (CH 3 ) 2 C : CH-C02H, m.p. 70°, is obtained (1) 
from /3-hydroxy-i«ovaleric acid by distillation ; (2) from acetone and malonic 
acid by means of acetic anhydride (Bor. 27, 1574) ; (3) from its ester, produced 
when a-bromoi«ovaleric acid ester is heated with diethylaniline (Ann. 280, 252) ; 
(4) from mesityl oxide by the breaking-down action of sodium hypochlorite ; 

NaClO 

> (CH,)2C ; CHCOOH + CHCl,. 


(CH,),C : COCHa 
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(C. 1905, II. 614.) The ethyl ester and HNO 3 yield two isomeric mononitro 
compounds. See Ber. 29, R. 956 for its derivatives. 

Allylacetic acid, Ay-pent^moic acid, CH^ : CH CH 2 -CH 2 -C 02 H, b.p. 187”, is 
obtained on heating allylmalonic acid. 


Hexenoic Acids, CgHioOg 

Hydrosorbic acid, Propylidcnc propionic acid, A^-H excnoic acid, CH 3 -CH 2 *- 
CH : CH-CHg-COgH, b.p. 208”, is obtained from ethylparaconic acid, CHa-CHg*- 

'' ' I 

CH'CH(C02H)CH2C00, according to method 13 (p. 339) ; hence it is probably 
a jSy-unsaturated acid. It is the first reduction product of sorbic acid, CHgCH 
CH-CH : CH-COgH, the two hydrogen atoms attaching themselves in accord with 
Thiele’s rule in the aS-position at each end of the conjugated system, with for- 
mation of a new jSy-double bond. When hydrosorbic acid is heated with sodium 
hydroxide, the isomeric t^ohydrosorbic acid is produced with shift of the double 
bond. 

woHydrosorblc acid, A^-Hcxenoic acid, CH 3 (CH 2 ) 2 CH : CH-COOH, m.p. 
33”, b.p. 216°, is also obtained, together with a little of the J^-acid by heating 
a-bromocaproic ester with quinoline (Ber. 24, 83 : 27, 1998). When its bromine 
addition product is boiled with water, hydroxy -caprolac tone and homolaevulinic 
acid result (Ann. 268, 09). 

JT^-Hexenoic acid, CHgCH : CH-CH 2 COOH, m.p. 0°, b.p. 206° (see mode of 
formation 13, p. 339). Permanganate breaks it down into acetic acid and 
succinic acid (Ber. 37, 1999). 

J®-Hexenoic acid, CHj : CHCHjCH^CHjCOOH, b.p. 203°, is formed, to- 
gother with the y 8-acid, from a-hydroxy-a-methyladipic acid by the action 
of heat ; also from €-aminocaproic acid by means of nitrous acid (Ber. 37, 
1999). 

Vinyldimethylacetic acid, CHg : CH C(CH 3 ) 2 COOH, b.p. 185°. Its ester is 
obtained from aa^-trimethylhydracryhc ester by PgOg. Tlie acid is oxidized 
by permanganate to dimethylmalonic acid, (CH 3 ) 2 C(COOH) 2 . Analogously 
many homologous alhcnyulimethylacetic acids can be obtained (L^ 1906, II. 317, 
1116). Their dibromidos are partially decomposed by alkalis in an abnormal 
manner. 

A^-isoHemenoic 2 icid, ^-moPropylacryVic acid, (CH 3 ) 2 CH*CH : CHCOOH, b.p. 
212°, from /3-hydroxycaproic acid or a-bromoiwcaproic ester (Ber. 29, R. 667 : 
C. 1899, I. 1157). 

/3-Methyl- J^-pentenoic acid, CHg-CH : CMe CH 2 -COOH, b.p. 199°, is 
obtained according to method 13 (p. 339). 

/3-Methyl- J“-pentenoic acid, CHg CHa'CMo ; CH COOH, m.p. 46°, b.p. 
207° (Bor. 42, 4707). 

Ethylcrotonic acid, CHg CH : C(C 2 H 5 )COOH, m.p. 40°, and ethyl?5o- 
crotonic acid, b.p. 200°, are obtained together on the distillation of diothyl- 
glycollic acid, (C 2 ll 6 ) 2 C(OH)'COOH. The first is a sublimable solid, the second 
a liquid. The latter is converted into the solid acid when lieated under pressure 
to 200° (Ann, 334, 105). The calcium salt of the iso-acid is less soluble in hot 
water than in cold. 

Pyroterebic acid, (CH 3 ) 2 C : CH CHa COgH, and teracrylic acid, C 3 H 7 - 
CH : CH-CHa-COgH, b.p. 218° (Ann. 208, 37, 39), belong to the acids CgHioOg 
and C 7 H 12 O 2 . They deserve notice because of their genetic connection with two 
oxidation products of turpentine oil — terebic acid and terpenylic acid — which 
will be considered in Vol. II. Pyroterebic acid is changed by protracted boiling or 
by HBr to the isomeric wocaprolactone : 


(CH3)2CCHg-CHaCOO. 

Teracrylic acid is converted by HBr into the isomeric heptolactone : 

C,H, CH-CH, -CH, -coo. 



348 


ORGANIC CHEMISTRY 


Higher Unsaturated Acids 


Nonenoic acid, CH 3 (CH 2 ) 6 CH : CH-COOH, b.p. 144°/13 mm. from (onanthal 
according to luctliods 10 and 12 (J.C.S. 97, 299). 

J^-Decenoic acid, CH 3 (CH 2 ) 6 CH : CH-COOH, is obtained from boxy 
paraconic acid according to method 13. J^-Decenoic acid, CHg : CH[CH 2 ] 7 - 
COOH, b.p. 142 /4 mm., occurs in small amount in butter (Ber. 55, 2197). 

J'-Undecenoic acid, CH2--CH(CH2)8C02H, m.p. 24-5°, b.p. 165°/ir) mm., 
is produced, together with oenanthol (p. 238) (C. 1901, I. 612) by distilling castor 
oil under roduc*ed pressure. It yields sebacic acid, (CH 2 )h(C 02 H )2 (^.v.), on 
oxidation (Ber. 19, B.. 338 : 19, 2224). Chloride^ b.p. 128‘^/14 mm. ; anhydride^ 
m.p. 13°, b.p. ITO^^/ll mm. ; nitrile^ b.p. 130°/14 mm. (Ber. 33, 3580) ; ainidcy 
m.p. 85' (Ber. 31, 2349). When its dihromidcy m.p. 38'', is incompletely decom- 
posed by alcoholic potassium hydroxide, dehydro-imderylcmic acuh CH==C[CH 2 ]«- 
COgH, m.p. 43 ', is obtained, which, fused at 180'" with potassium hydroxide, 
changes to undvcolic acid, CHg-C : C[CH 2 ] 7 C()«H, m.p. 59" (Ber. 29, 2232). 

j3£.Dodecenoic acid, CH 3 -[CH 2 ]h CH : CH-COOH, m.p. 13-14'', b.p. 186- 
189"/ 12 mm., is obtained by method 2 (p. 337) (J.C.S. 1931, 2046). 

To ascertain the point of the doubly linked carbon atoms in the higher olefine 
monocarboxylic acids, the latter may be converted into their corresponding 
acetylene monocarboxylic acids (p. 350), which, in turn, are oxidized and split 
open at the point of triple carbon union ; or they are changed to ketonecar boxy lie 
acids, and these are then broken down. Thus, oleic acid yields sicarollc acid, 
which may be oxidized to azcJaic acid, C 7 H j 4 (C 02 H) 2 , and jKlargonic acid, 
CpHj 7 COoH. This would mean that in stearolic acid the carbon atoms 9 and 10 
are united by three bonds, and that they are the atoms which in oleic acid are in 
double union. This conclusion is confinmHl by the conversion of stearolic acid, 
by means of <‘oiu‘entrated sulphuric acid, into kctostcaric acid, whose oxime 
undergoes the Beckmann, rearrangement at 400*', as the result of the action of 
concentrated sulphuric acid. Two acid amides result, which are decomposed by 
fuming hydrochloric acid, the one into octylamine and sebacic acid, the other 
into pelargonic acid and (y-arninononoic acid (Ber. 27, 172) : 


Oleic acid. 


Stearolic acid. 


Ketoxime- 
Btearic acid. 


C8H17CH : CHLCHgLCOaH CsHi7CHBr-CHBr[CH2]7CX)2H 


CiHi,C =C[CHJ,COsll 

Kctostcaric acid. 



Cc H uN OH)[CHj]8C()jH 


C«H„NHC0[CHJ„C02lI C8Hi,CONH[CH,l„COjH 

I f 

(\H,7NH2 f [(JH2]«(C02H)2 ChH, 7C02H d- NH2[CH2 ]sC()3H 

Octylamine. Sebacic acid. I'clarffonic acid. 6^-Aminononoic acid. 

The constitution of hypogacic and erucic acids has been determined in the 
same manner. 

The constitution of stearolic acid still remained doubtful, however, since 
ketostearic acid, C 4 f,Hi,CO[CHolHCOOH, could also be formed from an acid of 
the formula ^ 5 C C[CH 2 Jsf 'OOH. However, the assumed (;onstitut ion of oleic 

acid is substantiated by boiling its ozonide with water, whereby the decom- 
position products, nonyl aldehyde and azelaic aldehyde acid, were obtained 
together with their oxidation products, pelargonic acid and azelaic acid (Ber. 39, 
3732) : 


C8H17CH— CH[CH2]7C00H CbH, 7 CHO 4 - OCH[CHa] 7 COOH 


The method referred to previously, of oxidizing the esters of the acids with 
permanganate in acetone or acetic acid solution is also of great value in deter- 
mining the position of the double bond (see p. 341). 
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Palmitoleic acid (Zoomaric acid), CH JOHJ.CH : CH[CH,],COOH, occurs 
in whale oil (J.S.C.I. 44 , 180t). 

Hypogaeic acid, CH3[C11,1,C1I : OllfCliJ^CO,!!, m.p. 33^ b.p. 23G /15 mm, 
found as glycerol ester in earthnut oil (from the fruit of Arachls hypogwa), crys- 
tallizes in needles. It results when stearolic acid is fused with KOH at 200° 
(Ber. 27 , 3397). 

Oleic acid, ® > b.p. 

223°/10 mni., occurs as glycerol ester {triolein) in nearly all fats, 
especially in the oils, as olive oil, almond oil, cod-liver oil, etc. It is 
obtained in large quantities as a by-product in the manufacture of 
stearic acid (p. 306). Synthesis, see J.C.S. 127, 175. 

In preparing oleic acid, olive or almond oil is saponified with 
potassium hydroxide and the aqueous solution of the potassium salts 
precipitated with lead acetate. The lead salts which separate are 
dried and extracted with ether, when lead oleate dissolves, leaving 
as insoluble the lead salts of all other fatty acids. The ethereal solu- 
tion is mixed with hydrochloric acid, the lead chloride is filtered off, 
and the liquid is concentrated. The acid obtained in this way may 
be fractionated by distillation under greatly diminished pressure. 

Oleic acid in a pure condition is odourless, and does not redden 
litmus. On exposure to the air it oxidizes, becomes yellow, and 
a(^quij'es a rancid odour. Nitric acid oxidizes it with formation of 
all the lower fatty acids from capric to acetic, and at the same time 
dibasic adds, like sebacic acid, are produced. A permanganate solu- 
tion (J.S.Chl. 44, 43t) oxidizes it with the formation of pelargonie 
acid (p. 306) and azelaic acid (p. 562) : by oxidation, two stercoiso- 
meric dihydroxjf dearie aeids^ m.])p. 95" and KK)"" are formed (J.C.S. 
1926, 1828. Stereochemical relationships of tlicse two acids, see 
Annual itejiorts, 1926, 23, 99 : 1927, 24, 86 : 1928, 25, 83). When 
oleic acid is heated with ])ot.assium hydroxide at 220", a migration 
of the double bond to the a/>- position, followed by loss of two carbon 
atoms and the formation of jialmitic acid takes place (C. 1915, I. 
934). Attempts to assign space -formulae to oleic and elaidic acids, 
see Rec. Trav. ('him. 45, 914. 

It unites with bromine to form liquid dibroniostearic acid, 
Cit^HaiBroOo, whicli is converted by alcoholic KOH into ntonobroino- 
oleic acid, CiwHaaBrOo, and then into stearolic acid (p. 352). Reduc- 
tion by hydiogcn and finely-divided nickel (C. 1903, I. 1199), or by 
electi'olytic methods (C. 1905, II. 305) converts oleic acid into stearic 
acid. 

Oleic anhydride, m.p. 22° (Bor. 57, 99) ; chloride, b.p. 213°/13 rnm. (Bor. 33, 
3584). 

Elaidic acid, m.p. 51°, b.p. 225 /10 mm., 

results from the action of nitrous acid on oleic acid. It is also obtained 
when oleic acid is heated with water and sulphur at 180" (Ber. 62, 
2712). Oxidation with alkaline permanganate produces a dihydroxy- 
dearie acid, m.p. 99"" (C. 1899, I. 1068). 

Bromide, m.p. 27°. Chloride, b.p. 216°/13 mm. Anhydride, m.p. 50°. 
NitrUe, b.p. 214V10 mm. (Ber. 33, 3582). Amide, m.p. 90° (C. 1899, I. 1070). 

Oleic and elaidic acids, when reduced with hydriodic acid or with 
hydrogen in the presence of finely-divided nickel, both yield stearic 
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acid, this showing the presence of a straight chain of 18 carbon 
atoms in each. The position of the double bond in the two acids 
is the same as is shown by the formation of the same oxidation prod- 
ucts, pelargonic and azelaic acids, when the two former acids are 
treated with ozone or permanganate (Ann. 343, 354 : C. 1898, II. 
629). Oleic and elaidic acids are therefore to be regarded as stereo- 
isomers, bearing the same relationship to each other as crotonic to 
isocrotonic acid. 


iso-Oleic acid, Ci 8 H 840 2 , m.p. 44-45°, is obtai ned from thoHI-additi on prod- 
uct of oloic acid — iodostearic acid — by treatment with alcoholic potassium 
hydroxide ; or from hydroxystearic acid, formed from oleic acid by the action 
of concentrated sulphuric acid, by distillation under reduced pressure (Ber. 21 , 
K. 398 : 21 , 1878 : 27 , R. 576). By the breakdown of the N 2 O 4 addition prod- 
uct with concentrated hydrochloric acid, caprylic and sebacic acids are formed, 
pointing to the constitution CHglCHgleCH : CH[CH 2 ] 8 COOH for wooleic acid 
(J. pr. Chem. [2], 86 , 539 : cf. Bull. Soc. Chim. [4] 39, 230). 

-Oleic acid, CH 3 [CH 2 ]i 4 CH:CHCOOH, m.p. 59° is prepared from a-iodo- 
stearic acid and alcoholic potassium hydroxide. Potassium permanganate pro- 
duces OLp-dihydroxysiearic acid^ m.p. 126°, and subsequently palmitic acid (C. 
1906, I. 819). 

Petroselinic acid, CH 8 [CH 2 ]ioCH : CH[CH 2 ] 6 COOH, m.p. 34°, occurs as 
glyceride in the seed of Sheep’s Parsley {Petrosdinum sativum) and gives on 
oxidation lauric and adipic acids (Ber. 42 , 1638 : J.S.C.I. 46 , 174 : Hec. Trav. 
Chim. 46 , 492). 

Rapic acid, C 18 H 34 O 2 , occurs as glyceride in rape oil (Bor. 29, R. 673). 

Erucic and brassidic acids. 


HC-CaH22COOH 

II 

H-CCgHi, 

Erucic acid. 


HCCiiHgjCOOH 

II 

Brassidic acid. 


(Space formulae, see Gazzetta, 45 , II. 208: Rec. Trav. Chim. 45 , 914.) 

Erucic acid^ m.p. 33-34°, b.p. 254-5°/10 mm., occurs as its glyceride in rape- 
seed oil {Brassica campestris)^ in the fatty oil of mustard seed, and in grape-seed 
oil. By oxidation, erucic acid yields nonylic acid and brassylic acid (Ber. 24 , 
4120: 25 , 961, 2667: 26 , 639, 838, 1867: R. 795, 811). 

On catalytic reduction m presence of nickel, it yields behonic acid (Monatsh. 
34 , 1126). Anhydride, m.p. 47-50° (C. 1899, I. 1070). 

Brassidic acid, m.p. 66 °, b.p. z56°/10 mm., is prepared from erucic acid by the 
action of nitrous acid (Ber. 19 , 3320) and bears the same relation to it as elaidic 
does to oleic acid. Its anhydride, m.p. 64°, is obtained from erucic anhydride 
anfl nitrous acid. 

i^oErucic acid, m.p. 55-57°, appears to bo an inseparable mixture of 
and J^'-docoseneca^boxylic acids (J.C.S. 1927 , 371). 

Cetoleic acid, CH 3 [CH 2 ] 9 CH : ClI[CH 2 ] 9 COOH, is an isomer of erucic acid 
which occurs in many marine animal oils (Toyama, J.S.C.I. Japan. 30, 597 : 
Brit. Chem. Abst. 1928 , A, 154). 


UNSATURATED ACIDS, CnHjn-aCOiH 

The acids of this series contain either a trebly linked pair of car- 
bon atoms, or two doubly linked pairs of carbon atoms, and are, 
therefore, distinguished as acetylene mmiocarboxylic acids (propiolic 
acid series) and diolefine 7nonocarboxylic acids, 

C. ACETYLENE CARBOXYLIC ACIDS 

Methods of Formation. — (la) By the action of alcoholic potassium 
hydroxide on the brom-addition products of the oleic acids, and {b) 
the monohalogen substitution products of the oleic acids. This is 
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similar to the formation of the acetylenes from the dihalogen sub- 
stitution products of the paraffins and the monohalogen substitution 
products of the olefines. 

(2) From the sodium derivatives of the mono-alkylacetylenes by 
the action of CO 2 : 

CH3C=CNa + CO 2 = CHaC^CCOgNa. 

The acetylene magnesium halides (pp. Ill, 112) can be used instead 
of the sodium derivatives (C. 1909, II. 182). 

(3) Their nitriles are obtained from acetylene magnesium halides 
and cyanogen chloride (Bull. Soc. Chim. [4] 17, 228). 

The acetylenic acids, like the acetylenes, are capable of combining 
with 2 or 4 monovalent atoms. 

The addition of the constituents of water at the treble bond converts those 
substances into koto -acids. Like the jS-keto-acids {q.v.) the ocjS-acetylene car- 
boxyhc acids (alkylpropiolic acids) lose COg on heating and boconio converted into 
acetylenes. Boiling with aqueous alkalis produces intemiediato jS-keto-acids, 
which break up into ketones and alkali carbonates (comp. C. 1903, II. 487, 
etc.). 

Ammonia converts alkyl propiolic esters into amides^ which give up water 
to phosphoric anhydride, forming nitriles. Primary and secondary amines 
when added on to the molecule form ^-ainino-acrylic acids ; hydrazines form 
pyrazolones^ diazoacotic ester forms pyrazolecarboxylic esters and azoimide 
osotriazolecarboxylic esters (see Vol. II). 

A solution of sodium alcoholate or alcoholic potassium hydroxide, acting on 
esters or nitriles, produce derivatives of ^-alTcoxyacrylic acids or acetalcarboxylio 
acid, RC(0C2H6) : CHCOOH and RC(OC 2 H 3)2 CH 2 COOH (C. 1904, I. 659, 
1906, I. 651, 912, 1095: 1907, I. 25, 738). 

Propiolic acid, Propargyllc acid [Propyiie-acid], CH : C-C02H, m.p. 9°, b.p. 
52°/18 mm. The potassium salty C 8 HO 2 K + H 2 O, is produced from the primary 
potassium salt of acetylene dicarboxylic acid, when its aqueous solution is heated ; 
by loss of CO 2 : 

CCO 2 H CH 

III = III + CO,. 

CCO,K CCOjK 

It is m(.)re conveniently prepared by the action of carbon dioxide on sodium 
acctylide (Ber. 59, 1681 : D.R.P. 411, 107). 

The aqueous solution of the salt is precipitated by ammoiiiacal silver and 
cuprous chloride solutions, with formation of explosive metallic derivatives. By 
prolonged boiling with water the potassium salt is decomposed into acetylene 
and potassium carbonate. 

Free propiolic acid, liberated from the potassium salt, is a liquid with an 
odour resembling that of glacial acetic acid. It dissolves readily in water, 
alcohol, and ether, and reduces silver and platinmn salts. Exposed to sunlight 
out of contact with the air it polymerizes to triraesic acid : 

3C2H-C02H = CeH3(C02H)3. 

Sodium amalgam converts it into propionic acid. It forms j3-halogenacrylic 
acids with the halogen acids (p. 342) (Ber. 19 , 543), and with the halogens yields 
ajS- dihalogen -aery lie acids. 

Ethyl ester y b.p. 119°. With ammoniacal cuprous chloride it unites to a 
stable yellow-coloured compomid. Zinc and sulphuric acid reduce it to ethyl 
propargyl ether (p. 158) (Bor. 18 , 2271). Amidcy m.p. 01°, yields on distillation 
with phosphorus pentoxide the nitrile (cyanoacetylene), CH i C-CN, m.p. 5°, b.p. 
42*5° (Compt. rend. 151 , 946). 

Halogen Derivatives of Propiolic Acid. — Chloropropiolic acidy CC1 = 
C-COgH, is produced from dichloroacrylic acid (p. 342), and bromopropiolic 
acid, CgErHOg, from mucobromic acid. lodopropiolic acidy m.p. 140°, is obtained 
by saponifying its ethyl ester, m.p. 08°, which may be prepared from the Cu 
compound of propiolic ester by the action of iodine. 
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The three acids decompose readily into carbon dioxide and spontaneously 
inflammable chloroacetylene, CCl^CH, bromoacetylene and iodoacetylene. 
The addition of halogen acids leads to j3j3-dihalogon acrylic acids, whilst the 
halogens give rise to trihalogen acrylic acids. 

Homologous Acetylenic Acids. — Carbon dioxide converts the sodium 
compounds of the corresponding alkylacotylones into the homologues of propiolic 
acid (Ber. 12 , 853 : J. pr. Chem. [2] 37, 417 : Ber. 33, 3586) : the same result 
is obtained with chlorocarbonic esters (C. 1901, I. 1148 : 1903, 1. 824 : 11. 487) : 

BC=CNa 4 - CICOAHb > lU^^CCO,CJI, -f NaCl. 


Tetrolic acid, Methylacetylenecar- 
boxylic acid 

. . CHaCr C CO 2 H 

M.1‘. 

76° 

B.P. 

203° 

Ethylacetylenecarboxylic acid 

CH 3 CH.,C^CC() 2 H 

80° 

— 

?i-Propylacetylenecarboxylic acid 

CHa-CH-yCHo C r C CO 2 H 

27° 

125° 

i,soPropy lacety lenec arboxy lie ac id 

. . (Cn 3 ) 2 CHC-CC 02 H 

38° 

(20 mm.) 
107° 

?i-Butylacetylenecarboxylic acid 

. CHa-fCH.,EC ^C CO^>H liquid 

(20 mm.) 
136° 

/crh-B utylacetylenecarboxylic acid 

. (CH 3 ) 300^000211 

48° 

(20 mm.) 
110 ° 

Amylpropiolic acid 

. . O 3 H 11 O -^000211 

5° 

(10 mm.) 
149° 

Hexylpropiolic acid .... 

. . 0 «H ,30 -O OO 2 H 

- 10 

(20 mm.) 
° 155° 

Heptylpropiolic acid .... 

. . 07 Hi 30 -r= 0 - 002 H 

6 - 10 ° 

(18 mm.) 
166° 

Nonylpropiolic acid .... 

. . Cell^sO- O-OOoH 

30° 

(20 mm.) 

Tetradocylpropiolic acid . . . . 

. cu,[CH,,u,c^ca)ji 

44° 

— 


Tetrolic acid has been the most thoroughly inv'cstigated, and is obtained 
from j3-chlorociotoni(; acid and jS-chioroisocroUnuc acid when these are boiled 
with potassium hydroxide (Ann. 345 , 103). At 210“* the acid deconiposes into 
CO2 and allylene, C3H4 (Ber. 27 , R. 751). Botassiinn permanganate oxidizes 
it to acetic and oxalic acids. It combines with HCl and HBr, forming /3-chloro- 
crotonic acid and ^-broinocrotonio acid (Bor. 22 , R. 51 : 21 , R. 243). With 
bromine, in sunliglit, it yiekls dibromocr atonic add, m.p. 120"^, whereas in the 
dark the halogen produces the isomeric dihromocrotonir acid, m.p. 94° (Bor. 28 , 
1877 : 34 , 4216). aa^-Trichlorobut>iic acid (p. 336), upon the lo.ss of HCl, 
yields two dicidorocr atonic acids, m.p. 75° and 92 ’ (Bei*. 28 , 2665). These two 
acids are also produced when chlorine acts on tetrolic; acad. 

Tctralir aUyl ester, b.p. 164°, forms the antide, m.p. 148°, with ammonia, 
togc Lher with )3-aminocrotonic ester. An aqueous solution of the amide, when 
heated with mercuric chloride, becomes hydrated, forming acetoacetic amide : 

CHgC^i-CCONHa CH3CO CH2CONH2, 

Phenylhydrazine forii is with tetrolic ester, phony Imethylpyrazolono ; diazoacetic 
ester produces a pyrazole derivative (Ann. 345, 100). 

Several higher homologues of propiolic acid have been prepared by the action 
of alcoholic potassium hydroxide on the brum -addition products of the higher 
olefine monocarboxylic acids. 

Undecolic acid, CH3C i C[CH2]7C02H, m.p. 59°, is obtained from undecenoic 
acid (p. 348). By oxidation, azelaic acid is formed (Bt;r. 33, 3571). Isomeric 
with it is dehydro -undecy Ionic acid (p. 348). 

Stearolic acid, i C[CH.J7C02H, m.p. 48° (constitution, see p. 348), 

is obtained from oleic and elaidic acids. 

Behenolic acid, C22H40O2, rn.j). 57-5° (constitution, see p. 348), from the 
bromides of erucic and brassidic acids (Ber. 24 , 4116: 26 , 640, 1867). On warm- 
ing the last two acids with fuming nitric acid they yield the monobasic acids : 
atcaroxylk, or d i-diketostcaric acid, CH3[CH2J7C0-C0[CH2]7C02H, m.p. 86°, and 
bekeiioxylic, or yv-diketabehcnic acid, CH8[CH2]7CO-CO*[0H2]iiCO2H, m.p. 96° 
(Ber. 28 , 276). 
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Sulphuric acid converts stearolic acid into kotostearic acid, and behenolic 
acid into ketobrassidic acid (Bor. 26, 1867). (Oxidation, comp. Emcic and Bras- 
sidic acids, p. 850.) 

Taririnic acid, CH3[CH2]ioC i C[CH2]4COOH, m.p. 50-5“, occurs as glyceride 
as a principal ingredient in the fat of Picraynnia spp. or Tariri (Bor. 27, R. 20 : 
C. 1902, I. 1155). 


D. DIOLEFINE CARBOXYLIC ACIDS 

Zl°^Y-Diolefinecarboxylic acids are obtained by the two following 
genei*al methods : 

(1) By the condensation of a/l-olefine aldehydes with malonic acid, 
by means of pyridine (Ber. 35, 1143). 

CHg : CH CHO + CH2(COOH)2 CH2 : CH CH : CHCOOH + HgO + CO2. 

(2) By the condensation of olefinealdehydes or ketones by means 
of lialogen fatty acid esters and zinc, and subsequently splitting off 
water from the hydroxy olefine carboxylic esters thus formed, by 
heating with alkalis (Ber. 35, 3633 : 36, 15 : C. 1903, II. 555) : 

('H3CH : CH-CHO + BrZnCH2C02K CH3CH : CH-CH(OH)CH3COOR 

CH3CII : CH CH : CH-COOH. 

The lower members of this series polymerize in the warm very 
easily. When the acids are heated with barium hydroxide, there are 
formed, not the butadienes coi*responding to the acids, but cyclic di- 
and trimolecular polymers, whose constitution is not quite clear (Ber. 
35, 2119 : 49, 146). 

Butadienecarboxylic acid, CHo : CH CH : CHCO2H, m.p. 102°, is formed, 
logether with othylideno propionic acid (p. 346), by the reduction of ptrchloro- 
butadiene carboxylic acidy CClg : CCl-CCl : CChCOgH, m.p. 97°, and perchlorobutine- 
carboxylic acid, CClg-C • C'CClg-COgH, m.p. 127°. These are products of decom- 
position resulting from the two hexachlorocyc^opentenones (Vol. II) on treatment 
with alkali (Ber. 28, 1644). 

)3-Vinylacrylic acid, CH2 : CH-CH : CHCOOH, m.p. 80°, is produced by 
condensing malonic acid and acrolein in the presence of pyridine, and boiling 
the resulting product with water. Reduction by sodium amalgam brings about 
addition at the aS-carbon atoms (p. 28), forming jSy-pentenoic acid (p. 346). 
Oxidation with permanganate converts it into racemic acid (Ber. 35, 1136). 
The methyl ester forms the product methyl d'^-pentene-ocac-tricarboxylate with 
methyl sodiomalonate, addition of the malonic ester also taking place solely 
in the aS-position (J.A.C.S. 48, 1036 : J.C.S. 1927, 1060). 

Butadienecarboxylic acid (m.p. 102°) and vinylacrylic acid (m.p, 80°) are 
probably ci6--^m7i5-isomors. 

Sorbic acid, CHgCH : CH CH : CH COOH, m.p. 134*5°, b.p. 228°, is ob- 
tained, together with malic acid, from the oil in the imripe juice of the berries 
of mountain ash {Sorbus aucuparia) (1859, A. W, Hofmamiy Ann. 110, 129). 
It exists there in the form of a lactone, the so-called parasorbic acid {q.v.)y which 
is boiled with sodium hydroxide or hydi'oehioric acid (Ber. 21 y 351). Synthetic- 
ally, it is prepared from crotonaldehyde or aldol and malonic acid with pyridine 
(Ber. 33, 2140 : Ann. 361, 89), also from )3-hydroxy-yS-hexenoic acid, by boiling 
it with a 20% barium hydroxide solution (Ber. 35, 3636). Oxidation by K]Vln04 
produces acetaldehyde and racemic acid {q.v.)y a reaction which reveals the 
structure of sorbic acid (Ber. 23, 2377 : 24, 85) : 

CH3CH : CH CH : CH COOH + H2O + 40 = CHgCHO + COOH(CHOH)2COOH. 

Sorbic acid. llacemic acid. 

Sodium amalgam converts it into hydrosorbic acid (p. 347). 

Addition of malonic ester to sorbic ester also takes place in the aS-position, 
VOL. I. A A 
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methyl jS-methyl-J'^-pent-ene-aac-trioarboxylate being formed (J.A.C.S. 48 , 
1030: J.C.S. 1927, 10(i0). 

Heated itli ammonia, sorbic acid yields a diaminocaproic acid ; hydroxyl- 
amine brings about a peculiar reaction resulting in acetylacetono dioximo (p. 408) 
(Ber. 37 , 331(5). Sorbic ethyl ester^ b.p. 

a-Methylsorbic acid, m.p. 91“, a-ethylsorbic acid, b.p. 76'’, and /3S-di- 
methylsorbic acid, m.p. 93“, are obtained by method 2 (above). 

ye -Dimethyl sorbic acid, b.p. 165°/20 mm., is ])repared according to method 
1 (p. 3r)3) from a-methyl-/^-ethyl acrolein and malonic acid. 

Diallylacetic acid, '(CHa : (jH-CH 2 ).,CH-C 02 H, b.p. 227", is obtained from 
ethyl diallylacetoacetate or diallybnalonic acid. Nitric acid oxidizes it to 
tricarballylic acid, (C 02 H-CH 2 ) 2 CHC 0 . 2 H. 

Geranic acid, Me.C : CH[CH 2]2 CMe : CH COOH, b.p. 153711 mm., really 
belongs to this series, but on accoimt of its importance in terpene chemistry, 
will be discussed with the terpenes in Vol. II. 

Linoleic acid, Linolic acid, O 1 HH 32 O 2 , CH 3 [CH 2 ] 2 CH : CH[CH 2 ] 2 *CH 
CH[CH 2 ] 7 C 00 H (?), m.p. - 9^ b.p. 228714 mm. (Bor. 58, 1068), occurs as 
glyceride in the drying oils, which oxidize in the air, becoming covered with 
a skin and finally solidifying. This oxidation is markedly accelerated by the 
presence of various compounds such as manganese salts, used as driers in the 
paint and varnish industry. Examples of drying oils are linseed oil, hemp oil, 
poppy oil and nut oil. The non-drying oils such as rape oil contain oleic glycerides. 

Linoleic acid forms a Uirabro^nidc, m.p. 115", and by gentle oxidation with 
permanganate, a tetrahydroxystearic acid, sativic acid, m.p. 172" (C. 1909, II. 
1984). 

Ricinoleic acid can be conveniently treated here, although it is really an 
unsaturated hydroxy-acid. Kicinoleic acid, C 18 H 34 O 3 = CH 3 [CH 2 ] 5 'CHOH-Cll 2 ’ 
CH : CH(CH 2 ) 7 C 02 H, [a]^ + 0-67" (Ber. 27, 3471 : Rec. Trav. Chim. 38, 375) 

is present in castor oil in the form of a glyceride, [a]i> — -\- 3". The lead salt 
is soluble in ether. Subjected to dry distillation, ricinoleic acid splits into 
oenanthol, C,Hi 40 , and undecylenic acid, ^ 11 ^ 20 ^ 2 * 

Fused with potassium hydroxide, it changes to sebacic acid, C 8 Hi 6 (C 02 H) 2 , 
and ^ec. -octyl alcohol, CgHisCHOH-CHs. It combines with bromine to form 
a solid dibrornide. When heated with HI (iodine and phosphorus), it is trans- 
formed into iodo-oleic acid, CJ 8 H 33 IO 2 , which yields stearic acid when heated with 
zinc and hydrochloric acid (I3er. 29, 806). 

The point of double union between the carbon atoms in ricinoleic acid is 
ascertained as in the case of oleic acid: ( 1 ) by conversion into ricinostearolic 
acid, m.p. 53", (2) and this into ketohydroxystearic acid, m.p. 84°, (3) finally, by 
the breaking down of the oxime of the latter acid (Ber. 27 , 3121 : C. 1 900, II. 37). 

Nitrous acid converts ricinoleic acid into isomeric ricinelaidic acid, m.p. 
53° C. (sec Ber. 21 , 2735: 27 , R. 629). 

The formula for ricinoleic acid derived from the above results is confirmed 
by ozone oxidation, which yields )3-hydroxynonoic acid and azelaic acid (Compt. 
r&nd. 150 , 496). With strong sulphuric acid, the sulphuric ester Ci 7 H 32 ( 0 S 03 H)- 
COOH is formed (c/. C. 1909, II. 1422). 

It is remarkable that catalytic hydrogenation of ricinoleic acid leads to the 
formation of an optically inactive, non -resolvable hydroxystearic acid, although 
the asymmetric carbon atom should not bo affected in this reduction (Walden, 
Z. angew. Chem. 38 , 811). 

Alkyl eMers of ricinoleic acid and their acyl derivatives, see Ber. 36 , 781. 

E. TRIOLEFINECARBOXYLIC ACIDS, CVH^n-eOg 

Elaeostearic acid, CigH 3„02 = CH 3 [CH 2 ] 2 CH : CH CH : CH CH : CH- 
[CH 2 ] 7 C 00 H, m.p. 48°, b.p. 235°/12 mm. (Rec. Trav. Chim. 44 , 241 : 46 , 619), 
has been isolated from Japanese wood oil. It can be hydrogenated to stearic 
acid (Ber. 45 , 2730) and was long regarded as a stereoisomer of linoleic acid. 
It forms, however, a tetrabromide, m.p. 114°, when treated with bromine in 
chloroform at —15°, which is still unsaturated (Constitution, see Rec. Trav. 
Chim. 46 , 619). 

Llnolenic acid, = CHa-CH^ CH : CH CH2 CH : CH CH2 CH 

CH[CHj] 7 COOH, b.p. 157°/0*01 mm., occurs together with linoleic acid in linseed 
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oil and can be separated from this by means of the different solubilities of the 
zinc salts in alcohol. It forms a hexabromide^ m.p. 179°. It forms stearic acid 
on reduction, and propionaldehyde, malonaldehydic acid and azelainaldehydic 
acid by decomposition of its ozonido, whereby the above formula is derived 
(Ber. 42 , 1327 : Z. physiol. Chem. 74 , 179). 

F. UNSATURATED ACIDS, C„H2„-«02 

Clupanodonic acid, Cj8H2802, occurs as glyceride in fish oils, particularly 
in Japanese sardine oil. It is an oil with a fish-like odour, and is responsible 
for the unpleasant odour of fish oils. Reduction yields stearic acid. It forms 
an octabromide (C. 1914, I. 1882). 



IV. DIHYDRIC ALCOHOLS OR GLYCOLS AND 
THEIR OXIDATION PRODUCTS 


The glycols are compounds which contain in the molecule two 
liydroxyl groups, and resemble in many ways the monohydric alcohols 
which liave already been discussed. Like them they yield oxidation 
products, and both hydroxyl groups may be oxidized to the same 
degree, yielding dialdehydes, diketones and dicarboxylic acids, or 
oxidation may affect one hydroxyl group more than the other, such 
compounds as hydroxyaldehydes, keto-acids, etc., being produced. 
The number of possible types of oxidation product is, of course, much 
greater than in the case of the monohydric alcohols, and the deriva- 
tives will be discussed in the following order : 

1. Glycols, Dihydric Alcohols. 

2. Hydroxyaldehydes, Aldehyde Alcohols. 

3. Hydroxy ketones. Ketone Alcohols. 

4. Dialdehydes. 

5. Aldehyde Ketones. 

0. Di ketones. 

7. Hydroxy acids, Alcohol Monocarboxylic Acids. 

8. Aldehyde Monocarboxylic Acids. 

9. Keto-monocarboxylic Acids. 

10. Dicarboxylic Acids. 

From the very nature of the conditions there are no compounds 
in any of these series which v^untain but one carbon atom in the 
molecule. However, carbonic acid with its exceedingly numerous 
derivativee will be introduced before the dicarboxylic acids — the 
c?irbonic acid group. 

Carbonic acid is the simplest dibasic acid ; it is similar, in many 
respects, to the dicarboxylic acids and a special type for such acids, 
which, like it, only occur in an anhydride form. 

1. DIHYDRIC ALCOHOLS OR GLYCOLS 

A. PARAFFIN GLYCOLS 

Wurtz (1856) discovered glycol, and thus succeeded in filling the 
gap between the monohydric alcohols and the triacid alcohol, glycerol. 
He chose the name glycol to indicate the relation of the new body to 
alcohol on the one hand and glycerol on the other. Glycols are dis- 
tinguished as a-, y-, etc., according as the hydroxyls are attached 

to adjacent carbon atoms (1 : 2), or in 1 : 3-, 1 : 4-, and 1 : 5- positions 
respectively. There are also diprimary, primary-secondary, etc., 
glycols (consult p. 128). The Geneva names are obtained for the 

356 
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glycols by attaching the final syllable “ diol ” to the name of the 
parent hydrocarbon. 

Glycols differ from the monohydric alcohols just as the hydroxides 
of bivalent metals differ from those of univalent metals, or as a dibasic 
acid from a monobasic acid. As a rule, the reactions leading from the 
monohydric alcohols and glycols to their corresponding derivatives 
are very similar. In the case of the glycols, a series of mono-sub- 
stitution products can be obtained, which still show the characters 
of a monohydric alcohol. Ethylene glycol, for example, is capable 
of forming a mono- and dialkali glycolate, mono- and dialkyl ethers, 
mono- and di- esters, e.g. ; 


CH^-OH 

CHaONa 

CHjOCjHj 

CHg-OCOCHa 

1 

CH2-0H 

I 

CHg-OH 

1 

CH2OH 

1 

CHjOH 

Glycol. 

Monosodiiini 

glycolate. 

Glycol mono-ethyl 
ether. 

Glycol nionacctaic. 


CHj-ONa 

CH2OC2H3 

CH2OCOCH3 


1 

CHjONa 

1 

CHgOCgHg 

1 

CH2OCOCH3 


Dlsodium 

glycolate. 

Glycol diethyl 
ether. 

Glycol diacetate. 


All the mono compounds also exhibit the character of monohydric 
alcohols ; they and the di- compounds, which have been mentioned, 
can be obtained from the glycols by the same methods as the corre- 
sponding products of the monohydric alcohols. 

The sulphur- and nitrogen-containing derivatives of the glycols 
(jorrespond with like derivatives of the monohydric alcohols : 

CH,SH CH 2 NH 2 

I I “ I “ I 

CHa-OH CHa-SH CHa-OH CHaNHa 

Monothio-glycol. Dithio-glycol. Hydroxyethylamino. Ethylene dianiine. 

The aldehydes have been repeatedly spoken of as the anhydrides 
of dihydric alcohols, in which the two hydroxyl groups are joined to 
the same carbon atom, and which can only exist under special con- 
ditions. Yet, the ethers (or acetals), esters and other derivatives of 
these hypothetical compounds are stable. These bodies are naturally 
isomeric with the corresponding derivatives of the dihydric alcohols, 
in which the hydroxyl groups are attached to different carbon atoms. 
The following, for example, are isomeric : 

Acotal and 

‘ CHj-OCjH, 

0 OOCH CH 'O’COCH 

CH 3 -CH<^q Ethylidono diacetalo and . ^ ^ Glycol diacetafce 

* CH2‘0*C0CH3 

OH CH OH 

CHj-CHC^tvj^ Aldehyde ammonia and . ^ Hydroxyethylamine. 

^ CH2NH2 

The cyclic derivatives of the glycols are extremely characteristic. 
Thus, glycol yields two cyclic ethers : 

CH^x . CH^-O-CHa 

I >0 Ethylene oxide. 1 I Diethylene oxide* 

CH/ CH^-O-CH, 
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and also sulphur- and nitrogen -compounds corresponding with diethyl- 
ene oxide : 

CH2NHCH2 CHjSCHa CHa-NH-CH^ 

I >NH 11 II II 

CHj/ CHa-NH CH^ CHg S CHa CH^ • O • CH2 

Ethylone imine. Dielhylene iminc. Diethylene disulphide. Dicthylene imine oxide. 

Methods of Formation. — The first three methods are concerned with 
the olefines, and lead, according to the constitution of the latter, to 
glycols of every description. 

(1) The halogen addition products of the olefines — the alkylene 
halides — may be regarded as the halogen acid esters of the glycols. 
When these are acted on by alkalis, with the purpose of exchanging 
hydroxyl for their halogen, by loss of halogen acid, they pass first into 
monohalogen olefines and then into acetylenes. Wurtz observed that 
it was only necessary to treat the alkylene halides with acetates in 
order to reach the acetic esters of the glycols, and then, by saponifi- 
cation with alkalis, to obtain the glycols. 

The alkylene halides are heated (p. 370) with silver acetate and 
glacial acetic acid, or with potassium acetate in alcoholic solution : 

CH2I CHgCOOAg CH2OCOCH3 

+ = . + 2AgI. 

CH.a CHsCOOAg CH2OCOCH3 

Ethylone diaeetate. 

Inasmuch as the olefines arc prepared from monohydric; alcohols 
by withdrawal of water, and are transformed by the addition of 
halogens into alkylene halides, the preceding reaction may be regarded 
as a method of converting monohydric alcohols into dihydric alcohols 
or glycols. 

The resulting acetic esters are purified by distillation, and then 
saponified by KOH or barium hydroxide solution (C. 1890, I. 968) : 

CH^OCOGH^ KOH CH^OH 

I 4- 1 -f 2CH3COOK. 

CH2OCOCH3 KOH CH.,OH 

A mor^^ useful method than hydrolysis with aqueous alkali is that 
of hydrolysis with methyl alcoholic hydrochloric acid, which takes 
place in a homogeneous system and from which the resulting products 
can easily be separated : 

CH.iOAc Mo;OH 

I 

CHgiOAc Me-OH. 

A direct conversion of alkylene halides into glycols may be attained 
by heating them with water (Ann. 186 , 293), with water and lead 
oxide, or sodium and potassium carbonates. 

(2) Another procedure consists in shaking the alkylenes, 

with aqueous hypochlorous acid, and afterwards decomposing the 
chlorhydrins formed with moist silver oxide : 

CHa OH CH2OH akoh CH2OH 

II + I — > I 

CHjs Cl CHjCl 


CHaOH 
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(3) By the oxidation of the olefines (a) in alkaline solution (p. 103) 
(Wagner, Ber. 21 , 1230) with potassium permanganate, or (b) with 
hydrogen peroxide. Thus, ethylene yields ethylene glycol ; isobutyl- 
ene, isobutylene glycol, (CH 3 ) 2 -C(OH)-CH./OH : 

CH 2 CH 2 OH 

11 + o -f H 2 O - 1 

CH 2 CH 2 OH 

The prej)aration of a/9-glycols from olefines can be carried out 
smoothly by the use of perbenzoic acid in an indifferent solvent. 
The first-formed ethylene oxide is hydrolysed by water to the glycol 
(Prileschajew, Ber. 42 , 4811 : 43 , 959) : 

O OH OH 

/\ I I 

>c-c< >c — c< > >c — c< 

(4) By tlui action of nitrous acid on diamines (p. 382). As these 
can 1)0 obtained from the corresponding nitriles of dibasic acids, and 
the nitriles themselves from alkylene halides, these reactions not only 
ally the classes of derivatives mentioned, but they afford a means of 
building up the glycols : 

CHoBr CH 2 C!N CH 2(^1 .OH 

C^IIg (UI 2 CH 2 CH 2 

CHaBr CH 2 CN CH 2 CH 2 NH 2 CHoCHoOH 

'rrirnt'thylnio 'J’rinM't hyloiit' IVntainothylcne I’entaiiu'thylrno 

bromide. cyanide. diamine. glyeol. 

Besides the normal crlvc^ols, isomeric glycols arc sometimes obtained, 
as well as olefine alcohols and diolefines (Ber. 40 , 2589). 

(5) By the catalytic reduction of acetylenic and diacetylenic 
glycols (p. 36()) with hydrogen and finely-divided platinum (Compt. 
rend. 150, 17()1 : 156, 1623). 

(6) By reduction of (a) aldehydes or kc, to -alcohols, dialdehydes or 
diketones. 

By this means the a-keto-alcohols butyroin and caproin (p. 394) 
yield the stcreoisomeric forms of ^e-octane-diol and fry-dodecane-diol ; 
aldol (p. 390) gives ay-butylene glycol ; acetobutyl alcohol (p. 395) 
gives a£-hexanc-diol, and acetonylacetone (p. 404) yields jSe-hexane- 
diol. 

Akin to these reactions is the formation of glycol by the conden- 
sation of /'^obutyraldehyde, alone or when mixed with other aldehydes, 
by means of alcoholic potassium hydroxide. An aldol (p. 390) is 
first formed, of which the aldehydic group is acted on by excess of 
aldehyde producing a monobutyrin of the ay-glycol (comp. p. 230), 
which in turn is decomposed by hydrolysis into the glycol and iso- 
butyric acid (Monatsh. 17 , 68 : 19 , 16) : 

3(CH3)2CH-CH0 (CH3)2CH CH(0H)CH(CH3)2 

I I 

(CH3)2CCH20C0 
(CH3)2CHCH0H CH(CH3)2 
> I + 1 

(CH3)aC-CH30H COOH. 
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By the reduction of (b) dimrhoxylic esters or amides by sodium 
and alcohol (C. 1905, II. 1701). 



(CH8)aC-CH20H 

I 

CH2CH2OH 

a-Dimethyltetranicthylene 


glycol. 


CH2CH2CH2CONH2 CH2CH2CH2CH2OH 

I ^ I 

CH2CFr2CH2CONH2 

Suberic amide. Octomethylcne glycol. 


Lactones, the cyclic esters of y-, d-, or £-hydroxy-carboxylic esters, 
are also reduced to glycols by sodium and alcohol (Ber. 39, 2851) ; 
similarly, /1-ethoxyl propionic ester yields the ethyl ether of tri- 
methylene glycol (C. 1905, I. 25). 


Nucleus Synthetic Methods 

(7) Aldehyde alcohols, diketoncs, kcto-carboxylic esters, dicar- 
boxylic esters, all react with alkyl magnesium halides (p. 219) forming 
glycols, accompanied by the entry of an alkyl group (Ber. 35, 2138 : 
42, 2500: Monatsh. 28, 997: Ann. 396, 250: C. 1904, 1. 578: 
1906, II. 1639 : 1907, I. 627) : 


CH3CH(0H) 

I 

CH2CH() 

A Idol. 



CH3-OH(OH) 

I 

CH^Cn{OB)CH, 

Dimcthyitrimothylcnc glycol. 


CB^COOCMr, 4(’K3Mgi CH..C(CH3 )oOH 

I ^ I 

CBNOOCM5 CH2C(CH3)20H 

Succinic o.ster. Tetramethyltetrainethylenc glycol. 


By the same reagent alkoxy-ketones and alkoxy-carboxylic; esters 
are converted into monoalkyl ethers of the glycols (C. 1904, I. 504). 
Similarly, lactones yield prim nr} -tertiary glycols (C. 1907, I. 708). 

Monoalkyl derivatives of the glycols are also obtained by the 
action of chloromethyl alkyl ethers on ketones in the presence of 
magnesium or other metals (C. 1907, I. 681). 

(8) The action of metals, such as sodium or magnesium, on many 
halogen-hydrin compounds of the ethers, either alone or mixed with 
halogen methyl alkyl ethers (p. 243), is to build up the ethers of the 
higher glycols from lower members (C. 1903, I. 455 : 1904, I. 1401) : 


2 CflH 50 CH2CH2CH2l ■ 
7-rhenoxypropyl iodide. 


C„Il50[CH,]„OC,H, 


Hoxamethyleno glycol. 


C,BiiO[CB,-],BT~{-BrCB,OC,B,, 
A myloxy propyl 
bromide. 


- HO[CHo] 40H 
Tetramethylcnc 
glycol. 


The dimethyl ethers of diprimary glycols are obtained by the 
action of chloromethyl ether on the dimagnesium compounds of the 
higher alkylene dihalides (Bull. Soc. Chim. [4] 7, 327 : Ber. 45, 1973). 

(9) The ditertiary glycols or pinacols are obtained, along with 
secondary alcohols, by the reduction of ketones. The simplest pina- 
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cone, tetramethylethylene glycol, is thus obtained from acetone 
(Friedel) : 

/ 2 (CH 8 ) 2 CH 0 H 
2 (CH 3 ) 8 C 0 <r (CH 8 ) 8 C- 0 H 
\ (CH 8 ) 2 C 0 H 

The formation of pinacones takes place particularly readily when 
ketones are warmed with magnesium- or aluminium-amalgam in 
absence of water. The corresponding metallic derivative of the 
pinacone is thus formed and can be decomposed with liberation of 
the pinacone, either by water or by dilute acids (Bull. Soc. Chim. [4] 
7, 459 : D.R.P. 241896, C. 1912, I. 176 : D.R.P. 251330/1, C. 1912, 
II. 1318). 

Di-secondary glycols are formed in small quantity by the action 
of magnesium amalgam on aldehydes, and by the electrolytic reduc- 
tion of aldehydes in acid solution (Atti. R. Accad. Lincei. [5] 22, 
II. 681 : D.R.P. 277392, C. 1914, II. 674) : 

2 CH 3 CHO CH3-CH(0H) CH(0H) CH 3 

(10) The diakyl ethers of some glycols are obtained by the elec- 
trolysis of the alkoxycarboxylic acids, similarly to the formation of 
ethane from potassium acetate (see p. 94 : C. 1905, I. 1698). 

(11) The formation of glycols by the condensation of ketones and 
alcohols under the influence of light, and of their ethers from alkyl 
ethers and ketones is noteworthy (Ber. 43, 945 : 44, 1280, 1554) : 

(CH 3 ) 2 C 0 -f CH 3 CH 2 OII (CH 3 ) 2 C( 0 H)-CH( 0 H)-CH 3 . 

Propf rticp. — The glycols are neutral, thick liquids, holding, as far 
as their properties are uoncerned, a place intermediate between the 
monohydric alcohols and trihydric glycerol. The solubility of a 
compound in water increases according to the accumulation of OH 
groups in it, and becomes correspondingly less soluble in alcohol, 
and especially in ether. There is an appreciable rise in the boiling 
point, whilst the body acquires at the same time a sweet taste. In 
accord with this, the glycols have a sweetish taste, are very easily 
soluble in water, slightly soluble in ether, and boil much higher (about 
100'') than the corresponding monohydric alcohols. As the number 
and dimensions of the alkyl groups grow, the higher homologues 
become increasingly soluble in ether, and the taste becomes sharper 
and, in some cases, burning. 

The reactions of the glycols with dehydrating agents are important, 
and the products depend upon the relative positions of the hydroxyl 
groups. 

(i) The 1 : 2 glycols yield aldehydes and ketones : 

(CH3)2C(0H)-CH20H (CH3)oCH-CHO 

(C 3 H 3 )(C 3 H 5 )C(OH)-CH(OH)-CeH 3 

(C. 1923, III. 1017) 

CH 3 CH(OH) CH(OH) CH 3 CHg CO GH^ CHg. 

For the behaviour of ditertiary glycols under these conditions, 
see Pinacone, p. 363. 

(ii) 1 : 3-glycols form cyclic oxides and also aldehydes and ketones 
(Monatsh. 23, 60) : 
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(iii) 1 : 4- and 1 : 5-glycols yield cyclic oxides. The higher glycols, 
1:6-, 1:8-, 1:9-, 1 : 10-, form 1 : 5-oxides, with narrowing of the 
oxide ring, under the influence of concentrated sulphuric acid (Monatsh. 
43, 589) (see p. 368). 

Ethylene glycol, Ghjcol, [1, 2-Ethanediol], CH^OH CH^OH, m.p. 
— 11-5^ b.p. 197*5°, Do — 1*125, is miscible with water and alcohol. 
Ether dissolves but small quantities of it. 

It may be obtained from ethylene through ethylene bromide, ethyl- 
ene chlorhydrin (general method of formation, p. 358) or by direct 
oxidation ; and also from ethylene oxide by the absorption of water : 


CH^ 

CHo 


>0 + H 2 O 


CH 2 OH 

CH 2 OH 


Fr( jfd ratio N .- — A mixture of etljylone l)romido, potassium ear})onate and water 
is boiled under a reflex condenser, until all the bromide is dissolviid (Ann. 192 , 240, 
200). Or the ethylene bromide may be conv^erted by heating with anhydrous 
potassium acetate into glycol diacetate, which yields glycol when hydrolysed 
with alkali hydroxide (Ber. 29 , B. 287 ; C. 1899, I. 908). 

Clycol can bo directly obtained from ethylene bromide by heating it with 
3 mols. of sodimn formate in the presence of methyl alcohol in the autoclave 
at 170". The first-formed glycol diforrnate is alcoholysed by the methyl alcohol. 


Reaction'^. — (1) Dehydration. On heating ethylene glycol with zinc 
chloride to 250° water is eliminated and acetaldehyde and croton- 
aldehyde are formed ; at 210° with water, only acetaldehyde results. 

When ethylene glycol is distilled with 4% concentrated sulphuric 
acid, not only acetaldehyde and ethylidene ethylene etlier (p. 367) are 
formed, but also diethylene oxide. Further treatment of this oxide 
with sulphuric acid or zinc chloride results in the production of acet- 
aldehyde (C, 1907, I. 15) : 

CH/IH CH3 O— (Ti.. CU^ HOCH^ 

2| ^ I “ I ^ 1^ I ^ 1 -1- 1 

CHaOlI Cilo-^O— CH, CH— O CH2 CHO HOCH2 

(2) OxMniion. Nitric acid oxidizes glycol to glycollic acid and 
glyoxal, glyoxylic acid and oxalic acid. The first oxidation product, 
glycol aldehyde (q.v.), is further oxidized too rapidly to be identified : 


CH 2 OH COOH 

I ^ I 

CH2OH CK2OH 

Glycol. Glycollic acid. 


CHO COOH COOH 

I ^1 ^ I 

CHO CHO COOH 

Glyoxttl. Glyoxylic acid. Oxalic acid. 


(3) When glycol is heated with potassium hydroxide to 250°, it 
is oxidized to oxalic acid with evolution of hydrogen. 

(4) Heated to 160° with concentrated hydrochloric acid, glycol 
chlorhydrin results, which at 200° is converted into ethylene dichloride. 

(5) Ethylene dichloride is also produced when PCI 5 acts on glycol. 

(6) A mixture of nitric and sulphuric acids changes glycol into 
glycol dinitrate. 

(7) Concentrated sulphuric acid and glycol yield glycol sulphate. 

(8) The acid chlorides or acid anhydrides produce mono- and di- 
csters of glycol. 

(9) Metallic sodium dissolves in glycol, forming sodium glycolate, 

and (at 170°) disodium glycolate, C 2 H 4 (ONa) 2 . Both 
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are white, crystalline substances, regenerating glycol with water. The 
alkyl halides convert them into the corresponding ethers. 

Folyetlhylane GlycoU. — Ethylene oxide absorbs water to form glycol. The 
latter and ethylene oxide unite at 100° in varying proportions, thus yielding 
the polyethylene glycols : 

CH2\ CH2OH /CH2CH2OH 

I yO + I = 0/ Diethylene glycol, b.p. 250°. 

CH2/ CH2OH XciI.CHoOH 

CH.v (UI2OH CU.j,-0 

2| yO 4- I “1 Triethylene glycol, b.p. 287°. 

CH2/ on20H CH2--0— CH2C1I2OH 

etc. 

Th(' pr)lyg)y(rols are thick liquids, with high boiling points. Tliey behave like 
the glycols. Ether-acids may be obtained froin them by oxidation with dilute 
nitric acid ; thus diglycollic acid (y.v.) is formed from diethyl(a)e alcohol. 

There arc two series of homologues of ethylene glycol ; the one 
resulting from alkyl substitution, and the other, including the 1 : 3-, 
1:4-, 1 : 5-glycols, etc., produced by the insertion of an alkyl group 
between the carbinol groups. 

Homologous 1 : 2-Glycols 

a-Propylene glycol, [Propanediol- 1 : 2], (Tl )'(Tl2-OE , b.|). 188°, 

Do — 1-015, is obtained from propylene l)roniide or chloride. It is most readily 
prepared by distilling glycerol with sodium hydroxide (Ber. 13, 1805). Platinum 
black oxidizes it to lactic acid. Only a,ceti(? acid is formed wIumi chromic, acid 
is the oxidizing agent. Concentrated hydriodic acid changes it to v’soproyjyl 
alcohol and its iodide. Heated with wat(‘r at about 190° it yields propylahleliyde 
and acetone. It contains an asymmetric carbon atom, and when exposed to 
the action of Bavkriuni ternm, becomes optically active (Ber. 14, 842). 

The following glycols can bo obtained from tbeir dibromidos : 

a-Butylene glycol, Ethylethylene ylycoL C.>Hr,CH (OH)-CH20H, b.j). 192°. 

^y-Butylene glycol, DimethyivtlnjlGnc glycol, Cil3CH(OH )-CH(OH)-- 

CH3, b.p. 184°. 

i^foButylene glycol, uiii^ym.-DlmclhylcthyleNc glycol, (CH.5)„C(OH )-CHo(OH ), 
b.]). 177°. 

a-/.s’oAmylene glycol, iso Pro pylcthylene glycol, (CH^).!'!! -CH (()11)-CH20H, 
b.]). 20t)°. 

/S-/wAmylene glycol, Trimcthylethylcoic glycol, (CH3).,('(^^B )-CH(OH )CH3, 
b.]^. 177°. 

)3-Amylene glycol, sym.-Mcihylelhylcthylenc glycol, CM l-CH (OII)CH (011)-- 
(TI.„ b.p. 187°. 

sym.-Dipropylethylene glycol, be-Octoncdiol, C3H7CH (OH)-Cl I (OH 
occurs in two modifications ; a-form, liquid, b.p. 1 1,5-1 20”/10 mm., /3-form, m.p. 
125", and is prepared by reduct ion of butyroin (j). 294) by sodium and alcohol. 

sym.-Diamylethylene glycol, ^y-Dodccunediol, a-form, m.p. 51°, b.p. 15,5— 
]60”/l() mm. ; /3-form, m.p. 13f>°, is produced when caj)i'onoin is reduced by 
sodium and alcohol (C. 190(), II. 1114). 

Pinacone, Phuicol, Tetraniethylcthyletw glycol , (CH3)2 C(()ll)-C(OH)«((Tl3)2 +- 
6H2O, m.p. 42°, anhydrous, m.p. 38°, b.p. 171-172°, is formed, together with 
'f,5opropyl alcohol, from acetone by the action of sodium or magnesimn and mer- 
curic chloride (C. 190(), II. 148) or by electrolysis (Ber. 27 , 454 : C. 1900, II. 
794) (see method of formation, No. 9, p. 301). Further, by the action of IMgCHg 
on diacetyl or oxalic ester (mode of formation. No. 7a). It crystallizes from its 
aqueous solution in quadratic plates (hence the name, from -nlva^, plate), and 
gradually effloresces on exposure. 

In common with other pinacols (p. 300), dilute sulphuric^ or hydrochloric acids 
cause it to lose water and undergo intramolecular change, forming pinacolin 
or methyl -butyl ketone (p. 205). An isomer of this substance, tetramethyl- 
ethylene oxide (p. 308), very readily absorbs water forming pinacone. 
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Similarly to pinacone, a whole series of tetraalkylethylene glycols can be 
prepared by reduction of aliphatic ketones, known collectively as pinacones, 
which beha\ e towards dilute sulphuric and hydrochloric acids as pinacono itself 
does. Comp, methyl iisopropyl pinacone, C. 1903, II. 23. 

1 : 3-Glycols 

Trimethylene glycol [ Propanediol- 1, 3], CH2OH OH2CH2OH, b.p. 21(C, 
D'o ^ 1-005, is obtained from trimethylene bromide (Ber. 16 , 393) ; or by the 
fermentation of glycerol by Schizomycetes, together with n-butyl alcohol (Ber. 
20 , B. 700). It is isomeric with a-propylene glycol. Moderate oxidizing agents 
produce /S-hydroxypropionic acid (hydracrylic acid) ; sulphuric acid changes it 
into propionaldehyde and acetone (C. 1904, I. 1401). 

p- Butylene glycol, ^-M ethyltrimethylene glycol [Butanediol- 1 , 3] ,CH3CH (OH )- 
CH2OH, b.p. 207^^, is obtained by the reduction of aldol (p. 390) ; 50 sul- 
phuric acid converts it into butyraldehyde and methyl ethyl ketone (comp, 
p. 301, and C. 1904, I. 1400). 

y-? 5 oAmylene glycol, oi(x-DimcthyUrimethylene glycol^ (CH 3 ) 2 C(OH)-CH 2 CH 2 - 
OH, b.p. 203°, is obtained from the bromide (Ber. 29, R. 92). 

-Dimethyl trimethylene glycol, ^h-PentanedioU CH 3 CH(OH)CH 2 CH- 
(0H)CH3, b.p. 199°, is prepared by reduction of hydracetylacetone (p. 394) ; and 
bv the action of magnesium met%d iodide on aldol (0. 1904, I. 1327 ; Bor. 37, 
4730). 

aay-Trimethyltrimethylene glycol, ^-Methyl-^e-'pcntmicdiol, (CH 3 ) 2 C(OH)- 
CH2CH2(^H(0H)CH3, b.p. 194°, is obtained by reduction of diacctono alcohol 
(p. 395). 

. 9 vm.-Tetramethyl trimethylene glycol, p^-Dimcthyl-pc-jjentanediol, (CH 3 ) 2 - 
C(OH)-CH2*C(OH)(CH3)2, b.p. 98°/13 mm., results from the action of CHgMgl 
on diacetone alcohol (C. 1902, I. 455: Ber. 37, 4731). 

Hexamethyltrimethylene glycol (^yy^-MramcthylpenUme-^h-diol), MeaC- 
(0H)*CMe2*CMe20H, m.p. 70°, b.p. 234°, is formed from dirnethylmalonic ester 
and magnesi\im methyl iodide : it breaks down on heating with acids into acetone 
and tetraraethylethyiene (C. 1914, II. 1201). 

A series of higher homologues of the 1 : 3-glycols is obtained from the con- 
densation of nsobutyraldehyde with other aldehydes, or the fsobutyl aldols, by 
means of alcoholic potassium hydroxide (method of formation No. Oa, p. 359). 

/3)S-Dimethyltrimethylene glycol, Pentnglycol, (CH3)2C(CH20H)2, m.p. 
1 29°, b.p. 200°. Heated with H2SO4 it forms isovaleric aldehyde, itsopropyl methyl 
ketone and a cyclic oxide (C. 1900, II. 30). 

a^jS-Trimethyltrimethylene glycol, CH 2 (OH )C(CH 3 ) 2 CH(OH)CH 3 , b.p. 
207°, and a^/S-Dimethylethyltriiiiethylene glycol, m.p. 81°, are obtained 
from 7 .sobutyraldcshyde , and acetaldehyde and proy)i on aldehyde, respect iv^ely. 
a/9/9-Dimethyb sepropyltrimethylene glycol, CH .2(OH)C(CH3)2CH(OH lOgH,, 
m.p. 51°, b.p. 223°, is prepared from i.wbutyl aldehyde alone. This substance 
Oil oxidation yields first a hydroxy-acid and then di/.sopropyl ketone. 

sym. -Tetramethy 1 - )3- ethyltrimethylene glycol , (CH 3 ) J' (OH )CH (CgH 3 )C- 
(OH)(CH3)2, 128°/11 mm., is obtained from ethylacetoacetic ester and 

CHaMgl (mode of formation 7, p. 3G0) (C. 1902, I. 1197). 


1 : 4-Glycols 

Tetramethylene glycol, [Butanodiol-l : 4], HO-CH 2-0H2-CH2CH2OH , b.p. 
202-203°, H Toil, is prepared from tetraraethylenedinitrarnine and sulphuric, 
acid (Ber. 23, R. 506) ; also, by reduction of succindialdehyde (p. 399), by 
aluminium amalgam. It possesses an unpleasant odour of leeks (Ber. 35, 1187). 
The diumyl ether results from the electrolysis of the potassium salt of j3-arnyloxy- 
propionic acid (C. 1901, I. 613 : 1905,‘ I. 1698). 

a-Methyltetramethylene glycol, (<xh-Pe}Uanediol), CH3-CH(OH)CH2CH2- 
CHgOH, b.p. 123-126°/16 mm., with partial decomposition into y-pentylene 
oxide and water on heating. It is obtained from acetopropyl alcohol (C. 1903, 
II. 531) and from y-valerolactone bv reduction (Ber. 39, 2851). 

/3-Methyltetramethylene glycol, CH20H-CHMe-CH2 CH20H, b.p. 124°/13 
mm., is obtained by the reduction of pyrotartaric acid with sodium and alcohol 
(Ann. 383, 167). 
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aa-Dimethyltetramethylene glycol, p-Methyl-pe-penUinediol, {CH 8 ) 2 C(OH)- 
CHgCHgCHgOH, b.p. 222°, results from the action of CHgMgl on butyrolactone 
or acetopropyl alcohol (C. 1907, T. 708 : Monatsh. 28, 1006). 

/9j3-Dimethyltetramethylene glycol, CH 2 (OH)C(CH 3 ) 2 CH 2 CH 20 H, b.p. 
123°/10 rnm., is produced from 7-//i.^>a.-dimethylsuccinic ester by reduction with 
sodium and alcohol (C. 1905, II. i78). 

)3e-Hexylene glycol, p€-llexanediol, CH 3 CH(OH)CH 2 CH 2 CH(OH)CH 3 , b.p. 
217°, is easily obtained by the reduction of acetonyl acetone by sodium amalgam 
(Bor. 35, 1335). 

j3c-Dimethylhexane-j3c-diol, Me2C(0H) CH 2 CH 2 CMe20H, rn.p. (anhyd.) 
91°, -f- 61120, 41°, is ubtaiiied from heviilinic ester or succinic ester arid mag- 
nesium methyl iodide (C. 1906, II. 1639: 1909, 11. 797). 

1 : 5-Glycols 

Pentamethylene glycol, oLe-Pentanediol, HOCH 2 CH 2 CH 2 CH 2 CH 2 OH, b.p. 
239°, Dj 3 — 0*994, is obtained from pentamethylene diamine (mode of formation 
4, p. 3r)9) (Ber. 40, 2559). The diainyl ether is prepared from S-arriyloxybutyl 
bromide, magnesium and bromomethyl amyl ether (mod(' of formation 8, p. 360) 
(C. 1904, IT. 587). 

ac-Hexanediol, CH3CH(OH)[CH2]8CH20H, b.p. 235'Y710 mrn., is produced 
from acetobutyl alcohol (p. 395). 

1:6-, 1:7-, 1 : 8-Glycols, etc. 

The melting points of these poly methylene glycols appear to follow the same 
rule as those of the normal paraliin mono- and di-carboxylic acids and other 
homologous series (p. 58), namely, that those of members possessing an odd 
number of atoms lie lower than those of the neighbouring even-numbered members 
(C. 1904, II. 1698). 

Hexamethylene glycol, cc^-Hexanedioh H0[CH2]60H, m.p. 42°, b.p. 250°, 
is prepared from hexamethylene dibroinide or diacetate ; and from adipic ester 
by reduction. Its dialkyl ethers are obtained from y-alkoxypropyl halides by 
the action of sodium (methods of formation 66 and 8 (p. 360) ; and from y- 
amyloxybutyric acid by electrolysis (Ber. 27, R. 735 • O. 1 905, 1. 1698 : IT. 1 701 ). 

Heptamethylene glycol, diethyl ether, C 2 HftO-[CH 2 ] 7 O 02 H 6 , b.p. 225°, re- 
sults from the interaction of i^-othoxyhoxyl iodide, magnesium and iodomethyl 
ethyl ether (mode of formation 8, p. 360) (C. 1906, I. 443). 

Octomethylene glycol, oiO-Octanediol, HO[CH2]80H, m.p. 60°, b.p. 162°/ 
10 mm. 

Nonamethylene glycol, oa-N onanediol, HO[CH 2 ] 90 H, m.p. 45°, b.p. 177°/ 
15 mm. 

Decamethylene glycol, oiK-Decanediol , HO[CHo]ioOH, m.}), 70°, b.p. 179°/ 
15 rnm. These glycols are obtained from dicar boxylic esters or amides b\' 
reduction (mode of formation (>6, p. 3()0) (C. 1904, 1. 1399; 1905, II. 1701). 

Higher diprimary glycols, see Monatsh. 43, 589. 

B. UNSATURATED GLYCOLS. OLEFINIC GLYCOLS 

The simplest representatives possible theoretically are not known, and 
probably are, like vinyl alcohol, not capable of existing. 

See p. 369, upon the view of furfuran as an oxide of an unknown, unsaturated 
glycol. See also acetonylacetone (p. 405). 

imDipropioiiyl, imdihutyryl, imdimobutyryl, and modiisovaleryl are olefine 
glycol derivatives. They result from the action of metallic sodium on an ethereal 
solution of propionyl chloride, butyryl chloride, -rsobutyryl chloride, and i.sovaleryl 
chloride. They are esters of alkylacetylene glycols (Khnger and Schmitz, Ber. 
24, 1271 ; Ber. 28, R. 1000 : J. pr. Chem. [2], 63, 364). 

Diethylacetylene glycol dipropionate, “ Dipropionyl'" EtOCO*CEt 
CEt-OCOEt, b.p. 108°/10 ram. 

Dipropylacetylene glycol dibutyrate, “ Dihutyryl,' PrCOOCPr-CPr- 
OCOPr, b.p. 119-130°/12 ram. 

When these esters are hydrolysed, the corresponding keto-alcohols, propioin 
and butyroin are produced, and conversely the acetate CH 3 *C(OAc) : C(OAc)*CH 3 
is produced when the sodium derivative of acetoin is treated with acetyl chloride 
(see p. 394). 
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-Hexadiene>y8-diol {Divmylethylene glycol), [CHg : CH-CH(OH)*]2, b.p. 
101^/15 inm., nnd J^^-octadiene-Se-diol [dipropcnylcthylcnc glycol), [CHMe 
CH •CI1(() H )• |o, b.p. 121^/1 mill., aro produced by the reduction of acrolein and 
croiuiialdciivde with copper-zinc cokplo and dilute acetic acid (Ann. Chiin. Phys. 
[0], 26, :3()7 : C. 1899, 11, 90). 

Acetylenic Glycols. — 1 ; 4-Acetylenic glycols are produced by the action 
of di -magnesium acetylene bromide on aldehydes and ketones (Aim. Chiin. Phys. 
[8] 30, 485) : 

BrMg C iC MgHr + 2CH3CHO y CH3-CH(OH) C • C CH(OH) CH3. 

a5-Butinenediol, CH20H-C • C-CHgOH, m.p. 58°. Its dimethyl ether, b.p. 
158 , is obtained from monochloromethyl ether and acetylene dimagnesium 
bromide (C. 1908, I. 1642). 

J^-Hexinene-/3e-diol, MeCH(OH) C • C-CHMeOH, occurs in two stereo- 
isomeric forms, m.pp. 42° and 70°. 

)3e-Dimethyl- J^-hexinene-)3e-diol, CMegOH C • C CMegOH, m.p. 95°. 

Tlie acetylenic glycols when treated with dehydrating agents do not yield 
cyclic oxiiles, but pass over into olefine -acetylenes. They undergo isomeric 
cliange to keto-hydrofurfurans when treated with aqueous mercuric sulphate . 

CCH OIICH3 CO • CHCH3 

III — ^ I >0 

CCHOHCH3 CHj-CHCH, 

The acetylenic glycols aro reduced to the corresponding paraffin glycols by 
hydrogen and finely divided platinum (p. 359: cf. C. 1914, I. 1813). 

The diacetylenic glycols, a^-hexadiinenediol, [CH^OH-C • C-Jg, m.p. 111°, 
and / 37 ^-octadiinenediol, [Me-CHOH-C : 0']2» m.p. 68°, are obtained by oxidizing 
the copper salts of propargyl alcohol and methylacetylonylcarbinol (p. 152) with 
potassium ferricyanide (C. 1897, I. 281 : II. 183). 

GLYCOL DERIVATIVES 

1 . ETHERS OF THE GLYCOLS 
A. Alkyl Ethers 

The alkyl ethers of tlie glycols arc prepared (1) from tlie metallic glycolates 
and alkyl iodide : 

no (;ll2 (Tl2 0Na 4- C2H,1 Nal + HO CH2 CH2 OC2H3 
(4ll4(()Na)2 - 4 - 2C2li6i - 2 NaI 4 OoIl4(()C2H5)2. 

(2) The moiionlkyl ethers of etliyloiie glyeol result from the combination of 
ethylene oxide and alcohols. 

(3; Uialkyl (*thers can bo obtained synthetically by means of the methods of 
formation 7 and 8 (p. 360) : 

(a) From haK^gen -substituted ethers ROfCHalnX and Na or Mg ; 

(b) From ketones with chloromethyl alkyl others and magnesium ; 

(f) From alkoxy ketones and alkoxycarboxylic esters with magnesium alkyl 
halides. 

((/) From alkoxy fatty acid salts by electrolysis. 

Hydriodic acid decomposes the neutral ethers into iodoalkyls and glycols 
(Ber. 26, R. 719), which aro converted into alkylone iodides by excess of HI. 
Hydrobromic acid in the cold converts glycol dialkyl ethers into the broino- 
hydrins of the mono-alkyl ether, RO[CH2inBr (C. 1904, 1. 1400). 

The mono-alkyl ethers of tertiary- primary 1 : 2-glycol8 are changes into alde- 
hydes by the action of anhydrous formic or oxalic acid (comp. p. 361). 

Glycol monoethyl ether, b.p. 127° (Ber. 35, 3299). (JlycoL diethyl ether, h.p. 
123°. 

The polyethylene alcoliols aro most closely related to the alcohol ethers. 
They have been already considorod after ethylene glycol (p. 363). Diethylene 
glycol bears the same relation to glycol as ethyl ether to ethyl alcohol : 

g'y-' o<ch::SS:’ 
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B. Cyclic Ethers (Alhylcne Oxides) 


Diethylene oxide, m.p. 9", b.]). 102°, is obtained from the 

red, crystalline bromirie addition product of ethylene oxide, (C 2 H 40 ) 2 Br 2 , m,p. 
65°, b.p. 95°, when it is treated with mercury. It is also prepared by heating 
glycol with concentrated sulj>huric acid (p. 362). It unites with bromine, form- 
ing the above-mentioned dihroitiide ; with iodine, to a diiodidc^ m.p. 85° ; and 
with sulphuric acid it forms a sulphatCy m.p. 101°. Thus, it forms double com- 
pounds or oxonium salts similar to those of the simple ethers (p. 156) (C. 1907, 
I. 1103). It is decomposed into acetaldehyde and glycol when heated with sul- 
phuric acid (p. 362). 

CHg-O 

Ethylene methylene ether, Olycol methylene acetal, * b.p. 78°, is 


obtained from trioxymethylene, ethylene glycol and ferric chloride (Ber. 28, R. 
109), or syrupy phosphoric; acid (C. 1899, 1. 919). Also from glycol, formaldehyde 
and hydrocliloric acid (C. 1900, II. 1261). Ethylene ethylidene ether. 


CJ FT •( ) 

b.p. 82-5°, results from the union of ethylene oxide aiid acet- 
aldehyde (corn]), p. 362). 

Diethylone oxide is a cyclic double ether. For the preparat ion of this class 
of substance some 1 : 3-glyculs seem also to be suitable (Monatsh. 23, 67). Simple 
cyclic others or glycol oxides are also known ; a.nd a third ether, ethylene oxide 

2 (Wiu’tz), is also derived from glycol. 


The simple cyclic ethers of the glycols, the alkylene oxides, are readily pro- 
duced in various ways, depending upon wliether the two Oli-groups are attached 
to adjacent carbon atoms or not. Alkylene oxides, in whic*h the O-atoms are 
in urhon with adjacent eai'bon atoms, are termed the a-alkylene oxides, whilst 
the others are the /3-, y-, 8-alky lene t)xides. 

(1) Ft-hylcaie oxide itself ancl the ethylene oxides, as well as the /3-alkylone 
oxides (ti’imethylene oxide), are prepai'c'd by the action of potassium hydroxide 
on the (;hlor- or brom-hydrins, the inonohaloid esters of the respective glycols : 
CH..OIi CHg 

• ‘ + KOII ^ + KOI + H„0. 

CHjjCl 


(2) a-Alkylene oxides ar*e also obtained by the oxidation of olefines by benzoyl 
peroxide or benzoyl hydroperoxide in inert solvents (Ber. 42, 4811 : C. 1911, 
I. 1280) (c/. p. 106). 

(3) The y- and 8-alkylene oxides (and some jS-derivatives) are formed when 
the glycols are heated with sulphuric a(;id (Bor. 18, 3285 : 19, 2843 : Monatsh. 
23, 67) : 


CII.,< 


dl.CH.OH 


IJ2SO4 


> CH.,< 




>0 + II2O. 


\Cll2CH2On 




The a-glycols, under like treatment, lose water and yield either aldehydes 
or ketones, depending upon their constitution (pp. 361, 227, 256). 

Tlie ethylene oxide ring is easily ruptured, hence ethylene oxide enters into 
addition reactions (jtiite as freely as its isomer acetaldehytle. 4die rings of 
tetra- and j>entamethylene oxides, liowever, are far more stable. These can 
oidy be broken up by the halogen acids. 


Ethylene oxide, •, ">-0, b.p. 12-5’, D.q == 0-898, isomeric with 

CII 2 

acetaldehyde, CHa'CHO, is a pleasantly-smelling, ethereal, mobile 
liquid, with a neutral reaction, yet able gradually to precipitate 
metallic liydroxides from many metallic salts. 


MgCb -I- 2 . 


CH 

> , 

^CH 


+ 2IIjO 


CHj-OH 
2. “ 
CHjOl 


+ Mg<; 


oil 

OH 
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Ethylene oxide is characterized by its additive power. (1) It combines with 
water and slowly yields glycol. (2) Nascent hydrogen converts it into ethyl 
alcohol. (3) The halogen acids unite with it to form halogenhydrins, the mono- 
haloid esters of the glycols ; hydrofluoric acid is, however, an exception (C. 1903, 
I. 11). (4, a) With alcohol it yields glycol monoethyl ether; [b) with glycol 

it forms diethylene glycol ; (c) and with the latter it combines to triethylene 
glycol. (5) It forms ethylene alkylidene ethers (p. 307) with aldehydes. (0) 
Acetic acid and ethylene oxide form glycol monoacetate, and (7) with acetic anhy- 
dride the product is glycol diacotate. (8) Sodium bisulphite changes it to sodium 
isetliionate. (9) Aimnonia changes ethylene oxide to hydroxyethylamine. (10) 
With hydrocyanic acid it forms the nitrile of hydracrylic acid. (11) Ethylene 
oxide unites with sodium malonic esk'r (see Hydroxethylmalonic ester). Potas- 
sium hydroxide polymerizes ethylene oxide at 50-00'' (Her. 28, K. 293). 

For comparison, the following additive reactions of ethylene oxide and alde- 
hyde are arranged : ' ' 


CH. 

I 

CH. 


<>■ 


KU, 


by side : 

CH 2-011 

1 

CHg-SOaK 


KHSOj, 

> 


CH 2 OII 

CHyCPI:0^ 

IsH, 


1 

CH 2 NH 2 

^ 

CH 2 -OH 


HNC 

V 

CTl3CH<^^^ 

j 

Cllo-CN 


\ > 


Ethylene oxide and magnesium alkyl halides form addition coin})Ounds, which 
are coin'erted by heat into primary alcoholatcs, HCH2CHoOMgX (p. 134). 

CH^-CH V 

Higher alkylene oxides. (x-Projjylenc oxide | yo, b.p. 35°. iso- 

CHg/ 

(cn:,),c^ 

Butylene oxulc, \ yC, b.p. 51-52°. aym.-Diuulhylelfeylene oxldey b.p. 

CH3/ 

5()-57°. i^ym. ^^fcthylethylethylene oxide, b.p. 80°. iso Propylcthylene oxide, 
b.p. 82°. Trimethylcthylene oxide, b.p. 75—70°. Teiranietliyleihylcne oxide, b.p. 
91-7°, is produced from tclramethylethylone bromide by PbO and water (C. 1902, 
I. 028). It unites with water to form pinacone with considerable evolution of 
heat. (]). 3f)3). 

Heated to 200-200" with AlgOg or other contact substances, ethylene oxide, 
propylene oxide and ?.scbutyleno oxide are transformed into the isomeric alde- 
hyH‘=-.3, acetaldehyde, propionaldehyde, i^obutylaldohyde, whilst trimothyl- 
ethylene oxide gives methyl is-cpropyl ketone (Ber. 36, 2010). 

Trimethylene oxide, b.p. 50° ; prejiaration, see p. 3(i7 ; 

ho7nolo(/i4es (Monatsh. 23, 67 : C. 1900, II. 1179). 

(3) (2) 

CH2— CH^x (1) 

Tetramethylene oxide, TetrahydroJurJuraji, ] (4) (5) 7O, b.p. 57° (Ber. 

CHg— CHg/ 

25, R. 912). ^e-Hexylene oxide, 2 : ri-DimethylletrahydrofurJnran, b.p. 93° 
(Bor. 35, 1330). (XOL-Diirietkyltetramcthyleiie oxide, b.p. 98° (C. 1907, I. 708). 
2:2:5: ii-TetramethyltetrahydroJurJuran, b.p. 113°. iJiisocmeyletie oxide, 2 : 5- 
Dirmthyl-2 : b-diethyltetrahydrofurfuran, b.p. 100° (C. 1899, 1. 774, 775). y-Fenty- 
lene oxide, 2-Methyltetrahydrofurfuran, b.p. 77° (Ber. 22, 2571). 

Pentamethylene oxide, ^ (Ber. 27, R. 197). 

6-Hexylene oxide, (x-Methylpentamethylene oxide, b.p. 104°, does not miite 
with ammonia (Ber. 18, 3283). 

The higher polymethylene glycols are converted into their oxides only with 
difficulty, and form, irrespective of the relative positions of the hydroxyl groups, 
y- and 8-oxides through an intramolecular isomeric change. 
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Note ,. — Furfuran corresponds with totramothylene oxide. It may bo con- 
sidered as the cyclic ether of an nnknown, nnsaturated glycol. 

CHgOHjOH CH,CH2\ CH-CHOH CH-CHx 


Tctraruethylene 

glycol. 


I >0 

Totramethylene 

oxide. 


CH-CUOH 

(Unknown.) 


CH-CH/ 


Furfuran. 


>0 


13y the substitution of sulphur and of the NH-grouf) for oxygen in furfuran 
Tlii(>'j)JK‘n. and Pyrrole are produced. 


CU -CHx CH CHx CH-CHv 

I >0 1 > I ymi 

CH-CH/ ClI =.CI1/ CH-CH/ 

Furfuran. Thiophen. Pyrrole. 

These compounds and their derivativt^s are discussed in a later volume among 
tlie heterocyclic compounds. 


2. ESTERS OF THE GLYCOLS 

A. E filers of Inorganic Acids 

(0) Halogen Esters of the Glycols.— Tlie glycols and monobasic acids yield 
fjeutral and basic esters. The dihalogen substitution products of the paraffins 
are the neutral or secondary halogen esters of the glycols. The halogen atoms in 
them are attached to different carbon atoms. They are isomeric with the 
corresponding aldehyde halides (p. 243) and the ketone halides (p. 2(>()). 

The primary haloid esters of the glycols are the halohydrins. These are 
obtained : 

(1) When the glycols are treated wdth hydrochloric and hydrobromic acids : 

CH2OII CH201i 

I -f HCl - - I -f H2O. 

CH2OII CH2CI 

When heated with HI, reduction (occurs simultaneously. Ethyl iodide 
(p. 1()1) is obtained from ethylene glycol. The iotlohydrins can be obtained from 
the corresponding chloro- or bromo- comy3ounds bj’' the action of sodium iodide. 

The lluorohydrins are obtained from the chloro- or bromohydrins by the action 
of silver or mercury fluorides (Bull. Acad. Key. Belgicpie (Sci.) 1914, 7). 

Jty the action of hydrobromic acid on neutral glycol ethers in the cold, 
the ethers of the bromohydrins are obtained. 

(2) They are obtained also by the direct addition of hypochlorous acid to 
t he olefines, whereby the OH group becomes attached to the carbon atom poorest 
in hydrogen (J. pr. Ohem. [2J 64, 102, 387 : comp. C. 1902, i. 1310) : 

CHo CH2CI 

II -h IIOCl - I 

CiCli,)., C(CH 3)2011. 

(3) By th(^ action of halogen acids on ethylene oxide and its homologues : 

CiL\ CH2-OH 

1 \o + HCl - 1 
CH./ CH2CI 

(4) Synthetically, they can be prepared from halogen ketones or halogen 
carboxylic esters and alkyl magnesium halides (Ber. 39, 225, 3078 : C. 1900, 
1. 1584, II. 1179), c.g. : 

CHa-CO-CHaCl > (CH3)2C(0H) CH2C1. 

Ethers of the chlorohydrins are similarly obtained by the action of zinc alkyls 
or magnesium alkyl halides on aj8-dichloro ethers, the a-chloro atom alone being 
attacktul by the t)rgano-metallic compound (Bor. 40, 4992) : 

MgEtl 

CH2Cl CHC10Et CH2Cl CH(C2H5) OEt. 

(5) Chlorohydrins are obtained from the unsaturated liydrocarbons by the 
action of monochloro(iarbamide in dilute acetic acid solution (Bull. Soc. Chim. 
[4] 31, 102). 
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Ethylene chlorohydrin [glycol chlorohydrin), CHgCl-CHaOH, b.p. 128°. 
Ethylene bromohydrin, b.p. 1/50°, and iodohydrin, b.p. 78°/16 mm., are obtained 
by warming glyeol bromoacetin and iodoacetin (p. 37.1) with methyl aleohol 
(C^ 1901, 1. 1350). The iodohydrin is smoothly converted into acetaldehyde 
by warming with lead hydroxide (C. 1900, 11. 31). The jiuorohydrin is obtained 
by warming the bromoacetin with mercuric fluoride, followed by hydrolysis. 

Trimethylene chlorohydrin (y-chloropropyl alcohol, y-chloro-oi-propanol), 
CHaCl-CHo-CH.^OH, b.p. 100°, is obtained from the glycol and hydrochloric acid. 

a- Propylene glycol a- chlorohydrin, CH 3CH(OH)Cil2Cl, b.p. 127°, is 
])repared from allyl chloride by dilute sulphuric acid or by the addition of HOlO 
to ])ropylene : a-propylene glycol j8- chlorohydrin, CH gCHCl CHgOH, b.p. 
134° (C. 1903, II. 480). 

nsoButylene glycol a-chlorohydrin, (OH)C(CH3)2CH2Cl, b.p. 129°, is 
obtained from (diloroacetone or monochloroacetic acid by MgiCHa)! ; also from 
v^sobutylene and HCIO (C. 1902, I. 1093). isoButylene oxide and IICI gives a 
mixture of this chlorohydrin and ii^obutyUme glycol ^-chlorohydrin, (CIl3)2CCl'- 
CHgOH, which easily passes into ?‘&"obutylaldehyde (Ber. 39 , 2789, 3078). 

The primary haloid esters can also be considered as substitution products of 
the monohydric alcohols. Glycol chlorohydrin would be chloroethyl alcohol. 
(1) Nascent hydrogen converts them into primary alcohols. (2) Oxidizing agents 
convert them into halogen fatty acids, c.g., glycol chlorohydrin yields monochloro- 
acetic acid. (3) They form alkylene oxides, and also aldehydes, under the 
influence of alkalis. (4) Mono- esters of the glycols are produced when they 
combine with salts of organic acids ; e.g., glycol chlorohydrin and j)otassium 
acetate yield glycol mono-acetate, CHaCOO-CHg-CHgOH. (5) Potassium cyanide 
changes them to nitriles of the hydroxyacids. 

The ethers of the glycol bromo- and iodohydrin can be employed in the build- 
ing up of the neutral dialkyl ethers of the higher glycols (comp. p. 360). 

In close relation to the halohydrins stand certain substances produced by 
the action of mercury salts on ethylene (p. 104), such as ^-wdorncrciiricthanolf 
HOCHg'CHgHgl, and di-^-wdomercuriethyl ether, 0(CH2CH2HgI)2. Iodine con- 
verts them to glycol iodohydrin (above) and /3-diiodo-other, 0(CH2CTl2l)2- 
Alkaline stannic solutions react with mercury ether bromide producing mercury 
diethylene oxide, 0(CIl2*CH2)2Hg, m.p. 145°, a very stable compound, which 
requires fuming hydrochloric acid to decompose it, generating ethylene (Bor. 
33 , 1641 : 34 , 1385, 2910). 

Tlie dihalogen esters of the glycols are very im])ortaiit parent, 
bodies for the preparation of the glycols (comp, methods 1 and 4 
for the formation of glycols, p. 359). 

Methods of Formation. — (1) By the addition of halogens to the 
olehiies — t.g. ethylene gives rise to ethylene chloride, bi'omide and 
iodide : 

CH2 CHoX 

11 + X2 - I ^ ; (X -- Cl, Br, 1) 

CH2 CH2X 

(2) By substitution of paraffins and monohalogen paraffins : 

CH3 CH3 CH3 CH2CI CH2CI CH2CI. 

" ^ (Fe) 

(3) By the addition of halogen acids to monohalogen olefines. 
In this instance much will depend on the temperature, concentration, 
and other conditions, as to whether both or only one of the two 
possible isomers is formed : 

dil. HBr Cone. HBr 

CHg CHBrg < CH2 : CHBr > CH2Br CH2Br. 

(4) By the action of HCl, HBr or HI on glycols and glycol halo- 
hydrins. The second OH group will be replaced with more difficulty, 
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and at a higher temperature, than the first. Similarly, the glycol ethers 
(p. 366) are converted into the dilialides by an excess of halogen acid. 

(5) Alkylene diamines or halogen alkyl monoamines yield alkylene 

dihalides, either by the action of nitrosyl chloride or bromide (C. 
1899, 1. 25) ; or better by warming the benzoyl derivative of the amine 
with phosphorus chloride or bromide, and distilling the resulting imide 
chloride or bromide {v. Braun, Ber. 38 , 2346 : 39 , 4112 : 45 , 1970) : 
(Cli,)„(NH-COCeHs)2 (CH2)„(N : CC\C,U,)^ > {CH^)nCh + 2NC-CeH, 

The benzoyl derivatives of the cyclic imines, such as benzoyl 
piperidine, benzoylpyrrolidine (comp. p. 386), yield dichloro- and 
dibromo-paral'lins and benzonitrile by breakage of the ring, under 
the action of PCI5 or PBr^. This constitutes a convenient method 
of preparing ae- dichloro- and dibromopentane. 

(6) By the action of PCI 5 on glycols : 

(7) The chlorides and iodides can be obtained from the bromides 
by the action of mercuric chloride or potassium iodide respectively. 

Properties . — The simple dichloro- and dibromo- esters of the glycols, 
or olefine dichlorides and dibromides, volatilize without decomposi- 
tion. The di-iodides decompose readily in the light, and when dis- 
tilled break down into olefines and iodine. The ethylene dihalides 
have a very sweet, pleasant odour. 

Reactions. — (1) The dihalogen paraffins are converted into olefines 
by sodium : 

CIT/1 CHClo 2 Na biHg 

I and I “ li 

CllgCi CH 3 CH, 

c^/r^ZoParalfins, such as cycloprojnmc, incthylcyc^obutane and cyclo- 
hexane, can also be obtained from dilialogen compounds and sodium 
(Monatsh. 3, 625: J.C.S. 53, 201 : 65 , 599 ), e.g. : 

/CH2Br yBtIg 

CH 2 < + 2Na - Oil/ 1 -f 2NaJ3r. 

\CH55Br NCHg 

(2) Nascent hydrogen converts both di- and monohalogen paraffins 
into paraffins. 

(3) When digested with alcoholic potassium hydroxide, halogen 
hydride is split oil, and monohalogeii olefines and acetylenes or di- 
olefines result (pp. Ill, 115). 

(4) Suitable reagents change dihalogen paraffins into the corre- 
sponding glycols (p. 358) or their esters. Heating with water produces 
first the monohalogen h^^drins of the glycols, and finally ketones and 
aldehydes. The 1 : 4- and 1 : 5-dihalides yield also cyclic oxides (comp. 
Monatsh. 23, 64 : C. 1902, I. 628 : II. 19 : 1903, 1. 384). 

(5) Ammonia produces alkylene diamines. 

(6) Potassium cyanide converts them into the nitriles of halogen 
carboxylic acids and the dinitriles of dicarboxyhc acids. 

CH^Br CH^Br + 2KCN ^ CH 2 (CN)-CH 2 (CN) 

y CH2(C00H) CH2(C00H) 

(7) The reaction with magnesium, in ethereal solution, proceeds 
partly similarly to the reaction of the simpler halides, and partly in 
a more complex fashion. 
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Ethylene bromide and ma^nesinni react to produce ethylene and 
magnesium bromide as the jwincipal products : if the reaction is only 
allowed to take place slowly, the magnesium derivative CHoBr-CHg' 
MgBr is also formed (Ber. 38, 1296, 3259). Trimethylene bromide 
and magnesium yield principally c^eZopropane, with a very small 
quantity of the compound BrMg*[CH 2 ] 6 *MgBr (Ber. 40 , 3049). a(5- 

Dibromobutane and ar-dibromopentane and the higher polymethylene 
derivatives form the normal dimagnesium compounds BrMg*[CH 2]4 
c., 5 *MgBr when the reaction is carried out carefully, but the com- 
pounds BrMg-jCHolH or lo’MgBr are simultaneously formed. The 
magnesium derivatives of the polymethylene halides arc of great 
synthetic value. For example, pentamethylene dimagnesium bromide 
yields witli carbon dioxide, pimelic acid and eyeZohexanone. 

HO CO-tCH^ls COOH BiMg [CH2]j-MgBr >- 

Ethylene Heilides — Ethylene chloride, dayl chloride. Oil of thcDutch chemists, 
CH2C1-CH2C1, m.p. — SG"', b.p. 84^', I)^ — i-28()8, can he prepared (Ann. 94, 24r)) 
by conducting ethylene into a gently heated mixture of 2 parts of manganeses 
dioxide, 3 parts of sodium chloride, 4 parts of wati^r and 5 parts of sulphuric 
acid. It is also obtained from ethylenediamiiie and NOCl ; also from dibonzoyl- 
ethylenediarnine and PCI5 (comp. p. 371). It is insoluble in water, has an 
agi’eeable odour, and sweet taste. 

Ethylene bromide, CblgBr-CHgBr, m.p. it , b.j). 131", is formed when 
ethylene is introduced into bromine (Ann. 168 , (>4). It is also produced when 
etliyl bromide, bromine and iron wire are heated to lOO'^ (Ber. 24 , 4249). 

Ethylene iodide, CHoI-CHsb m.p. 81°, is formed on conducting ethylene 
into a paste of iodiiie and ethyl alcohol (Jahresb. 1864 , 345). 

History of the Alkylcnc Halides. — The four Dutch cla'inists, Dei man, Pacts 
ca)i Troostwyk, Boyait ayid Lanwcrcydynrgh, while studying the action of chlorine 
on ethyle/ie, first obtained (dhylene chloride in 1795 as an oily reaction product. 
Hence they called ethylene “ gaz huileux,” oily gas, a name which Fourcroy 
altered to “ gaz olefiant,” ” oil -forming gas ” (see Boscoe and Echorlemmer, Org. 
Chem., 1. G47). This plirase subsequently gave the name “ olefines ” to the series. 
Balard, the discoverer of bromine, obtained ethylene bromide in 182G by allowing 
bromine to act on ethylene (Ann. Chim. Fhys. [2] 32 , 375). Faraday, in 1821, 
prepared ethylene iodide by nct',,g on ethylene with iodine in suidight. 

Propylene halides, a^-Dihalogen jmepancs, CHgCHX-CHgX, and Trimethy- 
lene halides, (xy- Dihalogen propanes, CHgX-CHjjCHgX. The propylene lialides 
residt from the addition of halogens to propylene, and halogen acids to allyl 
nalides at 100 . Trimethylene bromide is prepared from allyl bromide and 
hydrobromic acid at —20° and, accompanied by propylene bromide, from cyclo- 
propane and bromine in hydrobromic acid (C. 1899, I. 731 : 1900, II. 4G5). 

ilgCl^ and KI change trirnethylene bromide into the chloride and iodide. 

Propylene chloride, b.p. 97°; Trirnethylene chloride, b.p. 119°. 

„ bromide, ,, 141° ; ,, bromide, ,, 1G5°. 

,, iodide, decomposes ; ,, iodide, decomposes. 

ay-Dibromobutane, CH3CHBr*CH2CH2Br, b.p. 147°, is obtained from 
/j-butyleiie glycol (C. 1902, II. 1097). 

/S5-Dibromopentane, CH3CHBr'CH2CHBrCH3, b.p. G3°/9 mm. (C. 1904, 

l. 1327). 

Tetramethylethylene chloride, (CH3).2CCbCCl(CH3)2, m.p. 159°, is pre- 
pared from pinacone and HCl (C. 1900, II. 1061). Tetrainethylethyleyie bromide, 

m. p. 149°, (decomp.), results from the action of sunlight on the nitrosobromide, 
(CH3)2CBr-C(NO)(CH3)2. This substance is prepared from tetramethylethylene 
and is'OBr (comp. p. 377) (Ber. 37, 545). It is a very volatile blue crystalline 
powder. 

Higher Homologues of the Polymethylene Halide Series are mostly 
obtained by the general methods of preparation, Nos. 4 and 5 (p. 370) (J. pr. 
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Chor.K [2] 39, 542 : Ber. 27, K. 7:^5 : 38, 2340 : 39, 1112 : C. 190:i, I. 583 : 
1904, II. 429: 1905, I. 1098: 1900, I. 443). 

Trtraincthylcnv chJoridcy Cl|C'H 2 ] 4 d, h.p. 102’; brotnidr^ m.p. — 20 ', h.p. 
82"’/! 2 rnm. ; iodide, m.p. 5-8”. 

Pcntamrtlty/cne rhloride, Cl[CH 2 l 5 Cl, h.p. IIP" ; bromide, b.p. 221" ; iodide, 
m.p. 9", b.p. 149V20 mm. 

Hexamethylene ehloride, Cl[CH 2 ]fiCl, b.p. 204 ’ ; iodide, m.p. 9*5", b.p. 103"/17 
mm. 

lleptnmethjjJene. efdoride, C 1 [CH.,] 7 CI, b.p. 120" 728 mm. ; iodide, m.p. 0", b.p. 
178720 mm.' 

)3e-Dibroinohexane, (UlaC^HBrCHo-CIIa'CHBrCIlT, is prepared from 
hexyleno glyeol (p. 305), from d'^-hexene-e-ol (butallylmethylearbinol), or from 
diallyl (p. 117) by means of liydrobromic acid. A mixture of st-ereoisomeric 
forms is obt ained, eontaining a racemic form, m.p. 38 and tlie rneso form, a 
liquid, b.p. 100720 mm. (Ber. 34, 2509: 35, 1337). 

Sodium converts these compounds into ryc/oparaOins (Vol. II), just as sodium 
and trimethylcTie bromide produce triirud-hylene. Sodium malonic esters, 
sodium acetoacetic esters, and polymothylono bromides j)roduce cvyc/oparatlin 
carboxylic est,ers (Vol. II). 

Mixed, neutral halogen esters of the glycols, containing two different halogen 
atoms, are also kjiown. 

{b) Esters of Mineral Acids containing Oxygen. 

Ethylene nitrate, ylycol dioitrate, C2H4(0'N02)2» i^s ' 1'483, is produced 
on heating ethykaje iodide with silver nitrate in alcoholic solution, or by dis- 
solving glycol in a mixture of concentrat-ed sulphuric and nitric acids : 

C2H4(()H)2 -I- 2H() N02 - 02ir4(()'N02)., + 2 H 2 O. 

This react ion is cliaract (‘ristic of all liydroxyl compounds (polyhydric alcohols 
and polyliydroxy acids). 

The nit rate is a yellowish liquid, insoluble in wah'r. It explodes when heated 
(like nitroglycerine). Alkalis saponify the (‘ster with formation of nitric acid 
and glycol. 

Glycolsulphuric arid, C 2 n 4 ( 0 II)*S 04 H, is produced on heating glycol with 
sulphuric acid. It is similar to ethylsulphuric acid (]). 1(18), and decomposes, 
when boiled with water or alkalis, into glycol and sulphuric acid. 


B, Bskrs of Carhoxiflic AcMs 

The esters of the fatty acids with dihydric alcohols or glycols are obtained 
by methods already described :— 

(1) From the haloid e.sters of the glycols: (halogenohydrins and alkylene 
halides) with salts of fatty acids : 

CHaOH CH2()H 

1 4- CHaCOoK - I 7 KCl ; 

CH 2 CI “ CIl20C()CH3 

(2) From glycols by means of free acids, acid chlorides or acid anhydrides. 

(3) They are also obtained by the direct addition of acid anhydrides to ethy- 
lene oxides, similarly to the formation of the alkylideiie esters fnan aldehydes 
and acid anhydrides (p. 244) : 

CHgx CH 0 OCOCH 3 

I >0 + (C 2 H 30)20 I “ ; 

CHg/ CEIaOCOCHa 

CH3CHO + (C2H30)20 - CH3-CH(0C0CH3)2. 

Glycol diformin, CoH 4(0'CH0)2, b.p. 89"/25 mm., is ])repared from glycol 
by a mixture of formi(^ acid and {ic('tic anyhydride (C. 1900, II. 314). 

Glycol monoacetate, Cll2(OlI)01T2OCddl3, b.p. 182", is a liquid miscible 
with water. If hydrochloric a(*id gas be led into the warmed substaiKu^ there! is 
formed glycol eldoroacetin, ehloroethyl acetate, 0H2ClCIl2*O (72H3(), b.p. 144°. 
Similarly hydrobromic acid produces glycol bromoaccMu, b.p. I(i3°, which is 
converted into the iodoacetin, b.p. 110°/6() mm., by sodium iodide and the 



374 ORGANIC CHEMISTRY 

fluoroacciin, b.p. 110", by mercuric fluoride (C. 1901, I. 1356 : Bull. Acad. Koy. 
Belg. (Sci.) 1914, 7). 

Glycol diacctate, C2H4(0 C2H80)2, b.p. 186", r\ = M28. It dissolvoR in 
7 parts of water. Glycol distearate, (\M4(OCOCj7H85)2, m.p. 70", b.p. 241 "/2 
mrn. Glycol dipalmitate, CoH4(OCOCi5H8^ ),, in.p. 72", ]).p. 226 '/O mm. 
(Bor. 36,‘4340). 

a-Propylene glycol diacetate, CHs C,2H3(O COOH3)2, b.p. 186". 

Trimethylenc glycol diacetate, (0112)3(0000113)2, b.j). 210". 

The formation of the acid osiers is well suited for the detection and deter- 
mination of the number of hydroxyl groups in the polyhydric alcohols, the 
sugars and the phenols. Benzoic esters are j>articularly especially easy to prepare. 
It is only necessary to shake up the substance with benzoyl chloride and sodium 
hydroxide in order to benzoylate all the hydroxyls (Ber. 21 , 2744 : 22 , R. 668, 
817). The formation of the nitric acid ester is also well adapted for the purpose 
(see Glycol dinitrate, p. 373) ; also the carbamic esters (urethanes) resulting 
from the action of ?’wcyanic esters (#/.?’.), especially the phenyl isocyanfite 

For carboxylic esters of unsaturated glycols, see p. 365. 

Glycol Esters of Dibasic Acids.— The glycol esters of dibasic acids such 
as malonic and adipic acids readily form polymerides of high molecular weight . 

When the number of atoms in the system R<^q is too great to permit, 

of the foriufition of a five- or six-atom ring, these polymerides are formed 
instead of the simple esters (J.A.C.S. 51, 2560: 52, 314, etc.). 

3. SULPHUR DERIVATIVES OF THE GLYCOLS 

A. Mcrcaptans. — The mercaptans corresjxmding to ethylene glycol are 
obtained : 

(1) by treating the halogenohydrins and olefine dihalides with potassium 
hydrosulphide ; 

(2) by hydrolysis of the dithioure thanes obtained from olefine dihalides and 
ammonium dithiocarbamate (Ber. 42, 4568) : 

[CH2]x(S'U‘=^-NH 2)2 + 4KOH ^ 2KCNS + [CH2ySK)2 + 4H2O. 

Morwthuj-ethylotc glycol, HvSCH2*CU20H, yields isothionic acid (p. 375) when 
treated with nitric acid. 

Dithlogjycol, <thylc}K 7n(rcapt<in, (iith/lolcthanc, b.p. 146", D = 1-12, 

possesses an odour sonudhing like that of mercaptan. It is insoluble in water 
and dissolves in alcohol and ether. It shows the reactions of a mercaptan 
(Ber. 20, 461). 

Trimctliylcne mercapkir) , H8(CH^),SH, b.p. 169" (Ber. 32, 1370). 

Tctramethylrnrflithioqlyrvl [ao-flithiolhnianc), HS*[CH2]4‘8H, b.p. 105"/30 mm.: 
pciita-, h(xa-, and decani ethylene dithioglycoU, b.p. 110"/16 mm., 118"/15 mm., 
176'"/1(» mm. (m.p. 20"). 

B. Sulphides. — [a) Alkyl Derivatives of the Thioglycols. — Ethyl 
^dtydroxy ethyl sulphide, Et8*CH2*CH20H, b.p. 184". 

Ethylene dimethyl sulphide, MeS-CHg'CHg'SMe, b.p. 183". Ethylene diethyl 
sulphide, b.p. 188". 

(6) Vinyl Alkyl Derivatives of Dithioglycol (Sulphurans). — Vinyl ethyl 
ethylene sulphide, CHg ; CH-S-CHgCHg-SEt, b.p. 214° (see under Sulphonium 
compounds, below). Diethylthiolethylene, EtS-CH : CH-SEt, b.p. 170°/13 mrn., 
is obtained from dichloroethylene and ethyl mercaptan by the action of alcoholic 
potash (Ann. 394, 325). 

(c) Thiodiglycol, H0CH2CH2-S-CH2CH20H, corresponding with diglycol, is 
also known (Ber. 19 , 3259). However, the simple ethylene sulphide, corre- 
sponding with ethylene oxide, is not known, whilst diethylene oxide sulphone, 

Pfi 

2 m.p. 130", corresponding with diethylene oxysulphido, as 

well as diethyleno disulphide, are known. 

piTT Pt-T 

(d) Cyclic sulphides: Diethylene disulphide, m.p. 112", 

b.p. 200", is formed from ethylene mercaptan, ethylene bromide, and sodium 
ethoxide. When ethylene bromide is digested with alcoholic sodium sulphide, 
a polymeric ethylene sulphide, (C2H4S)„, m.p. 145", is produced at first. This is 
a white, amorphous powder, insoluble in the ordinary solvents, which protracted 
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boiling with phenol changes to diethylen© disulphide (Ann. 240, 305 : Ber. 19, 
3263 : 20, 2967). 


Trimethylenc, disulphide^ CH2<^ •» 75° (Ber. 32, 1370). 

CH2S 

(c) Ethylene mercaptals and ethylene mercaptoles are similarly produced from 
ethylene mercaptan by the action of aldehydes, ketones, and HCl, just as the 
mercaptals (p. 247) and the mercaptoles (p. 267) are obtained from ordinary 
inercaptans (Ber. 21, 1473). 


CH.Sx 

Ethylene d ithioethylidene, | b.p. 173°. 


CH^S— SCHg 

if) Diethyletie tetrasnl2)hide, ( | , m.p. 150°, is produced by the 

CH2S SCH2 

action of the halogens, or sulphuryl chlorirle or hydroxylainine on ethylene 
mercaptan. It is a white, amorphous powder (Ber. 21, 1470). 

CH2CH2\ 

(7) Tetramethylene sidpJddc (tetrahydrothiophen)^ \ \S, b.p. 119°, and 

CH2CH2/ 

peniainethylene sulphide, b.p. 141°, form mobile liquids with intolerable penetrat- 
ing odours. They are obtained from tetramethylene and pentamethylene iodides 
and potassium sulphide (Ber. 43, 545, 3220). 


C. Sulphonium Derivatives. — Ethyl iodide and diethylene disulyihide unite 
to form the ethiodidc, 

Ethyl sulphnran, EtS-C2H4-S*CH : CHg, is produced on distilling the above- 
mentioned iodide with sodium hydroxide. The ring of diethylene disulphide is 
broken. 

The union of the derivatixes of diethylene disulphide with the higher alkyl 
iodides yields homologous compounds. By similar treatment these yield sul- 
phurans or alkyl vinyl thio-ethers of ethylene (Ber. 19, 3263 : 20, 2967 : 

Ann. 240, 305). (See B (6) above.) 

D. Sulphones. — The disulphones are produced when the open and the cyclic 
disulphides are oxidized by potassium permanganate. All sulphones, in which 
sulphone groups are attached to two adjacent carbon atoms, can be hydrolysed 
{StuffeEs lair, Bor. 26, 1125). 

(a) Open chain sulphones : Ethylene diethyl sulphone, C2H4(S02-Et)2» 
m.p. 137°, has boon obtained (1) from diothylthiolethane ; (2) from ethylene 
bromide by the action of sodium ethyl sulphinate, and (3) from sodium ethylene 
disiilphinate by the action of ethyl bromide (Ber. 21, K. 102). 

(5) Cyclic sulphones (Bor. 26, 1124 ; 27, 3043) : Trimethylene disulphone, 
m.p. 204-205°, results from the oxidation of methylene dithioetliylene. Barium 
hydroxide solution decomposes this into the acid (I). This, on boiling with water, 
forms first an internal anhydride (II), b.p. 164°, which then loses SO2 and turns 
into the sulphone (III), m.p. 20°. 

CH2-SO,v CII2OH CH2O • so CH2OH 

I “ >CHo > I > I I ^ I 

CH2— SO2/ CH2SO2CH2SO.2H CH2S02-CH2 CH2SO2CH3 

Triinethylono (I) (II) Hydroxyethyl 

sulphone. methyl sulphone (III) 

The anhydride (II) gives, on oxidation, hydroxyethyl sulphone methylene 
CH2-^0— SO2 

sulphone lactone, | 1 

CH2S02-CH2 

CH2~S02— CHa 

Diethylene disulphone, | | , results from the oxidation of diethy- 

CH2— SOa— CH2 

lone disulphide, and decomposes similarly to trimethyleiie disulphone. 

E. Sulphonic Acids. — Isethionic acid, hy dr oxy ethanes ulphonic 
acid, HO CjHi-SOsH, is isomeric with ethylsulphuric acid, CgHgO*- 
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SO 3 H, and is produced (1) by oxidizing monothioethyleno glycol with 
HNO 3 ; ( 2 ) by the action of nitrous acid on taurine or aminoisethionic 
acid (comp, formation of glycollic acid from glycocoll, p. 440) : 

HaN CHaCHgSOall + HONO - H0 CH,CH2S03H + N 2 + HoO. 

(3) by heating glycol chlorohydrin with potassium sulphite ; (4) by 
boiling ethionic acid (p. 377) with water (Ber. 14 , 64 ; Ann. 223, 
198) ; (5) from ethylene oxide and potassium hydrogen sulphite. 

Tsethionic acid is a thick liquid, which solidifies when allowed to 
stand over sulphuric acid. Its salts are very stable and crystallize 
well. Chromic acid oxidizes isethionic acid to sulpho-acetic acid. 

The har'nnn salt is aiiliydrous ; am-nwyiiinti Halt forms plates, m.p. and 

at 210-220’^ it changes to the ammonium salt of di-iHcthionir arid, 
CHoS 03NH4)2 (Ber. 14 , 65). Ethyl iscthionatc, b.p. 120" (see Her. 15 , 947). 

BClg converts the acid into chlorocthancHulj)honic chloride, C1‘CH2CH2S02C1, 
b.p. 200". This is also formed by heating ethane disiilphochloride. When h. is 
boiled with water it is converted into cldorocthaacHHl phonic acid, CH.,Cl-CHo'S03H 
(Ann. 223 , 212). 

Taurine, aminoisethionic acid, aminoetJmnesulphovic acid, 

CH2NH2 CH2NH3 

I , or I I , was discovered by in 1824 ; its sulphur 

CH2SO3H CH2SO3 

content, which had previously been overlooked, was detected in 
1846 by Rcdtenbacher, It is considered in this connection because 
of its intimate relationship to isethionic acid. It occnirs as tauro- 
cholic acid, in combination with cholic acid, in the bile of oxen (hence 
the name — ravgoc^ ox) and many other animals, and also in the dif- 
ferent animal secretions. It can be obtained from the shell-fish 

Haliotis, J. Biol. Chem. 33, 499. 

It is formed when taurocholic acid is decomposed with hydro- 
chloric acid (Preparation, see Biochern. J. 21, 1065) : 

CH2-NH(C24B3«04) HCi CH2-NH2 

1 ~7 6^24^^4ot^5' 

CTi 2 S() 3 H ^*0 CH 2 SO 3 H 

Taurocholic acid. Taurine. Cholic acid. 


It Cun be prepared artificially by heating chloroethanesulphonic 
acid, CHaChCHgSOgH, with aqueous ammonia (Kolbe, Ann. 122, 33). 

Ethylene or ethyl alcohol combine with SO3 to give carbyl sulphate, a deriva- 
tive of isethionic acid. The following diagram shows the course of the synthesis : 


CHa'OH 

I 

CH 3 

Alcohol. 


^.so, CH,-OSO,\ 

I >0 

ClIj-SOu / 
Carbyl sulphate. 


H 2 O 


Cold 


CH 2 OSO 3 H 

I 

CH 2 SO 3 H 
Ethionic acid. 


H 2 O 



Uot 


CH 2 OH 

I 

CHjj-SOjH 
Isethionic acid. 



CHj-Cl H.O CH,C1 NH, CH,NH, 

! ^ I > I 

CHjSOjCl CHj-SOjOH CHjSO^H. 

Chloroethanesulphonic Chloroethanesulphonic Taurine, 

cliloride. aeid. 


Taurine also results when othylenirnine is evaporated together with sulphurous 
eicid. 



SULPHUR DERIVATIVES OF GLYCOLS 


377 


Taurine crystallizes in large, monoclinie prisms, m.p. (deeomp.) 
c. 240°, insoluble in alcohol, but readily dissolved by hot water. It 
contains the groups NHg and SO3H, and is, therefore, both a i)ase 
and a sulphonic acid, but as the two groups neutralize each other, 
the comj)ound has a neutral reaction. It may, therefore, be considered 
as a (cyclic ammonium salt, as indicated in the second constitutional 
formula. It can form salts with the alkalis. It se})arates unaltered 
from its solution in acids (see Glycocoll). 

Nitrous acid converts it into isethionic acid (j). 375). Roiling 
alkalis and acids do not affect it, but when fused with potassium 
hydroxide it breaks up according to the ecpiation : 

NlI.CH.CHaSOaK + 2K()H CH3CO.av + K.SOg 1 NII3 f Ho. 

Taurino iniroduruxl into iho animal ooonoiny is axcretod in tlio iirino as 
taiirocarbainlv acid, N HoC()NH*CHo*CH.,-S()..H. 

CH“— Nil 

A}}hydrota(iri}ic, | | , m.p. 88^’, is formad })y tha aation of ammonia 

CHo -SO2 

on aliloroatliano sulphochlorida, or on athana disulphochlorida (C. 1808, 1. 20). 
CHo -N(CH3)3 

Taurohctainc, \ ( , is prepared by methylating taurine, and is 

CH2 -SO2O 
analogous to betaine 

Ethioaic arid, The eonst itution of this acid wf)uld indicate 

it to be both a snlplionie acid and primary suljdniric ('star. Tt is therefore 
dibasic, and on boiling with water readily yi(0ds sulphuric and isethionic acids. 
It results when carbyl sul})hat.a takes up water. 

CH, -() -S()o\ 

Carbyl sulphate, | \0, the anhi/dridr of cth.ionlc acid (Ann. 223, 

CHo -SO./ 

210), is formed whan the \’a|)Ours of SO3 are passed through anhydrous alc*ohol. 
It is also produced by the direct union c^f ethylene m itli two molecules of SO3. 
CH2SO3H 

Etha)iedisulpho)iic acid, | , m.p. 100", may be prepared from glycol 

CH2SO3H 

mercaptan and ethylene thiocyanate by means of concentrated nitric acid ; by 
the action of fuming .sulphuric acid on alcohol or ether ; or by boiling ethylene 
bromide with a concentrated solution of potassium sulphite. It is easily soluble 
in water. Reduction with zinc dust, see Rer. 38, 1071. 

Ethane disulphochloridc, 8()2ChCH3’CH2-SOoCl, m.p. 98", by the action 

CH2SO2H 

of zinc dust, forms the zinc salt of cthanedisalphinic acid, | . The 

CH2SO2H 

di.sulpliochloride, like the chloride of propane-ajS-disulphonic acid, CH3CH(S02C1)- 
CH2S()2C1, m.p. 48", easily gives up SOo ; whilst the chloride of propa}ic-ccy- 
disalphcniic acid, (^H2(CH2S0.2C1)2, is more stable (Ber. 34, I14()7 : 36, IU)2()). 
This is in accordance with Staffer's rule (p. 375). 

4. NITROGEN DERIVATIVES OF THE GLYCOLS 
A. Nitroso- compounds. 

The addition-products of the olefines with nitrosyl chloride belong to this 
group (comp, the Terpenes, Vol. II). 

Tetrarnethylcthylenc yiitrosochloride, (CH3)2C(NO)-CCl(CH3)2, m.p. 121", is pre- 
pared by adding sodium nitrite to tetramethylethylene in an alcoholic solution 
of hydrochloric acid in the cold (Ber. 27, 4.55 : R.. 467). It has a blue colour, 
and a somewhat penetrating cainphor-liko odour. 

If the nitroso group in these cornj)ounds is attached to a primary or secondary 
carbon atom, they readily undergo tautomeric change to es'onitroso-coinpounds, 
which are treated later as oximes of the nitro-ketones, e.g. : 

Me2C(N02)*CH(N0)-CH3 > Me2C(N02) C( : NOH) CH3. 
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B. Nitro Compounds. 

Only the inononitro compound derived from glycol, ^-nitroothyl alcohol, is 
known. The nitro- derivatives of the alcohols are obtained by the interactioti 
of silver nitrite and the halogenohydrins, and by the fHmdensation of the primary 
nitroparaffins with aldehydes under the influence of dilute potassium bicarbonate 
or potassium hydroxide solutions (C. 1899, 1. 1154). 

^-Nitroethyl alcohol, CHgNO^dtHgOH, b.p. 120°/55 mm., forms a heavy 
oil (Ber. 53, 208). ^-Nitrocthyl 7iitralc, CH.^NOo-CHg-ONOo, b.p. 120-122''/17 
mm., and f 7 /; 7 co/ dinitraic^ CH 2 ( 0 -N 02 )*CH 2 * 0 N().^, b.p. 105"/19 mm., are produced 
by the union of ethylene and nitric acid (Ber. 53, 200). 

/S-Nitropropyl alcohol, OH 3 CH (NOojCHoOH, b.]). 12B/22 mm. Nitro- 
v.scpropyl alcohol, CH 3 CH(0H)CH2N02l b.p." 112 /80 mm., Ihg ^ 1191 (Ber. 
28, R. 00(5) (see also Nitro-oleflnes, p. 182). y-Nitropropanol, 

CH 2 NO 2 , b.p. 139732 mm. 

For nitro -alcohols containing 4, 5, and 6 carbon atoms, see 1897, II. 337 : 
1898, I. 193. For dinitro- and halogcn-nitro-componnda, correspoufling with the 
glycol .series, see j^p. 182, 185. 


C. Amines and Ammonium Compounds of the Glycols. 

There are two series of amines, derived from the glycols, and 
corresponding with the two series of glycolates, esters, tnercaptans, 
etc. : 

HOCH 2 CH 2 OH, HOCH 2 CH 2 NH 2 , and NH 2 (dl,CH 2 NH 2 . 

Glycol. Ilydroxycthylamitic. Idle l(‘tir“ diamine. 

The amines of the glycols fall into two classes : (1) The hydro xy- 
alkylamines and their derivatives ; (2) the alkylene diamines and 
their derivatives. 

(I) Hydroxyalkylamines and their derivatives. — Methods of 
formation: (1) action of ammonia on the halohydrins ; (2) by the 
union of ammonia and alkylene oxides in the presence of water (Ber. 
32, 729: C. 1900, II. lOlVd). In these two reactions the prociucts 
are primary, secc)ndary, and tertiary hjTlroxyalkyl bases, e.g. : 


I >0 h Nllg — I Hydroxy ethyl amine. 

CH./ CH2-NH2 

21 p>0 i- NH3 -- CH2(0H)-CH2^^^ Dihydroxydiothylamiuo. 


CH2\ CH2(0H)CH2\ 

3| >0 d- NH 3 - CH 2 ( 0 H)-CH 2 - 7 N Trihydroxytriethylamine. 

CH 2 / CH2(0H)-CH2/ 


These three bases are best separated by di.stillation under reduced 
pressure (Ber. 30, 909). They were discovered by Wurtz and closely 
investigated by Knorr. 

(3) by reduction of nitro-alcohols (see above) hydroxyacid nitriles, 
amino-ketones or i-sonitro so -ketones (Ber. 33, 2829, 3169 : C. 1908, 
I. 1676) ; 

(4) hy the action of sulphuric acid on allylamine with addition 
of water (Ber. 16 , 532) ; 

(5) by the application of the phthalimide reaction (p. 189). Alky- 
lene halides are allowed to act on potassium phthalimide, the reaction - 
product being heated with sulphuric acid to 200-230'' : 


( CO-^ 


NCH,,*CH,Br- 


p-rr (COOH , NH 2 CH.,CH..()H 
'-^6^4 i HRr. 
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The course of the alkali hydrolysis of the bromoalkylphthalimides 
is discussed in Bor. 38, 2404, etc. 

The amino -alcohols are also obtained by the direct a(*tion of 
alkylenc oxides on free phthalimidc, followed by hydrolysis of the 
y)r()duct (Ber. 50 , 819). 

(6) The dialkyhimtno -alcohols {Alkarnmcs) are formed by the action 
of secondary amines on halogenohydrins and alkylenc oxides, and 
from dialkylarninoacetic esters, dialkylaminoketones and amino-acid 
esters by tlie action of the magnesium alkyl halides (Ber. 39, 8)0: 
J. Pharrn. Chim. [7] 2, 56 : Z. physiol. Chom. 160 , 1) : 

NKt-.-CHo COOKi 

The alkarniiies are thick, strongly alkaline liquids which partially 
decompose on distillation. They are separated by fractional cTystai- 
lization of their hydrochlorides and platinochlorides. 

The alkamines and their carboxylic esters {Alkcives) fr(‘,quently 
possess physiological activity (C. 1904, I. 1195: 1901), 1. 1584). 

Stovaine, the hydrochloride of the benzoate of dimethylaminopeiitanol, 
C,H 5 -CMo( 0 -CbCoH 5 )-CH.,NMeo,HCl, which is used ‘as a local ana^^s- 
thetic in place of cocaine deserves mention i?i this cf)nnection. 

Hydroxy ethylamine, cholamine, [i-ayninoethanoh OH dJHd ^ H o- 
NHo, b.p. 171°, and the homologous alkamines, CH.OH-OH-NHR 
and CHaOH-CHa-NRR', are best prepared by the additiem of ammonia 
or the appropriate amine to ethylene oxide in aqueous solution (Ann. 
315 , 104: 316 , 311 : 0. 1908,* II. 121, 1706). Hydroxyethylamine 
is also obtained by tlie putrefaction of serine (Biochem. Z. 95 , 281). 
DirnethylaininoeiJumoh NlVre.d"^H.^-CH.OH, is formed as a breakdown 
product of a-methylmorphimethine Alkaloids, Vol. 111). 

Choline, hydroxyethyltrimethylai^ u m hyd roxi de , hilme n rine , 

Sincalin, HOCH 2 *CH 2 -N(CH 3 ) 3 ()H, is quite widely distributed in the 
animal organism, especially in the brain, and in the yolk of egg, in 
which it is present as lecithin (q.v.), combined with glycerophosyhioric 
acid and fatty acids. It is present in hops, hence it occurs in beer. 
It has also been found in the plant, Strophanthas, It is obtained, 
also, from sinapin (the alkaloid of Sinapis alba), when it is boiled 
with alkalis (hence the name sincalin). It occurs, together with 
muscarine, (HO) 2 CHCH 2 N(CH 3 ) 30 H(?) (Ber. 27, 166), in fly agaric 
( A rgaric us m uscariu s ) . 

History. — A. Strcclccr discovered this base (1802) in the bile of swine and 
oxen. He gave it the naine choline, from bile. Liebretch obtained it fi’orn 

protagon, a constituent of the nerve substance, and at first named it nrurine, 
from vevpov, nerve ; this he later changed to bUincnrinc, to distinguish it from 
the corresponding vinyl base, which continued to bear the name firnrine. The 
constitution of choline was explained by Bacyer, and Wnrtz showed how it might 
be synthetically prepared by the action of trimethylamirie on a concentrated 
aqueous solution of ethylene oxide : 

01T.>x (dL,on 

1 ‘ >() + H30 + N(CH3)3- I 

Cll/ CH 2 N(CH 3 ) 30 H. 

Its hydrochloride is produced from ethylene chlorohydrin and 
trimethylamine. Ethylene bromide and trimethylamine at 110-120° 
produce bromoethyltrimethylammonium bromide, which on heating 
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with water at 160^, gives choline hydrobromidc, HOCHoC-HoN(CJI) 3 Br 
(Ber. 36, 2901). 

Choline deliquesces in the air. It possesses a strong alkaline 
reaction and absorbs CO 3 . Its platiinim double salt, (C,r,Hi 40 NCI) 2 *- 
PtCl 4 , crystallizes in beautiful reddish-yellow plates, insoluble in 
alcohol. Choline derivatives, see Ber. 27 , R. 738 : Bull. Soc. Cluin. 
[41 15 , 544. 


has a ]>(>\vrrfiil, tliou^h <(Mn]K)rai*v, dopnvssanl, offoct. on Mio 
bloo(] pressure : it also causes muscular contraction and may he concernetl in 
the reputation of intestinal peristalsis. It. has recently betai isolated from ttie 
spleen (J. physiol. 68, 07). 

\soChoIin(\ CIl 3 *CH(()H)-NMe 30 H, is obt ained from aldehyd('-ammonia (Ber. 

16, 207). 

The three homochoj int s, HO [rH 2 |;rNM('.,()H, B() (4J .yCHMe-NMe/ )H and 
HO-t'HMe-CHo-NMe.^OH, have been prepan'd (Ber. 22, ,‘h‘]21 : Z. physiol, (diem. 
67, 35; J. Biol. Chem. 10, 399: Zeit. Biologic. 57, 1). 


Neurine, rinyliriwethjfh^aimovinm hydroxide, .'CH-NMegOIl, 
is })rodnced from choline by putrefaction, or by boiling with barium 
hydroxide solution. It has also been isolated from Itrain tissue. It 
occurs among the ptomaines, which are produced by breakdown of 
protein, particularly in dead animal tissue. It may 1 )(‘ obtained from 
the bromide corresponding with choline (obtained by treating ethylene 
bromide with trimethylamine), and the iodide (restdting from the 
action of HI on choline) when they are subjected to the action of 
moist silver oxide : 


! 

Choline. 


2HI CHJ 

I 

eH,N(CH3),l 


ARjO 2 

>■ II 

H='> CHN(CH2),,0H. 

Neurine. 


Contrary to choline, which is harmless, neurine is exeeedingly 
poisonous. 

CO — O 

Betaine, triauthylglycocolL cxyneurinc, | | , is allied 

to choline and neurine, from which it is obtained by oxidation {Licbreich, 
Ber. ?, 13) : 

CH2OH 00 COOH _no CO-O 

I — ^ I ^ I I 

CH 2 N(CH 3 ) 30 H B CH2N(CH3)3. 

Choline. Betaine. 


As it is a derivative of arnino-acetic acid it will be more closely 
examined, in company with other betaines, with the amino-fatty 
acids. 


jS- Amino -ethyl ether, (’ 2 H 5 OCH 2 CH 2 NH 2 , b.p. 108'', is obtained from 
^-ehloro- or ) 3 -bromo-ethylamino by means of sodium aleoholate. 

^-Dimethylamimtethyl ei/nr, C 2 H 30 CH 2 *CH 2 N(CHa) 2 , b.p. 12B, oeeurs in the 
breakdown products of various morphine bases (Vol. II : Alkaloids) (Ber. 37, 
3504 : 38, 3150). 

Dihydroxy diethylamine, NH (CH^ClIgOH),, m.p. 28’’, b.p. 270"/ld0 mm., is 
proj)ared from ethylene oxid(^ and dibromodiethylamine. 

^-Diaminoethyl ether, 0 ((JH 2 CH 2 NH 2 ) 2 , b.p. 183 184", is obtained by the 
break-down of its diphthalyl deriv^atives, which, in turn, are prepanul from diido- 
ethyl ether and 2 molecules of potassium j)hthalimide (Ber. 38, 3411). 


Diethyleneimine oxide, 7norj)holine, 0<^ 


CH2-CB 

CHgCH 


^^NH, is produced when 
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(libydroxyethylainino is heated to 100” witli sulphuric acid, and distilled with 
potassium hydroxide ; also, from diiodo(‘-tliyl (dlitu* (p. 370) and toluenesul- 
j)honamide (Vol. 11), and suhs(^fju(‘nl. decomposition of the toluonesuljdio- 
morp}K)lino formed (Her. 34, 3(>0(>). S('o Ber. 22, 2081, for homologous mor- 
'phohuc.s. It was assumed that the same atomic grouping exists in morphine 
as in morpholine, lienee tlie name. 

Trihydroxytriethylamine, N (CH.CH.OHa), b.p. 278^ 

Homologous amino alcohols. 

Oi-Amiiio-^-proparml, CIL^(dl(()H)-CHo(NH2), b.p. 101"^; oL-amino-p-hutanoK 
CH3Cn.2CII(OH)CH2*NH2, b.p. 204", fi-amhm-y-pcnlauoU CH,(:H2CH(0H)CH- 
(NH 2)011 3, b.p. 174°, etc., an' prepared by reduction from the corresponding 
nitro-alcohols ; a-amino-)3-propano] and j8-amino-y-})utanol, CH3CH{0H)CH- 
(Nll 2)0143, also from the corresponding asonitroso -ketones ; a-amino -/3-butanol 
and /3-amino -y-pentanol also from the corresponding amino-ketones (Ber. 32, 
1005: 33, 3100: 37, 2480: O. 1002, I. 710, 717). 

Oi-Ainino-h-hutanoly 0tl2(^^l)’[0H2]20H2(N 11.,), b.p. 200°, is produced from 
y-cyanopropyl alcohol by sodium and alcohol (Ber. 33, 3170) ; methyl ether 
(Ber. 32, 948). 

Diaeetoue alkam'niey (CH3).2C(NH2)-CH2CH(()11 )011 3, b.p. 175°, results on 
reducing diacetonamint* (p. 274) (Ann. 183, 200 : Ber. 30, 1318). 

y-Aiuhto-^y-di tu(‘th,yl- ^-butanol (‘‘ TetranielhylhydroxyetJeyla tn ine ”), CMe2()ll-- 
CMe2NH2» b.p. 103‘ , is obtained from tetramethylethyleiio oxide and ammonia : 
like pinacone, the corr(\sponding glycol, it yields a hexahydrate, m.p. 31" (C. 
1908, I. 810). 


Homologous hydroxyethylamines, see C. 1908, I. 1257. 

For homologous alkamines, H(‘e Ber. 14, 1870, 2400 : 15, 1143 : 28, 3111 : 
29, 1420, etc. 

(6) Halogen Alkylamines. — In the free state these bodies are soluble in 
water and not very stable. They easily change to salts of the (cyclic imines, 
e.g. e-chloroamylamine, C1CH2(CH2)4NH2, yields piperidim^ hydrochloride, 

(dl2-(rH2)4NHTICl. On the transformation of tert.-fi- and y-chloroalkylaininos 
into ])ij)ia-azoiiiuTn bromide.s. see ]>. 3^7 

Formation : (1) The adiiition of a halogen acid to unsatiuatnd amines, like 
vhiyl- or allylamine, p. 199 (Bta*. 21, 1055: 24, 2027, 3229: 30, 1124). 

(2) By the action of halogen acids on hydroxyaikylamines. 

(2a) By mixing the nitriles of the halogen substituted acids with sodium 
phenolate, reducing and heating with a halogen acid (Ber. 24, 3221 : 25, 415) : 


('1CH2CH.2CH.,CN -f- NaOC^H^ - CeHaO CH^CH^ClI^CN + NaCl 

4Ji 211C1 

(:«lf,()CH..[CH2]oCN ^(;jf,/OCH2f(TI.,]2CH2NH2 ^01CH2[CH2l3NH2-Ha. 


(3) From iinidochlorides, which result fioni the action of BCl^ on the alkylene 
dibenzoyl diamines (p. 371), by distillation under reduced pressure' (Ber. 38, 
2340). 

(4) Wluai the halogen alkyl phthalirnides are heated witli halogen acids (Ber. 
21, 2005: 22, 2220: 23, IK)), e.g.: 

C,}i,{CO),^AmxCliJ5v C«H4(C()OII).2 + BrCIl2-CH..NH2-HBr. 

20 at) 

lironioctliylphthaliinide. o-Phthalic acid. 


Chloro-y hromo-, iodo-eihylamine, ICH2('H.,NH2, are known; transformation of 
bromoethylamine into ethylene imine, see p. 380. p-Chlorocthyldimethylamine, 
C1CH2CH.2N-(CH3)2, b.p. 110°, is an oil. Its aqueous solut ion clianges on keeping 
or eva])oratlon into tetramethylpiperazonium chloride (p. 387) (Ber. 37, 3507). 

P-Bromopropylaymne, CH^CHBrCHaNH.^, results as hydrobromide from boiling 
allyl mustard oil' with hydrobromic acid (Ber. 32, 307). y-Cdiloropropylditm thyl- 
amine, (3CH.2CH2CHoN(CH3)2, b.p. 135° (Ber. 39, 1420). y-Bromo propylamine. 


liru M 2V xa 2* 

B-Brorrwbutylamine, CH3CTl2CHBrCH.2NH.2. y-Vhlorobutylamine, CHgCHCb- 
CH2CH0NH2 (Bor. 28 , 3111 ). “ ^-Chlorobiitylamine, C1CH2[CH2]2*NH2. 

€-Chloroamylamine, CICH .[CH 2]4NH2. p-MethyFe-ehloro-n^amylamine, CHg- 
C1[CH2]2CH(CH8)CH2NH2. ^-n-Bropyl-e-ehlvro-ii-amylamine, CH2C»[CH2]2CH- 
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(C 8 H 7 )CH 2 NH 2 (Bor. 27, 3509 : 28, 1197). The last four compounds readily lose 
hydrogen chloride and form respectively pyrrolidine, piperidine, jS-pipecoline 
and 3-pro})ylpi])eridine. 

^-(.^hh)r()h(\vnl(unitu\ (I'lCHoleNllo, and 7]-rhIorr>hcjdyl(tniiii,(., Cl*[Cll 2 17 NB 2 , are 
obtained from the alkylene dibeiizimidochlorkl(‘s (Method 3, alK)v^(>) and readily 
form cyclic bases. 

PP'-DibronwdieihyIamint\ (Br-CH 2 -CH 2 ) 2 NH (Bor. 30 , 809). 

(c) Sulphur Derivatives of the Amino-alcohols . — niinocthyl mermptan, 
CHjSH-CHgNHg, m.p. 100 ' , is obtained by the action of potassium hydrosulphido 
on broTnoothylphthalimide, and hydrolysis of the product by hydrochloric acid 
(Ber, 45, 1643). 

The following sulphides have been prepared from bromoetliylplitlialimide, 
and converted into their sulphoxides and sulphoiies. 

Mdfiijl ^-aminovtliyl sulphide {^-Methyltliioletliyhitninc) MeS-CHg-CHgN H 2 , b.p. 
14 7"" : and its sulphoxide and sulphone. 

Ethyl ^-a/niuocthyl sulphide^ KtS-CHgCHoNH.,, b.p. 163'\ 

-D Ian vi nodiethyl sulphuie, (NH 2 -CH 2 -Cii 2 -)^* b.p. 232 ' : its sul))hone. 

Diaminosulphonal, (NH 2 *CJ:l 2 CH 2 SO.,) 2 CMe 2 , m.p. 85^^ (Ber. 22, 1138: 24, 
1112, 2132, 3101: 35 , 1372: Ann. 386 , 332). 

Taurine, NHg-CHgCHg SOaH, lias already been dealt with (p. 37<)). 

II. Alkylene Diamines. — The divalent alkylene groups can ]*e- 
place two hydrogen atoms in two ammonia molecules, with the ])ro- 
duction of primary, secondary and tertiary bases. These are di-acid 
bases, and form salts by direct union witfi two equivalents of acid. 
The occurrence of tetramethylenediamine (put reseine) and penta- 
rnethylenediamine (cadaverine) among the products of putrefaction 
of protein (Ptomaines) is of interest. They are formed by simple loss 
of carbon dioxide from the diamino acids ornithine and lysine. 

NH 2 -rCH 2 ] 4 -OH(Nn 2 )COOiI NH 2 lCH2]5-Nir2 + CO.. 

J.ysioe. ('u(lavoriri<*. 

XH 2 -LCTl 2 ].vCB(NH 2 )C 001 l ^ NH2lCH2]4*NH2 + CO 2 

Oriiitliine. Putrescine. 

Vonnation. — (1) The}^ are prepared by heating the alk 3 dene brom- 
ides with alcoholic ammonia to 100^ (p. 187) in sealed tubes : 

BrCH. CHjBr 

broiuidB. Ktliyleiiediaiiiiuo. 

IJBiCH.CHjBr + 4NH3 - + 2 NH 4 Br 

nicthylcnediaiiiiiio. 

iiBrCH^ClI^Br |- (iNHa - N^*C3H.~/N-2HBr + 4Nll4Br. 

Trietliyleuediamine. 

To liberate the diamines, the mixture of their hydrobromides is 
distilled with KOH and the product is then fractionated. 

(2) The reduction of (a) alkylene dicyanides or nitriles of dicar- 
boxylic acids {q.v.) with metallic sodium and absolute alcohol (see 
p. 190 and Ber. 20 , 2215) : 

CN CH 2 NH 2 CH 2 CN CH 2 CH 2 NH 2 

I + HH = I ; 1 -1- 811 - 1 

CN CH 2 NH 2 CHgCN CH.yCH2NH2. 

Dicyauogeu. Ethylene- Ethylene- Tetrainethylene- 

diainine. cyanide. diamine. 

{h) By the reduction of the oximes, (c) of the hydrazones of the 
dialdehydes and diketones, and [d) of the dinitroparaffins. 
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In some of these reductions cyclic irnines have been observed ; 
tluis, in the reduction of ethylene cyanide in the presence of tetra- 
metliylene diamine, tetramethyJene imine is formed. 

(3) From dicar boxylic amides, bromine and alkali hydroxide (Ber. 

27, 511) (p. 191). 

(4) From dicarboxylic azides (J. ja*. Cliem. [2] 82, 189). 

(5) From alkylene diphthalimides on heating with HCl, or better 
with KOH : 


c«H4((:o),N[CH,i,N(C()),(\,h, 


111,0 


J 1 ( M - NH.C H .,( ^H,( : H .Nil JIC] 

'I'rimothylciu-diuiiiinchydrochloride. 


(0) From diamino- mono- and di- carlioxylic^ ac'ids by dry distilla- 
tion (C. 1905, II. 463) : 

CKoCH 2-CH (NHo)CO( ) K CH 

I - I + 2C:(X. 

CH2-CH2-CH(NH2)(X)()H (JlI^CHgCH.NH, 


Propf rhe^s . — The alkylene diamines are liquids or low-melting solids 
of peculiar odour, which, in the case of those that are volatile, resembles 
tiuit of ammonia, and recalls that of piperidine. They fume slightly 
in the air, and absoi'b carbon dioxide. It is found that the melting 
j)oints of the homologous series are not regular in their increase, but 
those of members containing an t^ven number of C atoms are higher 
than of those containing an uneven number. The boiling points, on 
the other hand, show a regular increase (J. pr. C3iem. [2] 62, 192 ; 
C. 1901, I. GIO). 

Rmciio'iis . — Alcohol and acid radicals can ])e introduced into the 
amino-groups of the diamines in the same manner as in the amino- 
groups of the monoamines (Action of formaldehyde, see Ber. 36, 35). 
The production of the dibcnzoyl derivatives, e.g. 0oH,(NHC0CcHr,)2» 
u])on shaking with benzoyl chloride and sodium hydroxide, and the 
formation of phenylureas, (CH 2 )n(NH-CO-NHCcHr,)o, by the action of 
phenylesocyanate, is well adapted for the detection of the diamines 
(Ber. 21, 2744 : C. 1905, 1. 274). On the conversion of the alkylene 
di benzoyl diamines into chloroalkylamines and alkylene dichlorides, 
see ]). 371. Nitrous acid converts them into glycols, at the same 
time unsaturated alcohols and unsaturated hydrocarbons arise (Ber. 
27, B. 197). 

Further, the diamines unite directly with w^ater, forming very 
stable hydrates, which only lose water when distilled over potassium 
hydroxide. 

The diamines form well -characterized derivatives vitii metallic 
salts, corresponding to the metalammines, in which one molecule of 
diamine takes the place of two molecules of ammonia (r/. Ber. 44, 
3319 : 45, 194). 

The diamines show a great* tendency to ])ass ovei* into hetero- 
cyclic compounds : thus, (cyclic irnines are formed by loss of ammonium 
chloride when their hydrochlorides are distilled : 


r^u ^ tUl2 CH.2 NH2, HCl 
HCl 


NH, HCl -h NH,C1. 

(Foi* other exam})les of the formation of heterocyclic lings, see 
under Ethylenediamine.) 
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Methylenediamine, CH 2 (NH 2 ) 2 » is very unstabh^ in tlio form of thn free 
base. Its salts ai'o obtained by hydrolysis by mineral acids of metiiybaiediforin- 
aini(l(‘, obtained by the condensation of formamide with triox vmethyhaH^ (Her. 

47, 

-'NH 

Ethylenediamine, CoH 4 <^^r|_| m.]). 8-5 ’, b.j). combines with water 

to form the hydrate, in.p, Hl"\ and b.p. 118”. It- reacts strongly alkaline, and has 
ail ammoniacal odour. Nitrous acid converts it. into ethylene oxide. 

Kthylcncdiaitrawine, NOgNlirH.^-CHgNHNOg (Her. 22, K. 1595). ThdouyJ- 
ethylened'unnhu'y SO : N-Ciig-CHg-N : SO, ni.p. 5”, b.p. 10U”/25 mm. (lior. 30, 
1009). 

Ethylenediamine and a^-propylenediamiiie, like the orf/m-diarnines of the 
benzene series, combine with orthodiketones, e.q. phenanthraquinoiie and benzil, 
to form pyrazine derivatives, similar in structure to the quinoxalines. They 
also unite with the benzaldehydes and benzoketones (Her. 20, 279 : 21, 2358). 
Action on ethvlenediamine of CSCI 2 (Her. 27, l()t)3), and of aldehydes {C. 1899, 
1. 594 : Her. 40, 881). 

Diacctylcthyloicduiminc, m.p. 172°, consists of colourle.ss needles. When this 
compomnl is heated beyond its melting point, water splits off, and there follows 
an inner condensation that leads to the formation of a cyclic base, methyl qloxali- 
di)ie, which under the name Ey.s/t/iac, m.p. 105°, b.p. 223°, has been recjommended 
as a solvent for uric acid (Her. 28, 1 17()). The corresponding yjropylene, trimethy- 
lone and tetramethylene diamine derivatives react similarly (Her. 36, 338) : 

CHoNHCOCHg CHvNHv 
1 “ - I “ + CH.jCOoH. 

CH 2 NHCOCH 3 CH 2 -N- ^ 

Diiicetyldiethylcne- MethylglyoxalidiiU!. 
diainiiu'. 

CH3-CHNH2 

Propylenediamine, 1 , b.p. 119-120° (Her. 21, 2359), has been 

CHoNHo 

resolved into ojitically acti\ e components bv means of (/-tartaric acid [aju i 29*7” 
(Her. 42, 55). 

/3y-Diaminobutane, b.p. 5G-()0°/55 mm. (hydrate), is obtained by catalytic 
reduction of dimethylglyoxime (0. 1927, 1. 58). 

Trimethylenediamine, NH 2 (CH 2 ) 3 NH 2 , b.p. 135 139° (Her. 17, 1799: 
21 , 2970), has been prepared by general methods 1, 3, and 4 (from glutaric diazide) 
and (2d) by reduction of ay-dinitropropane (y). 189). 

)38- Diamino -/3-methylpentanc, (CH 3 ) 2 C(NHo)CH 20 H(NH .JCHy, is ob- 
tained from diacetoneamine-oxirne (p. 274) by reduction witli sodium amalgam 
(Monat.sh. 23, 9) ; also by reduction of acetyl acetone dioxime with sodium and 
alcohol. J:}y the second method a labile a-diamiiio comyiound, b.yj. 47°/20mm., 
i.*. yjroduced which is converted into the stable com[)ound, b.p. 44°/22 min., by 
prolonged boiling with alkalis. Both bases yield cyclic ethonyl amidines when 
heated with acetic acid (see above) (Ber. 32, 1191). 

Tetramethylenediamine, putrescine^ oLh-diarninobutane, NH 2 [CH 2 ] 4 NH 2 , 
m.p. 27°, is obtained from ethylene cyanide by general methods 2a and 2b from 
succinaldohyde dioxime (yj. 408) (Ber. 22, 1970 : 40, 3872). It is found in the 
urine and fseces in cases of cystinuria. Tetrarnethylteiramethylenediatnine, 
(CH3)2N-[CH2]4-N(CH3)2, b.p. 169°, occurs in Hyosryamus^ Henbane (Ber. 40, 
3899). 

Spermine (N N ' -Di -y-a}nlfiopro])ylpntrescine), NH 2 *[CH 2 ] 3 -NH'[CH 2 ] 4 -NH-- 
[CH 2 J 3 -NH 2 , was first obtained from fresh human semen by Schreiner. It can 
be obtained synthetically from jiutrescine and y-iodoproyiylphthalimide (Z. 
yjhysiol. Chem. 163, 219). It was first synthesized by Dudley, Kosenheim and 
Starling by condensing putrescine with phenyl y-bromopropyl ether, reyilacing 
the phenoxy groups in the resulting comyiound with bromine by the action of 
hydrobromic acid, and then acting on the dibromo -compound with ammonia 
(Biochern. J. 20, 1091). 

It forms a very characteristic symringly solulile crystallim; yjhosphate. 

Spermidine is a simyjlor base, NH 2 -[CH 2 ] 3 -NH-[CH 2 ] 4 -NH 2 , which accom- 
panies spermine in many tissue extracts (Biochern. J. 21, 97). 
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aS-Dlamlnopentane, CH3-CH(NH2)-[CH2]3-NH2, b.p. 172°, is obtained by 
reduction of pyrotartaric nitrile. 

aS-Diamino-^-methylbutane, NHaCHg CHMe CHa CHaNHa, b.p. 173°, is 
obtained by reduction of pyrotartaric nitrile, or by the action of hypochlorite 
on jS-methyladipic amide (Ber. 28, 2954: D.R.P. 216808: C. 1910, I. 311). 

^e-Diaminohexane, b.p. 176°, is 

formed by reduction of the diphenylhydrazone of acetoiiylacetone. It exists 
in two stereoisomeric forms which are characterized by their benzoyl derivatives 
{cc-Dibenzoyl derivativey m.p. 238°, )3-, in.p. 183-185"') (Ber. 28, 379). 

aS-Diamino-)3-methylpentane, CH 3 CH(NH 2 )CH 2 CH(CH3)0H2NH2, b.p. 
175°, is obtained from a-methyl hevulindialdoxime (p. 408) according to method 
of formation 2b (Ber. 23, 1790). 

Pentamethylenediamine, cad/werincy ol€ - diamino pent( me y NH 2 CH 2 -CH 2 - 
CH2*CH2CH2NH2, b.p. 178-179°, is obtamed by the reduction of trimethyleno 
cyanide (Bor. 18, 2956 : 19, 780) ; also from pontamothylene diphthalhnide 

(Ih’oparation, see Ber. 37, 3583) ; and further, from lysine (ae-diaminocaproic 
acid) (mode of formation 6, p. 383). It forms a hydrate containing 2H2O (Ber. 
27, H. 580). It occurs as cadaverincy a ptomaine isolated from decaying corpses 
(Ber. 20, 2216, and K. 69). 

Ncuridinc y C5H14N2 (Bor. 18, 86), formed by the decay of fish and meat, is 
isomeric with pontamothylene diamine. 

Hexamethylenediamine, oLl-diaininohexane, NH2[CH2]flNH2, m.p. 42°, 
b.p. l0()/°20 mrn., is formed in the hydrolysis of hexarnethylenediethylurothane, 
ni-P- 84°, which results upon boiling suberic acid azide 
witli alcohol (J. pr. Chom. [2] 62, 206). Also from a^-diaminosuboric acid by 
distillation (mode of formation 6, p. 383) ; further, by reduction and hydrolysis 
of c-benzoylaminocaproic acid nitrile, C^HjiCONHICHa] 5CN (Ber. 38, 2204). 

Heptamethylenediamine, NH2[CH2J7NH2, m.j:). 29°, b.p. 224°, is prepared 
fi’om azelaic amide and KBrO, and from piinelic nitrile by reduction (Bor. 38, 
2204). 

Octamethylenediamine, oLO-I>ia)nino-octanc-y NH2*[CH2] 2-NH2, m.j). 51°, 
b.p. 226°, is obtained from the amide or azide of sebacic a(;id (method of formation 
3 or 4) (d. pr. Chom. [2j 62, 227) ; and from diaminosjf^bacic acid (method of 
formation 6, p. 383). It» hydrochloride gives 1-butyIpyrrolidine on heating 
(0. 1906, 11. 527). 

ai-Diamino-nonane, m.p. 37°, b.p. 258°, is obtained from azelaic nitrile {q.v.) 
(C. 1897, II. 849). 

Decamethylenediamine, m.p. 61*5°, b.p. 140°/12 min., results by reduction 
of tho nitrile of sobacic acid (Bor. 25, 2253). 


Cyclic hnincs 


Two classes of those substances are known — tho alky lone monimines, which 
contain one iniino-group, and tho dialkylenc diimines, which contain two alkylene 
residues and two imino -groups. 

J. Alkylene Monimines. 

To this group belong compounds corresponding with the alkylene oxides : 



Etliyleueiuiiue. 



Trimethyleueimine. 


ClI^^CH.x 
1 >N1I 

CHg— CH2/ 
Tetramethylenciiniuc. 




CH2— CHj 


NH. 


CH2— CTI2- 

PentaniuUiyleueimiDe. 


Methods of Formation. — (1) Upon heating tho diamine hydrochlorides, when 
ammonia splits off as ammoniimi chloride, e.g. : 

ClHNH2CHXH2CH.,CH..CH.,NILyIICl = CII2CH2CH2CH2CH2NHHCI+NH4CI. 

reiitauicthyleuediaiiiiiie hydrochloride. Peiitamcthylenc.imiue, piperidlue. 


(2) By the splitting-off of halogen acid from the halogonalkylamines — c.g. 
when th(3 hydrochloride is heated, or whon it is digested with dilute potassium 
hydroxido (Ber. 24, 3231 : 25, 415) : 


CICH2CH2CH0CH2CH.2NH2 = CH^CH^CHaCH^CH^NH-HCl. 

t-Chloroauiylaiuiue. Piperidine hydrochloride. 


VOL. I. 


00 
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(H) They are produced, together with the diamines, in the reduction of 
alkjdcne dicyanides. 

The tendency to ring formation is, as in tlie case of tlie ethylene oxides, 
dependent upon the number of members in the ring, d’he change of the tetra- 
and pentamethylonediamines into ring compounds proceeds smoothly, by simply 
heating their hydrochlorides, whereas triinethylenediamine only yields small 
amounts of the trimethyleneimine, and ethylenediamine no ethyleneimine at 
all mider these conditions. The rings containing more than seven members 
are not formed by this method, but alkyl derivatives of pyrrolidine are 
formed bv a process of intramolecular change (Ber. 39, 4110 : C. 190G, 11. 527, 
1126). 

Like the ease of formation, the stability of these ring compounds is also 
dependent upon the number of membei’S in the ring. 

Whilst ethyleneimine is easily dectanposed (see below), the tetra- and pont-a- 
methyleneimines are very stable, and special methods are requiied to break 
them open. Such are : (1) the exhaustive. 7n ethylation method, whereby ihe 

((uatemary ammonium iodides are decomposed into olefine dialkyl amira?s by 
means of alkali (see pp. 115, 199) ; (2) oxidation of the benzoyl derivatives, which 
produces benzoylamino-fatty acids ; (.H) heating benzoyl derivatives with phos- 
phoric halides, forming dihalogen paraffins and benzoriitrile (coirip. p. ^171). 
These methods will be discussed under Heterocyclic compounds (Vol. II). 

Ethyleneimine, diinethyleiieiniine y j pNH, b.p. 55"", D.^o ” 0-8321, is 


CH,. 


obtained from brornoethylamine by means of Ag.j,C) or potassium hydroxides solu- 
tion. It is a water-clear liquid, which smells strongly of ammonia, dissolves in 
water, and acts corrosively on the skin. It is stable against j)ermanganate and 
bromine, which shows that the above formula is correct rather than the earlier 
vinyl formula which w'as assigned to it. With benzenesulphochloride (Vol. II) 
and alkali, it forms a sulphonamide, insoluble in alkali. It cojnbines with hyilro- 
bromic acid in the cold to form brornoethylamine, with to thiodicthylamiiie, 
and with sulphurous acid to taurine. 

CH,\ 

"N -Mcthylethyleneimine, | yNCHg, b.p. 28"^, is prej)ared from chloroethyl- 


methylamine, ClCHgCHgNHCHa, and alkali. Similarly to ethyleneimine, it is 
converted by iodomethane into iodo-ethyl trimothyl ammonium iodide, ICH 2 - 
CH 2 N(CH 3 ) 2 l (Ber. 34, 3544). 

Trimethyleneimine, CHaC^p^^^^NII, b.p. 03°, Dgo = 0-843G. If trimethy- 


Icne bromide and alkali juact on p-tolucnesulphonamide, j^-toluenesulphotri- 
rnethylene imide is produced ; and when this is hydrolysed by sodium in amyl 
alcohol Solution, trimethyleneimine is produced. It is easily decomposed by 
acids, as is ethyleneimine (Ber. 32, 2031). 

Tetramethyleneimine, tetrahydropyrrole, pyrrolidine, ] pNH, b.p. 

CHyCH^/ 

87°, is obtained from tetramethylenediamiiie (method of formation 1) ; from 
8 -chlorobutylamine and potassium hydroxide (method 2) (Bei-. 24, 3231), arid 
by the reduction of pyrroline, the first reduction -product of j>yrrolo (Ber. 18, 
2079), and of succinimide (see Succinic acid) (Ber. 32, 951) : 



CH.CH.v OH CH2CH2V 

> II >NH ^ I >NH 

CH-CHa/ CHyCila/ 

Pyrroline. Pyrrolidio(;, tetraimithylenelmine. 


Pyrrolidine has an odour resembling that of piperidine. Tctramethylene- 
niirosamiite, C 4 HgNNO, b.p. 214° (Ber. 21, 290). Methyl pyrrolidine, (CH. 2 ) 4 - 

IsCHg, b.p. 82°, is produced by bromination of methyl->-i-butyJamine, followed by 
splitting off of HBr by cone. H 2 S 04 (Ber. 42, 3427 : 43, 2035). 

(JH 'CH 

Pentamethyleneimine, 7 :>/pm'dme, hexahydropyridlne, CH 2 <r ^-CH 
b.p. 106°, is obtained according to methods 1, 2 (Ber. 25, 415) and 3 (p. 385) ; 
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also from piperine (Vol. TIT), and by the reduction of pyridine, into which it 
passes when it is oxidized : 


.CH-CHx 

CH<f 

\CH = CH/ 

Pyridine. 


6H 


CH/ 

\cH,CH2 

Piperidine. 


NH. 


Piperidine bears the same relation to pyridine as yiyrrolidine to pyrrole. 
Tetrarnethylenoirnine and pentarnethylonoimine link the ])yrroJe and pyridine 
groups to the simple aliphatic; substances. 

The pyrrole and pyridine derivatives will be discussed lat(;r in connection 
with the heterocyclic ring systems, together with allied bodies, and jjyrrolidine 
and piperidine will again be referred to. 


Old .yCH 2-011 2\ 

Hexamethyleneimine, 1 >NH, is formed together wn th complex 

CH2-CH2CH2/ 

products, in small quantity, by the action of alkali on ^-l^romohexylamine (Ber. 
43, 2853). 

IT. Dialkylenediimines. 

OB -f^B 

Diethylenediimine, 'piperazine, hexahydropyrazine, 

m.p. 104°, b.p. 145°, was first prepared by the action of ammonia on ethylene 
chloride. It is jjroducod by heating ethylenediamino hydrochloride (Ber. 21, 

758), and by the reduction of pyrazine, ^ ~ OH ^ 26, 724). It is 

technically made from diphenyl diethylenediimine, the reaction-product, of aniline 
and ethylene bromide, when it is converted inU) the p-dinitroso-compound, and 
the latter then broken dowm int(^> p-dinitrosophenol and diethylenediimine : 

)- NOC;eH4N<[[;“J^>N.CeH,NO 

nh<ch.;0H 


Iliethylenediimine, or 2 >Iperazine, is a strong base, soluble in w^ater, which, 
upon distillation with zinc dust, changes to pyrazine (Vol. Ill) (Ber. 26, B. 
441). 

OH *00 

The compound 2 : 5-diketopiperazine, ^NH, and its deriva- 

tives are of great importance, as they are readily formed from a-arnino acids 
(see p. 44(1) and may play a part in the structure of protein molecules. 

Quaternary piperazoniiini halides are obtained by the action of iodo-alkyls 
on piperazine (Ber. 36, 145) ; and also by spontaneous change of jS-chloro- or 
broinoethyl dialkylaminos (p. 381) whereby the oily bases aie converted into 
solid neutral salts : 

201CH,CH2N(CH,)j ClN(CH,)j<||;g““^;®2>N(CH3),Cl. 

Cliloroethyldiinethylaiuiue. Tctraiiictiiylpipcruzoiiiuiu dicliloride. 

The secondary base /3-Ohloroetliylmethylamino yields ethylenemethylimine 
and the polymeric ViV-dimethylpiperazine when acted on by alkali, whereas 
the primary bases chloro- and bromoethylamino yield only ethyleiieimine. 

Piperidine/^pfropiperazinec^perepiperidine dibromide, 




.nB 


Br 


is obtained, analogously to the above, from ^-bromoethylpiperidino, (CH 2 )oNCH 2 - 
CHjBr. It is also prepared from piperazine and two mok;cules of dibrorno- 
pentane. 

These quaternary piperazonium halides are decomposed by alkalis partly 
into acetylene and totraalkylethyleiiedia mines : 




~CH, 


and partly into hych’oxethyl dialkylamines. 


►CH : CH 

•^(CH 3 ) 2 NCH 2 CTl 2 N (0113)2 
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Dry distillation decomposes tetramethylj^iperazonium chloride into chloro- 
methane and A'-diinothylpiperazine (Ber. 37 , 3507 : 38 , 3130 : 40 , 2936). 

Trimethyleneethylenediimine, CH* CH ^ 1 ^ 9 °, is 

prepared from trimeth^denoethylene-p-toliienesulphonimido, 

find HCl (Bor. 32 , 2041 : 33 , 701). 

Bis-trimethylenediimine, in.ji. 1,''.", b.j). 187°, 

is obtained from its p-toluene sulphonimide, which is the jiroduct of reaction 
between trimethylene bromide and the di-sodium salt of di-p-toluenesul])ho- 
trimethylene diamide, CH3C(jH4S02NNa*CH2CH2CH2-NNaSOoC'6H4CH3 (Ber. 32 , 
2038). 

The spontaneous change of y-chloropropyldimethylamine, 

(^113)2, produces bis-trimethylenetetramethyldiimonium chloride, C1(CH3)2N- 
[CH2CH2CH2]2N(CH 3)301 (comp, above, piperazonium bromide ; and Ber. 39 , 
1420). 



HYDROXYALDEHYDES AND 
HYDROXYKETONES 

2. HYDROXYALDEHYDES. ALDEHYDE- ALCOHOLS 

These eoniaiii both an alcoholic hydroxy] groiij) and the aldehyde 
group (/HO, hence their properties are both those of alcohols and 
aldehydes (p. 229). Tlie addition of 2 H -atoms changes them to 
glycols, whilst by oxidation they yield the liydroxy acids, (containing 
a like number of carbon atoms. The most important representatives 
of this group arc the /j-hydroxyaldehydes (3r aldoh, which result from 
the aldol condensation of the simj)lo aldehydes. 

The hydroxyaldchydes are of importance theoretically as they form 
simple models of the important polyhydroxyaldehydes, the mono- 
saccharides. The simple hydroxyaldchydes can react both in the 
normal open (chain form, and also in a cyclic form corresponding to 
the (cycciic forms of the sugars suggested by Tollens. Thus they form 
scmi-ac(dals or glucosidcs ” with alcoholic hydrog(cn chloride instead 
of the normal axcetals formed by the non-hydroxylated aldehydes : 
v.g. Open (chain form CH 3 CTT.y(;n()]l*Cii^*Cll 2 *OHb. 



Tliese r(clati()nshi])s exist among the a-hydroxyaldehydes (Ber. 54, 
2150) as well as among the y- and (5-com])Ounds. 

Glycollic aldehyde, [otluiHolal], (HI .j;(OH)CllO, m.p. 95-98"*, is tiio first 
aideliydo of ^^lycol, and can bo obtaiia'd from it by oxidation with hydroKon 
jx'i’oxido in t ho prosoiK^o of forrons salts. It is alsf) proparoci from broinoacrotaldo- 
h>(lo and })a,rinm hydroxide solution, an<l from (^hloroaootal by troatmont with 
alkali followed by acid (C. 1905, I. 1427). Further, it is very easily produced 
from dihydroxymakac acid (an oxidation product of tartaric acid) by heating it 
with water at r)0-()t)''. It is form<‘d in small quantities by condensation of 
foi-jij aldehyde >)y means of CaCOa (Her. 39, 50). Glycollic aldehyde remains 
behind, when its solution evaporates, as a slightly sweet syi’up ; this can be 
distilled under reduced pressure, when it solidifies ; on molting it midergoos 
condensation very easily. Hrojiiint^ water 0 xidi 7 .es it to glycollic. acid (p. 414), 
whilst it is condensed by sodium hydroxide' solution to tetrosc {q.v.), and by sodium 
carbonate solution to a, erase {q.v.) (Her. 25, 2552, 2984 : C. 1899, TI. 88 : 1900, 
1. 285). Hydroxylamine gives rise to an oily oxime (C. 1900, II. 512), and phenyl- 
hydrazine and acetic acid produce glyoxalosazone (p. 409). 

The following derivatives have already been discussed : the monohalogen- 
acetaldeliydos (p. 240) and their acetals (p. 242) and dichloroothyl alcohol (p. 144). 

The diethylaectaly CH20H-CII(0 C 2 H 3 ) 2 , b.p. 107^, is obtained from bromo- 
acetal (Bor. 5, 10). The dirncthylaetUil y CH.20H-CH(0Mc)2, b.p. 158°, is obtained 
from glycollic aldehyde and methyl alcoholic hydrogen chloride (Ber. 39 , 5053). 

The ethyl serniaecialy CHg-CH-OEt, b.p. 90°/12 mm., is a derivative of the 

“ cy do -form ” and is obtained from vinyl ethyl ether and per benzoic acid. It 
is the simplest glucoside model (Ber. 54 , 2150). 

389 
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Ethoxyacvtahhhydcy EtO-CHg'CHO, b.p. 71-73", is obtained from its acetal 
by the action of very dilute sulphuric acid, or of one inol. of water in acetone 
solution. The acrtuU EtO-CH 2 *CH(OEt) 2 , b.p. 11)8", is obtained from aj3-dichloro- 
ethvl ether or chloro- or brornoacetal and sodium ethoxide (Ber. 39, 21)44 : C. 
1905, I. 1219 : 1907, 1. 700). 

r/irnoxyacctaJ. C,H,0-CH2-CI1 (OEt )., b.p. 257" (Ber. 28 , B. 295). 

Lactic aldehyde, oL-hydro.ryjmfjdonic aldehyde, CB 3 -Cli (OB ) (^B(), is pre- 
pared fi'om the acetal of methylglyoxal, CB 3 *CO-CB(()Pit )2 (p. 400), by reduction, 
followeil by liydrolysis of tlie lactaldc'hyde aeetal, CB 3 'Eti(OB) CB(OEt,) 2 , b.p. 
1 09 . with cold dilute sulphuric acid. I’he lactaldehydo thus obtained (m.p. 
105 ) is like glycollakhdiyde birnolecular, but gradually changes into the mono- 
molecular form in aqueous solution. It very readily undergoes isomeric change 
into hydroxyacetone, this change occurring when lactaldehydo is distilled ab 
the ordinary ])re8sure. Bydroxyaeetone is also obtained instead of the expected 
laetaldeliycle when aL-aeetoxyprnpionnldehyde, CBg-C 'H(()Ac)-CBO, b.p. 52-55"/15 
mm. (from a-iodopropionaldehydo and silver acetate), is heated with water, or 
when a-bromopropionaldeh 3 ^de is heated with potassium formate and methyl 
alcohol (Ann. 335 , 200: Ber. 41 , 3 599, 3012). IHehloromopropyl alcohol y 
C1oCBCB(OB)CB 3, b.p. 147°, can be looked on as a derivative of a-h^^droxy- 
]n‘opionaldehvde. It is prepared from dichloroaldehvde and CBaMgBr (Ber. 
40 , 27). 

a-Hydroxyk'fobutyraldehyde, (CB 3 ) 2 C(OB ) CBO, b.p. 137°, is prepared 
from oi-hr()yno\f^e'>hutyralde}nide,h.\). 113°, and water. 1 1 is an easily polymerizable 
liquid. Sodium h 3 ’droxi(l(‘ solution converts it into isobutylene glycol (p. 303) 
and a-hydrox 3 o.sobuty’'ric acid (Monatsh. 21 , 1122). 

^-Hydroxypropionaldehyde, hydraerylic aldehyde, HOCHg-CBgCBO, b.p. 
90°/18 inm., is produced when acrolein is heated with water to 100": semi- 
carhazone, m.p. 114 ', regenerates acrolein when treated with bisulphate. It 
easilj^ polymerizes. Alkali partially converts it to crotonaldehyde (Ann. 335 , 
219). p-Piydroxypropionarctal, OHCH.>-CH 2 *CH(OC 2 ^ 5 ) 2 ’ ^-P* 98°/20 mm., is 
j)repared prolonged boiling of dilute sodium hydroxide solution at 115° with 
/9-chloropropionaeetal, b.p. 74°/20 mm., the addition product of acrolein acetal 
(p. 254) and BCl (Ber. .^3, 2700). 

Aldol, ^-hydroxybatyraJdehyde, CB 3 'CB(OB )-CB 2 ‘CHO, b.p. 77°/lG mm., 
Do ^ IT 20, was discovered by Wurlz in 1872. It is obtained by the condensa- 
tion of acc’taldeh 3 ’d(' b^^ means of dilute cold hydrochloric acid, and other con- 
densation agents, < .</. K 2 C ()3 (Ber, 14 , 2009 : 24 , B. 89 : 25 , B. 732 : Monatsh. 
22 , 59: C. 1907, 1. 1400). 

Aldol freslily prepan'd is a colourless, odourless liquid, and is miscible with 
water. It distils under atmoepL^-ric pres.sure, partially reforming acetaldehyde, 
but it niriinly bifCorne.N converted into crotonaldehyde and water. 

As an akleh^ de it will reduce an ammoniacal silver nit rate solution. Heated 
with ‘diver oxide and water it yields j3-hydroxy butyric acid, CH 3 'CH(OB)-CB 2 '- 
CO 2 H. 

After prolonged standing aldol polymerizes, becoming viscous, sometimes 
depositing crystals of paraldol, ( 0411 ^ 02 ) 2 , m.p. 80-90° (Monat.sh. 21 , 80). If, 
during the preparation of aldol, the mixture of aldehyde and hydroctiloric acid 
be left undisturbed, the aldol condenses with loss of water to duildan, C 8 B 14 O 3 , 
m.p. 1 39°, a crystalline body which reduces ammoniacal silver solution. Tetraldayi, 
CiftBogOfi, is formed simultaneous witli diaklan, and does not reduce silver from 
its ammoniacal solution (C. 1900, 11. 838). Diethylacetal of ^-eihoxyhutyric 
aldehyde, CB 3 -CH(OC 2 H 5 )CH 2 -CH(OC 2 ll 5 ) 2 , b.p. 73°/i4 mm. (Ber. 31 ,' 1014). 

The aldol condensation is characteristic for this <-lasB of substance and occurs 
among the higher members of the series when a free hydrogen atom exists next 
to the aldehyde group. Thus, a series of jS-hydroxyaldehydes or aldols can bo 
prepared. A mixture of two aldehydes yields 7riixed aldols. The condensing 
agent mostly employed is potassium carbonate : 

2CH3 CB2CB() - CH3CH2CB(0B)CII(CH3)CB0 
CH 2 O -f (CH3)2CBCH0 = CH2(0H)C(C1I,),CH0. 

Like aldol itself, the homologous aldols are easily converted into a, )3-olefino 
aldehydes when a hydrogen atom in the a-position is free, and are stable bodies. 
If, however, there is no a -hydrogen atom present, some members decompose 
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moro easily tliaii aldol into tlie simple aldehyde. Aldols from ^^yebuty^ic aldehyde 
are further aeted on by hot alkali during reaction and are transformed into the 
corresponding glycols and y'-wbutyric acid (p. 359) {Lichen, Monatsh. 22, 289). 

h'ornnHihntyrir aldol, CHoCOH )-C(CH3)2-CHO, m.p. 90°, b.p. 85°/15 mm., is 
converted into /:l-diniethyl trimi'tliylene glyeol (p. 364) and a-dimethyl jS-hydroxy- 
propionic acid by the action of alkalis. Acciopropionic aldol, CH3-CfI(OH)*- 
CH(CH3)CflO, l).p. 92°/20 mm. Propionic aldol, b.p. 95°/23 mm. isoButyric 
aldol, b.p. 104°— 109°/! 7 mm. iso/laAy/r/c 'movaleric aldol is decomposed by heat 
into it s component parts. For otber aldols, see C. 1904, I. 1 99 : II. 1599 ; vapour 
pressure of the ahlols, see Monat-sh. 21, 80. 

y-Hydroxyvaleraldehyde exists yiractically entirely in the cyclo-iovm, 
CIIt-CH •OIIn*CHo CHOH, b.p. ()4°/10 mm., and is obtained by breakdown of 

I — _Q_.. 

tlie ozonide of methylheptenol (Ber. 52, 1123). The methyl scmiacetal boils at 
116-11 S°/755 mm. Derivatives of the open chain aldehyde form have been 
obtfiined by othei- methods and are totally different from the derivatives of the 
cyrlo-iovixi (Ber. 52, ISOO). 

y-Hydroxycapraldehyde, b.p. 77-80°/ll mm., obtained from allylacetic 
acid, also exists in th(^ cyclic form, as is shown by it s molecular refraction, forma- 
tion of semiacetals and slow reddening of fuchsin sulphurous acid. Methyl 
ticiniaevtaL b.p. 1 39-145 /7()0 mm. 

8-Hydroxycapraldehyde, b.p. 71 78°/ll mm., also exists in the cyclic form, 
but> gradually passes int o the open chain form in various reactions. Preparation, 
see Ber. 55, 702. Methyl setnlacclal, b.p. 72-76°/! 10 mm. 

y-Hydroxynonadecaldehyde (Synthesis, Ber. 56, 2088) has been isolated 
in the two forms ; 

Cj.BapCHOH CllyCHa-CHO, m.p. <40°; CigHgpCH CHg CHs-CHOH (Cyclic 



form), m.p. 64°. The cyclic form does not redden fuchsin sulphurous acid even 
on long standing. 

NITROGEN DERIVATIVES OF THE HYDROXYALDEHYDES 

Nitroaldehydes. — Nitroacetaldehyde itself is unknown. Its diethylacetal 
N02't'Il2'(Tl(()fh)2, b.p. 90°/14 mm., has been obtained not quite pure by the 
interaction of silvcu' nitrite and iodoacetal (Ber. 42, 4044). The oxime of nitro- 
acetaldehyde is the so-called methazonic acid, NOg-CHg-CH : NOH, which is 
formed by the (condensation of tw(.) molecules of nitrometliane under the action 
of alkali, with loss of a molecule of water. Concentrated sulphuric acid converts 
methazonic acid into i^'ocyanilic acid (Ann. 444, 15 : see p. 294). By the action 
of thionyl chloride on its ethereal solution, methazonic acid is converted into 
nitroacotonitrile, and by heating with alkali, it is converted into nitroacetic acid 
(J. pr. Chem. [2], 81, 135: 83, 453). Phenylhydrazine and aniline produce 
respectively the phenylhyd.razone, NOg-CHg-CH : N-NIiCgHg, m.p. 74", and anil, 
N()2 CH2-CH : NCnlift, m.p. 95°, of nitroacetaldehyde (Ber. 40, 3435). 

It is justifiable, on systematic gromids, to include in this section the aldol-like 
condensation products of aldehydes with potassium dinitromo thane (p. 185) : 

CH^O + CHlNOa) : NOOH •<- y CHj(OH)-C(N02) : NOjH. 

aci-Dinilroincthane. aci-Dinitro-cthyl alcohol. 

The resulting jDotassimn salts form yellow crystals, which, as such or in aqueous 
solution, decompose into their components on being heatf d. The free acids are 
strongly acid, easily decomposable oils. Similar condensation products, e.g. 
(xoL-dinitro-alkyla mines, are also obtained from the aldehyde -aimnonias or amino- 
conii:)ounds and dinitromethane : 

CH3CH(NH2)OH + CH2(N02)2 > CH3-CH(NH2)CH(N02)2 

(xa-Diiiitro-/l-aiiiinopropane. 

(0113)2X0 II2OH + 0H2(N02)2 (OH3)2N-OH2-CH(N02)2. 

aa- Diiiitro-^-diiiiethylaininoethaiie . 

These bodies are more stable, probably on account of their f;>rming cyclic 
internal salts (comp. p. 380) between the acid nitro- and the amino-groups 
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(Ber. 38, 2031, 2040). Finally, formaldehyde and acetaldehyde unite with 
nitrobromomethane (p. 182) to form, respectively, OL-nitrohromo ethyl alcohol, 
NOa-CHBr CHgOH, b.p. 147°/45 mm., and OL-nitro-bromoiQopropyl alcohol, NOj- 
CHBr CH(OH)CH 3 , b.p. 149742 mm. (C. 1899, I. 179). 

Aldehyde -Ammonias. — Ammonia gas converts aldol in ethereal solution 
into aldol-ammonia, 04 Hj, 02 -NH 3 , a thick syrup, soluble in water. When heated 
with ammonia the bases, CgHigNOg, CgHijNO, oxytetraldine (p. 254), and 
collidine, C 5 H 2 N(CH 3 ) 3 , are formed. With aniline aldol forms methylquinoline. 
{CJ. alkyl ideneanilinos : Vol. III.) 

Aminoaldehydes : Aminoacetaldehyde, [ethanalamine] , NHj-CHgCHO, 
is obtained as a deliquescent hydrochloride when aminoacetal, NH 2 'CH 2 (OC 2 H 6 ) 2 , 
b.p. lt)3°, is treated with cold, concentrated hydrochloric acid. Aminoacetal 
is produced together with diaccUilylamine, NH[CH 2 *CH(OEt) 2 ] 2 » and triaccialyl- 
aminc, NfCH 2 -CH(OEt) 2 ] 3 , when chloroacetal is treated with ammonia (Ber. 25, 
2355 ; 27, 3093 : Ann. 363, 169). Aminoacetaldehyde is also obtained from 
allylamine by the splitting action of ozone (comp. p. 106, etc.) (Ber. 37, 612) : 

CH 2 : CH CH 2 NH 2 > CH.O + OCH-CH2-NH2. 

By oxidation with mercuric chloride, aminoacetaldehyde yields pyrazine, 
(Bot. 26, 1830, 2207). 

Alkylaminoacctals, see C. 1908, II. 229. Dmlkylaminoacctals, dialkylamiiio- 
acctaldchydes, and trialkylaninioni'inn salts, see Bor. 30, 1504. 

Hydrazinoacctaldehydc, Bor. 27, 2203. AzidoacctaJdchyde, NaCHj-CHO, J.C.S. 
93, 1865. 


Betaine aldehyde, (CH3)3N*CH2CH6(0H) (?) (Ber. 27, 165), is different from 
muscarine , p. 379), which occurs in fly agaric {Agaricus 7miscarius). 

isoMuscarine, H 0 'CH 2 CH( 0 H)N(Cn 3 ) 30 H (?), is obtained from the addition 
product of HCIO and neurino (p. 380) with silver oxide (Ann. 267, 532, 291). 

a-Aminopropionaldehyde, CH 3 CH(NH 2 )CHO, is obtained by the action of 
ozone on a-styryl ethylamine (Bor. 37, 015). d-tx-AminopropionaldeJiyde acetal, 
CH 3 *CHNH .2 CH(OEt), b.p. 55^/11 mm., is obtained by reduction of d-alanine 
ester by sodium amalgam (Ami. 365, 7). 

/3-Aminopropionaldehyde, NHgCHg'CHg CHO, is obtained as a salt by the 
breaking down of its acetal, NH 2 CH 2 *CH 2 CH(OC 2 H 5 ) 2 , b.p. 80”/18 mm., which, in 
turn, is produced from /3-chloropropionic acetal (p. 240), by digestion with 
alc^oliolic ammonia. At the same time there is formed iminodipropionic acetal, 
HN[CH 2 CH 2 CH( 002 H 5 ) 2 ] 2 . b.p. 157715 mm., which on hydrolysis yields iminodi- 
propionic aldehyde, a substanco winch undergoes ring-condensation to form 
^-tetrahydropyridinealdchydo (Ber. 38, 4162) (Vol. Ill) : 

NHCH2CH2CHO N^HCHg-GCHO 

I ^ I II 

CH2-CH2CHO CH2-CH2'CH 


y-Aminobutyric acetal, N n 2 GH 2 GH 2 'GH 2 ^"IT(C>C 2 H 5 ) 2 , b.p. 196’, results 
from the reduction of ^-cyanojiropionic acetal by sodium and alcohol. Its 
brnzeuesulphonyl derivative condemses spontarjeously forming ^-benzcnes'idpho-OL- 
( ttu)xy pyrrolidine, which is reduced to pyrrolidine by sodium and amyl alcohol 
(Ber. 38, 4157) : 


CeHfi-yOaNH-CHg' 

(G2HgO)2CHCH2^ 


IH 2 


CeH^SOaN-CHa' 
> / 
CgHBOGHCHa^ 


IINCHaX 

> I Vh 

H2C-CH2/ 


2* 


>CH2 


8-Aminovaleric aldehyde, NHgCHgCHgCHgCHjCHO, and its homologues 
were thought to have been produced by the oxidation of piperidine (p. 386 
and Vol. Ill) with HgOg ; but this is now known to yield piperidine oxide, 


CH.<gi*ZgH:>N<0 31. 2687). 
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3. KETONE-ALCOHOLS OR KETOLS 

The ketone alcohols or kctols are distinguished, according to the 
position of the alcohol or ketone groups, as a- or 1 : 2-, /?- or 1 : 3-, y- 
or 1 : 4-ketols, etc. The position of these two groups, with reference 
to each other, influences the chemical character of these bodies more 
than the type of alcohol group (whether primary, secondary, or 
tertiary). These alcohols show simultaneously the character of 
alcohols and of ketones. Like the hydroxyaldehydes (p. 389) the 
hydroxyketones exist in cyclic forms as well as the normal open 
chain forms. 

A. SATURATED KETOLS 

a- or 1 : 2-Ketols 

These arc characterized by their ready oxidizability ; they reduce 
Fchling’s solution and ammoniacal silver solutions. The 1 : 2 ketols 
react with phenylhydrazine to produce osazones (diphenylhydrazones 
of 1 : 2-ketoaldehydes or diketones), the hydroxy group being oxidized 
to a ketonic group by excess of phenylhydrazine (c/. Hexoses). 

Hydroxyacetone, acetylcarhinoly acetone alcohol, 'pyruvic alcohol, CHg-CO-- 
CIIgOH, b.p. 145-140'', b.p. 54 °/! 8 mm., is produced by the following reactions : 

(1) From chloro- or bromoacetone, best by heating them with potassium 
formate and methyl alcohol, when the first-formed acetol formate is alcoholysed 
by the methyl alcohol. 

(2) Hydroxyacetone is formed instead of the expected lactaldehyde when 
a-bromopropionaldehydo is treated with potassium formate and methyl alcohol, 
or when a-ac(^t.oxypr()pi()naldehy<lo is hydrolysed. It is also obtained when 
lactaldehyde is distHhal under atmospheric pressure. These changes can be 
represented by the following scheme : 

OHg CllOH-CHO CHvC(()ll) : CII(OII) ^ CHg-CO-CHaOH ; 

it is possible that the cyclic form CH 3 *CiI'Cl£( 011 ) is involved. 



(3) From propyl(aic glycol and the Sorbose bacterium, or by careful oxidation 
with bromine water ((\ 1899, 11 , 475: 1900, I. 280). 

(4) If glycerol \'a.pour is passed over pumice-stone at 490-450" some acetol 
is formed. 

(5) When sucrose or dextrose is fused with potassium hydroxide, acetol 
results (Ber. 16, 894). 

Acetol reacts acid ((h 1905, IT. 29). Reduction with aluminium amalgam 
yields propyknie glycol (p. 9(19) and acetone (C. 1909, I. 192). Acetol shows 
a strong reducing action: aqueous copper acetate oxidizes it normally to pyruvic 
aldehyde, CHg C'O-CHO (Am. Chem. J. 38, 589), but when oxidized by the oxides 
of Cu, Hg, Fe, it is converted into lactic acid, with the probable intermediate 
formation of pyruvic aldehyde : 

CHgOOTTL/)!! - — [CHgCO OHO] CH 3 CH(OH)COOH. 

Permanganate, chromic^ acid, and the like, oxidize acetol into acetic and 
formic acids (C. 1905, I. 19). 

Methyl alcohol containing a trace of hydrochloric or acetic acid converts 
acetol into bis-acetol methyl alcoholate, p m.p. 

190", b.p. 196°. Acetol ethyl ether, CHgCOCHg-O-CgHg, b.p. 128", is prepared 
from propargyl ethyl ether (p. 158), or synthetically, from ethoxy acetonitrile, 
C 2 H 5 OCH 2 CN, and methyl magnesium iodide. Similar homologous ethoxymethyl 
alkyl ketones (C. 1907, I. 872) may bo obtained. On the formation of such 
ketones from halogen acetoacetic esters, see Ber. 21, 2648. Acetol formate, 
HCOO-CHgCOCHg, b.p. 169°, and higher esters, see C. 1905, II. 754. Chloro-, 
bromO”, iodo-acetone (p. 265) are the haloid esters of acetyl carbinoh 
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Propionyl carbinol, ethyl ketol, hutan-OL-ol-^-one, CHgCHgCO CHgOH, b.p. 
lOO"", is obtained from chloromethyl ethyl ketone, ClCHgCOCHgCHg ; also from 
tetrinic acid {qAi.) by the loss of COg on boiling with water. It is oxidized by 
Fehling’s solution to a-hydroxybutyric acid (C. 1905, II. 116). 

The secondary and tertiary hetonr alcohols are obtained by the following 
reactions : 

(1) By the reduction of a-diketones. 

(2) The esters of the fatty acids in ethereal or benzene solution undergo a 
Bo-called acyloin condensation under the influence of sodium, yielding hydroxy - 
aldehydes containing the group •CH(OH)*CO- united to two identical alkyl 
groups (C. 1906, 11. 1113 : cf. Benzoin condensation of aromatic aldehydes, 
Vol. II). The reaction-mechanism of the acyloin condensation is discussed in 
Ann. 434, 265. 

2R COOEt f4Na — > 2NaOEt + R-C(ONa) : C(ONa) R — R CH(OH)-CO R 

(3) The esters of the olefine glycols produced by the action of sodium on 
aci<i chlorides (see p, 365) yield acyloins on hydrolysis. 

4R COC1 + 4Na >-4NaCl -f R-C(0*C0R) : C(0-C0R) R >^R CH(OH) CO R 

(4) The organomagnesium compounds produced by the action of magnesium 
alkyl halides on aldehyde or ketone cyanohydrins yield secondary and tertiary 
ketone alcohols on decomposition with water or dilute acids (Compt. rend. 152, 
1100, 1256): 

MKU'Br 

R CH(OH) CN R CH(OMgBr) CR' : NMgBr R CH(OH) CO R'. 

(5) Tertiary keto alcohols are obtained by the action of magnesium alkyl 
halides on the monophenylhydrazones of a-diketones, followed by hydrolysis of 
the product (Ber. 44, 403). 

Acetylmethylcarbinol, dimcthylketoly aceioin, hntan-^-ol-y-one, CHgCH- 
(0H)C0CH3, b.p. 148°, is produced in small quantities from acetic ester in 
ethereal or benzene solution by means of sodium. Also, from methyl chloroothyl 
ketone, CH3COCHCICH3 ; from jSy-butylene glycol (p. 363) by the action of 
the Sorbose bacterium or Mycoderma. aceti ; and from various carbohydrates by 
the Bacillus tartricus (C. 1901, I. 878: 1905, II. 117 : 1906, II. 1113). It is 
prepared from diacetyl (p. 402) by reduction with zinc and sulphuric acid (Ber. 
40, 4338). It polymerizes spontaneously to a dimeric form, (0411802)2, m.p. 95° 
(Ber. 40, 4336 : 63, 416). 

Acetylethylcarbinol,/>cjdan-y-oZ-/5-one, Me*CO'CH(OH)-Et, b.p. 77°/35mm., 
is obtained from pentane -/3y-dione (Bor. 23, 2425). 

Propionylmethylcarbinol, 'p<".dan-p-ol-y-one, Et-CO-CH (Oil ) -Me, b.p.63°/20 
mm., is obtained according to method 4. 

Acetyldimethylcarbinol, trimethylketol, ^-methylbutan-^-ol-y-one, Me-CO- 
C(OH)Mu 2, b.p. 142°, is obtained by method 5. 

According to the above methods, 2 and 3, the following compounds can also 
bo prepared : Propionoin, C2H6COCH(OH)C2H5, b.p. 73°/20 mm. Butyroin, 
b.p. 85°/10 mm. isoButyroin, b.p. 83°/26 mm. Valeroin, b.p. 156°/ 12 mm. 
Pivaloin, (CH3)3CCO-CH(OH)C(CH3)3, m.p. 81°, b.p. 80°/10 mm. Capronoin, 
b.p. 1 3 1 °/8 mm. These keto-alcohols are reduced by sodium and alcohol partially 
to the glycols and partially to secondary alcohols. Heated with finely divided 
copper they yield a-diketones ; concentrated potassium hydroxide solution with 
atmospheric oxygen converts them partially to tertiary alcohol acids (comp, the 
BeJizilic acid transformation, Vol. II) (C. 1906, II. 1114 : Ber. 31, 1217). 

P- or I : S-Ketols 

)3-Acetoethyl Alcohol, Butan-a-ol-y-one, CH3-C0 CH2CH20H, b.p. 110°/ 
30 mm., is obtained by condensation of acetone with formaldehyde under the 
action of mild alkalis (D.R.P. 223207 : C. 1910, II. 347). On keeping, it 
polymerizes. 

When the aldol condensation (p. 390) is carried out with aldehyde or chloral 
and acetone, methyl ethyl ketone and methyl i^^opropyl ketone by means of 
potassium cyanide, the following compoimds result (Bor. 25, 3165 : C. 1897, 
I. 1018 : 1905, II. 752) : Hydracetylacetone, S-hydroxy-)3-ketopentane, CH8CH- 
(OH)-CH,-COCHj, b.p. 176°. CMoralacetone, m.p. 75°. 
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y-M ethylpentan-p-ol-h-onef CH 3 CH(OH)CH(CH 3 )COCH 8 , b.p. 187°. yy’Dimethyl- 
pentan-p-ol-h-one, CH 8 CH(OH)C(CH 3 ) 2 COCH 8 , b.p. 80°/10 mm., gives on oxidation 
mc50 -dimethylacetylacetone (p. 403). 

Diacetone alcohol, (CH 3 ) 2 C(OH)CH 2 COCH 3 , b.p. 164°, is obtained from 
diacetonamine (p. 274) and nitrous acid ; also when two molecules of acetone 
are condensed by concentrated sodimn hydroxide solution (Z. physik. Chem. 
33, 129) or calcium hydroxide (J.A.C.S. 31, 722 : D.R.P. 229678 : C. 1911, I. 
275), or by treating mesityl oxide with cold 1% hydrochloric acid (Meer- 
wein). When heated with alkali or treated with fairly concentrated acid it is 
hydrolysed into two molecules of acetone. 

Mesityl oxide sesquimercaptoly (CH 3 ) 2 C(SC 2 H 5 )CH 2 *C(SC 2 H 5 ) 2 CH 3 , can be 
looked on as being a derivative of diacetone alcohol. It is prepared from mesityl 
oxide, mercaptan, and HCl, and is an oil. Oxidation changes it into the trisul- 
phoncy (CH3)2C(S02C2H8)-CH2-C(S02C2H8)2CH3, m.p. 100° (Ber. 34, 1398). A 
series of further derivatives of diacetone alcohol, such as diacetone hydroxyl- 
amine, )3-nitroso- and jS-nitro -isopropyl acetone have been dealt with (p. 275) 
in connection with mesityl oxide. 

The 1 : 3 -ketoalcohols pass into unsaturated ketones when dehydrated. 
Thus, diacetone alcohol yields mesityl oxide (p. 273). In the case of r/cm-dialkyl 
compounds, this reaction is sometimes accompanied by migration of an alkyl 
group (C. 1908, IT. 395) : 

CH20H-CMe2-C0 Et Me CH : CMe CO Et + HgO. 

jS-Acyloxyketones are obtained synthetically by treatment of jS-acyloxyacid 
chlorides with zinc alkyls (G. 1908, 1. 1530; 1909, I. 638). 


y- or I : 4:-Ketols and d- or 1 : iy-KetoU 


Representatives of those are obtained from the products of reaction of 
ethylene bromide and trimethylene bromide on sodium acetoacetic ester, by 
boiiing with hydrochloric acid (Ber. 19, 2844 ; 21, 2647 : 22, 1196, R. 572); 


CO 2 C 2 H, 

I 

CH8-CO*CH-CH2GH2Br 
Bromoeth y lacetoacotic ester. 


2 HaO 4 - O2H5OH 

>• 

CH8COCH2GH2GH2OH + HBr 

Aeetopropyl alcohol. 


co,c,iL 


CH 3 COCHCH 2 CH 2 CHi,Br 

Bromopropylacctoacetic ester. 


2 H ,0 ^^2 C 2 H 5 OH 

^ 

CH 8 COCH 2 CH 2 CH 2 CH 2 OH + HBr. 

Acetobutyl alcohol. 


y-Acetopropyl alcohol, CH3-CO-CH2CHjjGH20H, b.p. 208°, with decom- 
position (C. 1903, II. 551), 

8-Acetobutyl alcohol, CH3-CO(CH2)3CH20H, or CH 3 C(OH) [CH 2 ] 8 *CH 2 , 

J O — — ' 


dec. about 155°. Methyl semiacetaly b.p. 76°/99 mm. (Ber. 55, 1390). 

Both these compounds lose water when heated and form oxides of olefine 
glycols (see below). They do not reduce an ammoiiiacal copper solution, but 
yield the corresponding ketonic acids, laavulinic and y-acetobutyric, when oxidized 
with chromic acid. On reduction they yield the corresponding glycols. Hydro - 
bromic acid converts them into methyl bromopropyl ketone y CH 3 *CO'CHaCH 2 CH 2 Br, 
and methyl hromohutyl kctoncy CH 3 *CO'CH 2 CH 2 CH 2 CH 2 Br, b.p, 216°, These 
bromides are converted by ammonia into cyclic imides (Ber. 25, 2190), similarly 
to the y-diketones (p. 404). This reaction links the open, aliphatic compounds 
with the pyrrole and pyridine derivatives : 


CH2-CH8 ^ CH 2 CH 2 OH 

I >0 -6 1 < 

CH:C(CH,)/ CHj-CO-CHj 

Methyldihydrofurfuran. 


CH.-CHoBr nH CH,-CH. 

I ^ I 7 NH 

CHj-COCHa CH:C(CHa)/ 

Methyldihydropyrrolc. 


CHa-CHj-CHa CHj CHij CHii-OH CH-CHa CHaB r NH, CHg-CHa CH, 

(IjH : C(CH^ CHj CO CH, ^ CHj CO CHa : C(CHa)NH 

Methyldihydropyran. Tetrahydropicoline . 


v-Methyl-v-acetobutyl alcohol, see Ber. 32, 61. 
Hexan-i3-ol-e-one, Me CO.[CHj],CH(OH)Me, see Ber. 42, 1960. 
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B. OLEFINE KETOLS 

M ethoxy mesityl oxide^ (CH 8 ) 2 C : C(OCH 8 )COCH 8 , b.p. 168®, and acetoxy mesityl 
oxide, (CHgjaC : C(OCOCH 8 )*COCH 8 , b.p. 74®/12 mm., are derived from an olefine 
a-ketol, and are prepared from bromomesityl oxide. Hydrolysis produces 
acetoxy mesityl oxide and acetylisobutyryl respectively (p. 402) (Ber. 33, 500). 

Hydroxy methylene Ketones. — Compoimds of this class are obtained from 
the ketones R-CO CHg and R-CO'CHaR' and formic ester in the presence of 
sodium ethoxide, accompanied by the loss of alcohol : 
or TT CtHjONa 

^ CH 3 COCH 8 CHaCOCH : CHONa + C^H^OH. 

These substances were at first thought to be j3-keto -aldehydes. However, their 
pronounced acid character has shown that they should be regarded as the tauto- 
meric hydroxymethylene ketones {Claisen^ Ber. 20, 2191 : 21, R. 915: 22, 
533, 3273 : 25, 178). These compounds can be described as aci-aldehyde ketones 
or ac/-formyl ketones (comp. p. 50). They dissolve in alkali carbonate solutions 
forming stable salts, and give green-coloured precipitates with copper acetate 
(Ber. 22, 1018). Acetic anhydride and benzoyl chloride convert them readily 
into neiitral acetates and benzoates, insoluble in alkalis. Their alkali derivatives 
and ethyl iodide yield eihoxymeihylene ketones, which are saponified by alcoholic 
alkalis, like the ethers of organic carboxylic acids. These compounds, — CO-CH 
= CH-OH, are exceptions to the rule of Erlenmeyer (p. 4()), according to which 
the complex >C = CHOH present in open chains becomes rearranged into the 
aldehyde form >CH*CHO. 

The alkoxymethylene group — e.g. CaHgO-OH : — may be introduced by means 
of orthoformic ester and acetic anhydride into compounds which contain the 
grouping, — CO-CHg-CO — (Bor. 26, 2729), e.g. into acetylacetone, acetoacetic 
ester and malonic ester. The compounds which result will bo described sub- 
sequently in their proper places. 

Hydroxymethyleneacetone, aci-/ormt/Z acetone, aci-acetoacetic aldehyde, 
CHgCO-CH^CHOH, b.p. about 100®, readily condenses in solution to 1:3:5- 
triacetyl benzene, C 6 H 3 (CO-CH 3)8 (g-v.). Hydrazine converts it into 3-methyl- 
p;V'Tazole, and phenylhydrazine into l-phenyl-3-methylpyrazole (q'.v. ). Hy- 
droxymethylenediethyl ketone, C 2 H 5 CO C(CH 3 )=CHOH, m.p. 40°, b.p. 164- 
166°. ac^-Diethylacetylacetaldehyde, (C 2 H 5 ) 2 CHCOCH : CHOH, b.p. 174°. 
nc/'-Trimethylacetylacetaldehyde, (CH 3 ) 3 CCOCH : CHOH, b.p. 148°. aci-iso- 
Valerylacetaldehyde, (CH 3 ) 2 CH CH 2 COCH : CHOH, b.p. 52°/10 mm. aci-iso- 
Caproylacetaldehyde, C 5 H 11 COCH : CHOH, cannot be distilled without decom- 
position even in vacuo (C. 1905, II. .393). 

Diolcjinc ketols, such as : CH-CO-CH : CHOH, are obtained by con- 

densing unsaturated ketones with formic esters (Compt. rend. 150, 70.5). 

NITROGEN-CONTAINING DERIVATIVES OF THE KETONE- 

ALCOHOLS 

As in tho case of the simple ketones, the ketone-alcohols can frequently be 
characterized through their semicarbazonos, oximes, and phenylhydrazones (comp, 
pp. 268, 269). It has, however, already been pointed out that the a-ketols, 
combining with phenylhydrazine, easily yield the osazones of the a-diketones. 
The / 3 -hydroxymothylone ketones react with hydroxylamine and hydrazine, as 
do tho )3-dikotones (p. 407) forming tho cyclic compounds isoxazoles and pyrazoles. 

Those derivatives of tho ketone-alcohols, in which the hydroxyl group has 
been replaced by a nitrogen group, have been most conveniently collected into 
the following series of compounds. 

Nitroketones 

Nltroacetone, CHaC 0 CH 2 *N 03 , b.p. 152°, is prepared by oxidation of 
nitroi«opropyl alcohol (Ber. 32, 865). An apparently isomeric nitroacetone, m.p. 
49°, is obtained from iodo-acetone and silver nitrite (Ber. 32, 3179) ; both sub- 
stances are acid in character. Aniline reacts with nitroacetone (m.p. 49°) forming 
the anil, CH 8 C(:NC 8 H 5 )CH 2 N 02 , m.p. 87°, which can also be obtained from 
nitritomesityl dioxime peroxide (p. 275) and aniline acetate (Ann. 319, 230). 
On nitroitfopropylacetone, see p. 275. 
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PP‘Chloronitropropanol, CHa-CCl(N02)*CH20H, rn.p. 13°, b.p. 115°/44 mm., 
is obtained from aa-chloronitroethane and formaldehyde. p^-Bromonitro- 
proparwly m.p. 42°. 

Pp-Chloronitro-OL-butanol, C2Hb-CC 1(N02)-CH20H, b.p. 145-150° (C. 1897, II. 
338 : 1898, I. 194). 

fiPy-Trinitro-^-meihylbutane^ Me2C(N02)*C(N02)2Et, m.p. 95°, is obtained from 
isopentane and nitric acid (Ber. 32, 1443). 

Aminoketones 

Saturated aminoketones are obtained by the action of ammonia or amines 
on the halogen ketones, Aminoketones (chiefly the jS-derivatives) are also 
obtained by the addition of ammonia to aj8-olefine ketones and a -aminoketones 
are obtained by the reduction of isonitrosoketones with stannous chloride (Ber. 
30, 1515 : 32, 1095). 

Aminoacetone, CH^'CO-CHjNHj, is formed by the reduction of isonitroso- 
acetone or of nitroacetone (m.p. 49°). Its liydrochloride is obtained by heating 
with hydrochloric acid the compound CaHioN 2 which is obtained by the hydrolysis 
of phthalimidoacetone (Ber. 38, 752). 

Dim(ithylaminoaceto7iey CH 3 *CO-CH 2 NMe 2 , b.p. 123°. Divlhylarninoacetone^ 
b.p. 153° (Ber. 29, 8GG). Acetonyltrimethylamrnonium chloride, CHg-CO-CHa- 
NMegCl, copritiy is formed from chloroacetone and trimethylamine. It has a 
physiological action similar to that of curare (C. 1898, 11. 631). 

Aminosulphonal, arninoacetonediethyl aulphonc, NH2*CH2‘C(S02Et)2‘CH, 
m.p. 94°, is obtained by the hydrolysis of phthalimidosulphonal. The latter is 
obtained by the oxidation of the ethylmercaptole formed from phthalimido- 
acetone, ethyl mercaptan and hydrochloric acid (Bor. 32, 2749). 

By the action of mercuric chloride the a-aminoketones are oxidized to pyrazine 
derivatives, e.r/. aminiacetono yields dimethylpyrazine (Ber. 27, K. 928). The 
aininoketone hydrochlorides react with potassium cyanate to form iminazolones, 
while potassium thiocyanate yields thioliminazoles. Those heterocyclic com- 
pounds are described in Vol. Ill (c/. Bor. 27, 1942, 203G). 

Unsaturated )3- aminoketones are obtained by the action of ammonia or 
amines on acotylacetone (p. 403) (Ber, 26, R. 290). Acetylacctonearnine, CH^*- 
CO*CH ; C(NH 2 )-CH 3 , m.p. 43°, b.p. 209°. Acetylacetoneethyl- and -diethylamines, 
CHg CO-CH : C(NHEt or NEt 2 ) CH 3 , b.p. 210 215° and 155°/24 mm. 

Triacetonyltriaminetrloxime, N(CH 2 C( : NOH)-CH 3 ) 3 , m.p. 184°, is ob- 
tained from chloroacetone oxime and ammonia (Ber. 31, 239G). 



DIALDEHYDES, KETOALDEHYDES AND 
DIKETONES 

The di aldehydes, ketone aldehydes, and diketones constitute a 
closely united series of compounds, connected together by many 
characteristics. They are subdivided according to the position of 
the two CO groups relatively to each other : a- or 1 : 2-, or 1 : 3-, y- 
or 1:4-, d- or 1:5-, diketo-compounds, of which the characteristic 
reactions will be described amongst the diketones (pp. 401 et seqq.). 

4. DIALDEHYDES 

Glyoxal, oxaldehyde^ diformyl [ethane-dial], CHO*CHO, m.p. about 15°, 
b.p. 51°, Dgo — 1-14:, was discovered by Dehua in 1850. It is the dialdebydo of 
ethylene glycol and of oxalic acid. 

Glyoxal, glycollic acid and glyoxylic acid are formed by the careful oxidation 
of ethylene glycol, ethyl alcohol (Her. 14, ii085 : 17, R. 108), or acetaldehyde 
with nitric acid. It can also be formed from dihydroxytartaric acid by the 
interaction of its sodium salt and sodium bisulphite (Ber. 24, 3235). It is best 
obtained from “ glyoxal sulphate ” (g.v.), which is obtained technically by the 
action of fuming sulphuric acid on tetrahalogene thanes, by heating with water 
(D.H.P. 362743 : C. 1923, II. 743). Acetylene is converted by very dilute ozone 
into glyoxal (Chem. Ztg. 44, 157). Glyoxal is also obtained by the breakdown 
of a)3-unsaturated aldehydes by ozone, and can thus be prepared by warming 
cinnamaldehyde ozonide (see Vol. II) with water. 

By this moans a trimcric glyoxal (CHO * 0110)3 is obtained, whilst the other 
methods result in the production of a polymeric paraglyoxaly (CHO-CHO)„, when 
the aqueous solution of glyoxal is evaporated. This amorphous powder melts 
with difficulty. When heated with it is converted into the monomolecular 

glyoxal, in the form of golden jyeilow crystals and a yellow-green vapour, with 
the pungent odour of formaldehyde. It dissolves in non -aqueous solvents to a 
yellow solution. The colours are characteristic, since all bodies which contain the 
OL-dik^to -group — CO -CO — possess a more or less strongly developed colour y usually 
yellow to orange. In a small quantity of water glyoxal polymerizes to para- 
glyoxal ; in more water, it dissolves with a generation of heat to the mono- 
molecular colourless hydrate, HCO*CH(OH )2 or ( 110 ) 2 CH*CH(OH) 2 . The aqueous 
solutions of the various modifications all give the same reactions, except with 
Fehling’s solution, which is reduced only by the triineric glyoxal (Harries, Ber. 
40, 165). 

Reactions. — The alkalis convert it, even in the cold, into glycollic acid. In 
this change the one CHO group is reduced, whilst the other is oxidized (comp. 
Benzil and Benzilic acid, Vol. II) : 

CHO CH 2 OH 

I + H 2 O = I 

CHO COH 

It reduces ammoniacal silver solution with the formation of a mirror, and 
unites with two molecules of sodium hydrogen sulphite to form a crystalline 
glyoxal sodium sulphite, C 2 H 202 (S 08 HNa )2 -f H 2 O. Ethyl alcohol and a little 
HCl give rise to glyoxal tetraethyl acetal, (C 2 H 60 ) 2 CH‘CH( 0 C 2 H 5 ) 2 , b.p. 89°/14 
mm. (Ber. 40, 171). Similarly, glyoxal and glycol form glyoxal diethylene acetal, 
C 2 H 4 : O 2 CH CHO 2 : C 2 H 4 , m.p. 134° (Ber. 28, R. 321). 
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Glyoxal bisulphite reacts smoothly with primary and secondary amines to 
form glycine derivatives or indolesulphonic acids (Vol. Ill), according to the 
nature of the reacting base (Ber. 27 , 3258). 

Glyoxal reacts with concentrated ammonia with the formation of the two 
heterocyclic bases glycosine (Ann. 456 , 253) and glyoxaline (Ann. 277 , 336). 
Glyoxaline is formed more easily from glyoxal, two mols. of ammonia and 
formaldehyde (see Vol. III). 


CH— NHx /NH— CH 

II II 

CH CH 

(ily cosine. 


CH— NH\ 

II 

CH 

Glyoxaline. 


Glyoxal reacts with o-phenylenediamino like the a-diketonos (p. 401) with 
formation of quinoxaline. 

Glyoxal combines with two molecules of hydrocyanic acid to yield the dinitrilo 
of racemic acid. 

On the condensation of glyoxal with inalonic* ester and acetoacetic ester, see 
Ber. 21, K. 636. 

Glyoxima (see p. 407), glyoxal osazone (see p. 409). Urea combines with 
glyoxal to form glycoluril {(j.v.), a diureide. 

Acetaldehydedisulphonic acid, CH 0 -CH(S 03 H) 2 , can be considered as being a 
derivative of glyoxal. It is prepared (1) in the form of its bisulphite compound, 
when chloral is warmed with potassium sulphite ; (2) by the saturation of fuming 
sulphuric acid with acetylene (comp. pp. 110, 247) ; (3) by the action of fuming 
sulphuric acid on acetaldehyde (C. 1902, I. 405). By warming with alkalis it 
passes smoothly into the salts of formic and methionic acids (Ann. 303, 114). 
The dialkylamides of acetaldehydedisulphonic acid are obtained from sodium 
methionic dialkylamides and formic ester : 


HCOOCHg + NaCH(S0.2NK2)2 HC0 CH(S02NR2)2 or 

HUGH : C(S02NK2)2- 

Further derivatives of glyoxal are those which result from the action of 2HC10, 
2HBrO, and 2Br2 on acetylene — dichloroacetaldehyde, CHClgCHO, dibromoacet- 
aldehyde, CHBraCHO (comp. p. 240). 

Malondialdehyde, CH 2 (CHO) 2 , has not yet been isolated. A derivative of 
its tautomeric hydroxymethylene form, CHOH : CH-CHO, is ethoxyacrolein acetal, 
EtO*CH : CH-CH(OEt) 2 , which is obtained by heating propargyl acetal with 
alcoholic sodium ethoxide. Similarly, the derivative ^-anilitioacrolein anil, 
CgHgNHCH : CH-CH : NC^Hg, is obtained from propiolaldehyde and aniline 
hydrochloride (Ber. 36 , 3668). 

Propane tetraethyl sulphone, CH2[CH(S02C2H5)2]2, m.p. 154°, is derivable 
from malonic dialdehyde, and is synthetically prepared by the condensation of 
formaldehyde with two molecules of methylene diethyl sulphone (p. 247) (Ber. 33 , 
1123). 

Succindialdehyde [butanedialj, CHO*CH 2 *CH 2 -CHO, b.p. 67°/10 mm., can 
bo obtained from diallyl (p. 117) by means of ozone ; but is most conveniently 
prepared by the action of NjOg on its dioxime (p. 408), which is obtained from 
pyrrole. It is isomeric with butyrolactone (p. 427), and can be looked on as 
being a hydrate of furfuran, from which it can be obtained by the action of HCl 
in methyl alcohol, in the form of its tetranicthyl acetal, CH(OCH 3 ) 2 CH 2 CH(OCH 3 ) 2 , 
b.p. 202°. The tetraethyl acetal, b.p. 116°/20 mm., results from the electrolysis 
of the sodium salt of jS-diethoxypropioiiic acid (C2H60)2CHCH2COOK (Ber. 39 , 
891). Succindialdehyde polymerizes readily to a glassy substance from which 
it is regenerated on distillation (Harries, Ber. 35 , 1183 : 39 , 3670). When heated 
with water it forms furfuran, with ammonia pyrrole, and with PjSg thiophene 
(comp. 1 : 4-Diketone8, p. 404). 

Dibromosuccinaldehyde, HCO-CHBr-CHBr-CHO, m.p. 73°, is prepared from 
the aldehyde and bromine. Broniofumaraldehyde, HCO-CH : CBrCHO, b.p. 
130°/15 mm., is obtained by distillation of the previous compound. 

On the breaking down of furfuran into nitroauceinaldehyde, and the conversion 
of the latter, by boiling with water, into fumaric dialdehyde, CHO-CH : CH-CHO, 
see C. 1902, I. 1272. 

Maleinaldehyde tetraethylacetal is more readily accessible by reduction of the 
easily available acetylenedialdehyde diacetal (Ber. 45 , 340). 
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Dibromomaleinaldchydey CHO-CBr : CBr-CHO, m.p. 69°, is obtained from 
jSy-dibromopyrotartaric acid and broinino wator (Ann. 232, 89). 

Glutaric aldehyde, CHO-[CH2]8*^IiO, b.p. 188''/760 mm., is obtained by 
decomposition of ryc/opentanono ozonide. It forms a glassy polymer under the 
action of traces of water, and is volatile in steam (Ber. 41, 1705). 

Homologues of glutaric aldehyde are obtained by condensing aliphatic 
aldehydes with misaturated aldehydes of the acrolein type by sodium ethoxide 
in alcoholic solution {Mccrwciny Ber. 53, 1829). By prolonged action of the 
sodium ethoxide, the dialdehydes undergo isomerization into 8-lactones, e.y : 

Et CH : CMe CHO Et CH CHMe-CHO 

+ > I (see p. 428). 

CHMoa-CHO CMog-CHO 

The higher dialdehydes, from adipic aldehyde upwards, can be synthesized from 
the polymethylene diiodides, by converting them into the dinitro compounds 
with silver nitrite, reducing these to the dioximes and hydrolysing the latter 
(r. Branny Ber. 44, 2526 : 46, 102). 

Adipic dialdehyde {hexanedial]y CHO-[CIl2]4CHO, b.p. 93°/9 mm., is ob- 
tained from a, ai-dihydroxysuberic acid by oxidation with PbOg. Its tetraethyl- 
acetaly (EtO)2CH*[CH2]4*CH(OEt)2, b.p. 148'yi() mm., results from the electrolysis 
of the potassium salt of y-diothoxybutyric acid. The aldehyde polymerizes more 
slowly than the higher and lower homologues, although heating with water 
condenses it rapidly to ci/dopentonaldehyde (Vol. 11) (lier. 39, 891). 

Pimelic aldehyde {hepta'nedial)y CHO [CH2]5-CHO, b.p. 110-112°/33 mm. 
(Ber. 46, 108) ; Disemicarbazoncy m.p. 183''. 

Suberic dialdehyde, octanedialy CHO[CH2]6CHO, b.p. 142°/30 mm., is 
prepared from dihydroxyadipic acid and PbOg. It polymerizes very easily (Ber. 
31, 2106). 

The oximes, hydrazones and osazones of the dialdehydes are described to- 
gether with the corresponding compounds of the aldehyde -ketones and diketones 
(p. 406). 

Acetylenedialdehyde diacetal, (EtO)2CH C : C'CH(OEt)2, b.p. 125-128°/11 
mm., is obtained by the action of orthoformi(^ ester on acetylene dimagnesium 
bromide (Ber. 45, 339). 


5. KETOALDEHYDES 

a-Ketoaldehydes. — Pyruvic aldehyde, melhylglyoxal [propanalono] , CH3- 
CO-CHO, is a yellow volatile oil which is liberated from its monoxime, ivonitroso- 
acetone by dilute acids. It is also obtained by ozonolysis of mesityl oxide, 
and by the action of alkalis on glucose (J. Biol. Chem. 15, 127). It is probably 
an intermediate product in the alcoholic fermentation of hoxoses (p. 140). It 
is most readily prepared by heating dihydroxyacetono with three times its 
weight of phosphorus pentoxide (Ber. 57, 1502). It polymerizes very easily. 

Methylylyoxal acetaly Me-CO-CH(OEt)2, b.p. 30°/10 mm. (Ber. 38, 1630). 

Derivatives include dichloroacetoncy CHgCOCHCL^, b.p. 120° (comp. p. 265), 
produced from allylene and 2HC10. Dibromoacetoncy CHgCOCHBrg, b.p. 142°, 
results from allylene and 2HBrO. Similarly, dichloropinacoliny (CH3)3C*CO‘- 
CHClg, m.p. 51°, and dibromopinacoliriy (CH3)3C*COCHBr2, m.p. 75°, are obtained 
from terL-b\ity\ acetylene. These are derivatives of tort.-butylylyoxal (C. 1900, 
II. 29). 

Propanal disulphonic acidy CH3C(S03H)2CH0, is prepared from propionic 
aldehyde and fuming sulphuric acid (C. 1902, I. 405). 

i8oPropylglyoxal [y-methyl-butanal-j3-one], (CHgijaCH-COCHO, m.p. 95°, 
is produced from the acid CHO-CO'C(CH3)2-COOII by fusion or by boiling with 
water (Ber. 30, 861). 

/S-Ketoaldehydes, such as formyl acetone, CHa-COCHaCHO, have already 
been described (p. 396), since in the free state they assume the aci- configuration, 
which leads to their inclusion with the j3-hydroxymethylene ketones. 

y-Ketoaldehydes. — Laevulinic aldehyde [pentanal-4-one], CHa CO CHgS 
CHjCHO, b.p. 187°/760 mm., b.p. 70°/12 mm., is obtained from its methylal, 
b.p. 86°/ 13 rnm., the reaction product of a boiling solution of hydrochloric acid 
in methyl alcohol on a-methyl furfural or sylvan (Ber. 31, 37). 
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S-Ketoaldehydes are obtained by condensation of aldehydes with aj3-un- 
saturated ketones under the action of sodium ethylate, and readily isomerize 
to S-lactones (see Glutaric aldehyde and p. 428). 


6; DIKETONES 

The relative position of the CO -groups determines them to be either a- or 
1 : 2 -diketones, jS- or 1 : 3 -diketones, y- or 1 : 4-diketono8, etc. 

The a-diketones are most generally designated as compounds of two acid 
radicals, e.g. diacetyl for CH^fJO-COCHa ; the j3-diketones as acyl ketones, e.g. 
acetyl acetone, CHaCO-CHa CO-CHa. 

The diketones react like the monoketones with hydroxylamino and phenyl- 
hydrazine. Their oximes, prepared in another manner, constitute the chief raw 
material from which to prepare the a-diketones. The nitrogen-containing 
derivatives of the diketones, the aldehyde ketones and dialdehydes will be dis- 
cussed after the diketones, because of their greater convenience in this position. 

For the mercaptole and sulphone formation of the diketonos, see Ber. 35, 493. 


(1) a- or 1 : 2-Diketones 


These are obtained (1) from their monoximes, the i6’onitroso- 
ketones, by boiling the latter with dilute sulpluiric acid (v. Pechmann) 
(Ber. 20, 3213: 21, 1411: 22, 527, 532: 24, 3954: C. 1904, II. 
1701) ; (see pyroracemic aldehyde). They are also formed (2) by the 
oxidation of the a-ketols, e.g. the synthetic acyloins by atmospheric 
oxygen ; and (3) accompanied by dinitroparafllns (p. 185), when 
monoketones or the corresponding secondary alcohols are oxidized by 
nitric acid (Ber. 28, 555 : C. 1900, II. 024 : 1901, II. 334) ; (4) from 
a-bromoolefine ketones containing the group — C : CBr-CO — , instead 
of the expected a-olefine ketone-alcohols (]). 390) (Ber. 34, 2092). 

The a-diketones, in contradistinction to the colourless aliphatic 
nionoketones, are yellow, volatile lupiids with a penetrating quinone- 
like odour ; comp, glyoxal (p. 398). On the absorption spectra of 
a-diketones, see C. 1906, II. 495. 

(1) The a-diketones are characterized and distinguished from the 
and y- diketones by their ability to unite with the or^/iophenylene- 
diamines (similarly to glyoxal). In this way they are condensed to 
the quinoxalines {q.v.) : 

yNH, CO'R /N : CR 

C.H/ -f i - CeH,/ 1 + 2H^O. 

XNHg CO R : CR 


All compounds containing the group — CO-CO — , e.g. glyoxal, 
pyroracemic acid, glyoxylic acid, alloxan, dihydroxy tartaric acid, etc., 
react similarly with the o-phenylenediamines. 

(2) Glyoxalines are formed by the interaction of a-diketones with 
ammonia and the aldehydes : 


CHoCO 


-f 2NH3 4- CHs-CHO - 


CH3C— NH\ 
CHoC- 




CHg -f 3H2O. 


(3) a-Diketones, containing a CH 2 -group, adjacent to the CO-group, 
undergo a rather remarkable condensation when acted on by the 
alkalis. Aldols are first produced, and later quinones (Ber. 22, 2215 : 
28, 1845) : 

CHa-COCOCHg CH3C(OH)COCH3 CH3CCOCH 

> I > II II 

CHg-COCOCHa HCCOCCH3. 

i>-Xyloqiilnone. 

DD 


CHj-COCOCHg 
VOL. L 
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(4) Diacetyl and hydrocyanic acid yield the nitrile of dimethyl 
racemic acid (see glyoxal) (Ber. 22, R. 137). 

Diacetyl, CHg-CO-CO-CHg, diketobutane, dimethyl diketone^ dimethylglyoxal 
[butane -dione], is obtained (1) from ii^fonitroso -ethyl methyl ketone by the action 
of dilute sulphuric acid (Ber. 40, 4337) ; (2) from methyl ethyl ketone or methyl 
ethyl carbinol by oxidation with nitric acid, accompanied by dinitro -ethane 
(p. 185) ; (3) from oxalyldiacetic or ketipic acid, COOH-CHaCO-CO-CHaCOOH, 
by elimination of 2CO2 beat (Ber. 20, 3183) ; (4) by oxidation of tetrinic 
acid iq.v.) by KMn04 (Ber. 26, 2220 : Ann. 288, 27) ; (5) by electrolysis of 
pyroraccmic acid, CHgCO-COOH (Ber. 33, 650) ; (6) from vinylidene oxanilide, 
an oxalic acid derivative, and methyl magnesium iodide (Ber. 40, 186). 

It is a yellow liquid with a quinone-like odour, b.p. 87-89°. When shaken 
with hydrochloric acid, diacetyl polymerizes to the trimeric (CHgCO-COCHa)^, m.p. 
105°, b.p. 280°, which decomposes on prolonged heating (Ber. 35, 3290 : 36, 954). 

Tetrachlorodiacetylf CHClg'CO-CO-CHCU, m.p. 84°, results from the action 
of potassium chlorate on chloroanilic acid (together witli tetrachloroacotone, 
p. 265) (Ber. 22, R. 809 : 23, R. 20). Tetrabroinodi acetyl, (CHBra-CO)2 (Ber. 
23, 35), and dibromodiacetyl, (CH2Br*CO)2, are produced by the action of bromine 
on diacetyl. 

Acetylpropionyl, CgHg-CO-CO-CHg, jnethyl ethyl diketone [jSy-pontane-diono], 
b.p. 108°, is obtained from fsonitroso -diethyl ketone ; also by the hydrolysis 
of a-bromoethylidene acetone, CH3CH : CBrCOCHg (Ber. 34, 2092). It condenses 
to duroquinone. 

Acetylbutyryl [/3y-hexane-dione], C3H7COCOCH3, b.p. 128°, acetylisobutyryl, 
(CH3)2CHC0-C0CH3, b.p. 115°, results from the hydrolysis of acetoxymesityl 
oxide (p. 396). 

Acetylfsovaleryl, (CH3)2CHCH 2COCOCH3, b.p. 138°. Acetylcayroyl, 
CH3[CH2]4C0C0CH3, b.p. 172° (C. 1898, 11. 965; 1900, IT. 624). Acetyliso- 
caproyl, (CH3)2CHOH2CH2COCOCH3, b.p. 163° (Ber. 22, 2117: 24, 3956). 

Symmetrical diketones : Dfprop/oD v/, CH3CH .,CO COCH ./dig. Dilmtyryl, 
CHgCHaCHaCO COOH.CHgCHa, b.p. 168°. Di-Mutyryl, (CHgloCHCO COCH- 
(CH3)2, b.p. 145^ Di-imralrryl, (CH3)2CHCH.2CO*COCH..CH(CHd2* Jncaproyl, 
CgHjiCOCOCgHii, b.p. 110-120 /10 mm. Dipivahryl, (Cdl3)3C-CO-(:() C(CH3)3, 
b.p. 170°. All these bodies are obtained from the a-ketols (pp. 393-4), by 
oxidalion with nitric acid or dehydration by moans of finely divided copper 
(J. pr. Chem. [2| 62, 364 : C. 1906, 11. 1115). 

a-Diketone Dichlorides result from the action of hypochlorous acid on alkyl 
acetylenes (p. 112), according to the equation : 

CgHgC : CCH3 + 2HC10 - C2H5CCI2 COCH3 -f H^O. 

Methyl (x-dichloroprupyl ketone, b.]). 138°, yields methyl 

?? -propyl ketone on reduction ; with potassium carbonate solution it forms duro- 
quuD^ne, angelic acid (p. 346), and a-ethyl acrylic acid. The two acids result 
from an intramolecular atomic rearrangement which recalls that of the formation 
of benzilic acid from benzil (p. 48). 

(2) or 1 : 3-Diketones 

These are produced according to two nucleus-synthetic reactions : 
(1) like the hydroxymethyiencketones, by the interaction of acetic 
esters and ketones in the presence of sodium eth oxide, metallic sodium 
or sodamide (Claisen, Ber. 22, 1009 : 23, R. 40 : 38, 695). The 
condensation proceeds like the acetoacetic ester condensation (p. 4()7) 
and consists, first, of the formation of the sodium derivativti of the 
enolic form of the ketone. The sodium derivative then combines witli 
the ester, and by loss of alcohol from the resulting product, the sodium 
derivative of the diketone is formed. 

CH3 CO CH3 CH3-C(ONa) : CH^ 

CHg CXONa) : CHg + CH3 COOEt CH3OCH2 CO CH3 

Na(^^Et 

CH8 C(ONa) : CH CO CH3 + EiOH 
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(2) By the action of AICI 3 on acetyl chloride and the subsequent 
decomposition of the aluminium derivative. This reaction was dis- 
covered by Combes, but correctly interpreted by Gustavson (Ber. 21 , 


R. 252 : 22 , 1009 : C. 1901, I. 1263) : 

3CH3COCI + AICI3 - 2HC1 


CHgCO^^^’ CCI2O AICI2 


HjO 
>- 


CH3CO 

CH3CO 


>CHC02H 


- COa 
^ 


CH3— CO 
CH3~C0 


>CH,. 


(3) Acylacetoacetic esters (p. 602), when licated with water at 
140-150^^, decompose into CO.,, alcohol and /i-diketones (C. 1903, I. 
225) : 


CH^CH.CH.CO 


cii!cO>CHC03C3H, 


HaO 


+ CO3 -h C^H.OH. 


Constitution . — The 1 ; 3 diketoncs resemble the liydroxymethylene- 
ketones (p. 396) in the possession of acidic properties, but whereas 
the latter are usually regarded as hydroxymethylcne or enolic com- 
pounds, the diketones, either free or in solution apparently exist as 
an equilibrium mixture of keto and enol forms, the position of equi- 
librium being determined by the characters of tlie solvent among 
other factors. Tiie salts are derived from the enol form, R-CO-CH. : C- 
(ONa)*R. (r/. also Acetoacetic ester, p. 473, formylacetic ester, p. 456, 
and introduction, p. 50). 

Reactions . — A very cliaracteiistic reaction is the precipitation of 
their alkali salts by copper acetate. Ferric chloride imparts an intense 
red colour to their alcoholic solution. 

When the salts of /I'-diketones are treated with alkyl iodides, the 
CH 2 -group becomes alkylated (comp. Acetoacetic ester) ; 

CH3C()CH.,CO(hH7 CH3C()CH(CFr3)(X)(J3H7. 

CH3I 

Hydroxylamine converts the /1-diketones into isoxazoles, phenylhydra- 
zine into pyrazolcs (pp. 407, 409). 

Acetylacetone, CH3CO-CH2’CO-CH3, b.p. 137° (see above for methods of 
formation). Electrolysis of an alcoholic solution of sodimn acetylacetone, or the 
action of iodine on the same body, leads to the formation of tetraacetylethane 
(Ber. 26, K. 884). With S.fiU and SClg it forms dithio- and monothio-acetyl- 
acetone respectively (Ber. 27, it. 401, 789). HgS j)roduces a dimeric dithloacctyl- 
acetone (0511382)2, m.p. 163° (0. 1901, II. 397). Cyanogen unites with acetyl 
acetone in presence of a little sodium ethoxide to form cyaniminonieihylaceiyl- 
acetone, NC-C(NH)-OH(COCH3)2, m.p. 130°, and diiininotelraacetylbutane, 
(CH3C0)2C(NH)C(NH)CH(C0CH3)2, m.p. 147° (Ber. 31, 2938). 

The 7 netallic salts of acetylacetone resemble one another in their remarkable 
stability. Those of Be, Al, Or, Mn, Zn, Ee, Cu, Hg, Mo, Pt", Ce, La, Th, and 
others have been prepared, of which some, on account of their power of crystal- 
lization, have been employed for the determination of the valency and atomic 
weights of the rare elements (0. 1900, I. 588 : Bor. 34, 2584 : Ann. 331, 334). 
Copper acetylacetone, Cu(C6H702)2* Beryllium acetylacetone, Be(C5H702)2, ni.p. 
108°, b.p. 270°. Aluminium acetylacetone, A1(C6H702)3» m.p. 193°, b.p. 314°. 
The vapour density of these compounds reveals the divalence of Be and the 
trivalence of Al. Chrorniuin acetylacetone, Cr(C5H702)3, b.p. 340°, is of a violet 
colour, and gives off a green vapour {Coombes, Ber. 28, II. 10 : 0. 1899, II. 525). 

OctochloroacetylaceUjne, m.p. 53°, and octobromoacetylacetone, CBr3COCBr2- 
COCBra, m.p. 154°, are obtained from phloroglucinol, and chlorine or bromine 
respectively (Vol. II) (Ber. 23, 1717). 

Alkyl acetylacetones are obtained from acetylacetone by sodium and alkyl 
iodides (Ber. 20 , R. 283: 21 , R. 11). 
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AcetylpropionylmetJuiney CHaCOCHjCOCjHg, b.p. 168°. Acetylbutyrylmethane, 
b.p. 175° (Bor. 22, 1015 : C. 1903, I. 225). Acetylisobutyrylmeihanef b.p. 168° 
(Ber. 31, 1342: C. 1900, II. 317). Acetylcaproylmethane, CH8[CHJ4C0CH2-- 
COCHg, b.p. 100°/20 inm., also results from acetyloenanthylidene (p. 276) and 
sulphuric acid (C. 1900, II. 1262 : 1903, I. 226). 

Higher j3*diketones : see C. 1902, I. 668. 


(3) y- or 1 : 4-Diketones 

A general method for the preparation of these ketones has been 
evolved, starting from succinyl chloride. The chloride of a succinoxy- 
fatty acid, produced from succinyl chloride and a-hydroxy^ 5 obut 3 n•ic 
acid, reacts with zinc alkyls to form a dilactone, from which the 
desired diketone is obtained by alcoholysis. Dipropionylethane 
(Octane-yC-dione), for example, is obtained by the following reactions 
(Compt. rend. 158, 504). 

PCI 

(•CHj-COCOj 4- 2HOCMe2-COOH (•CHa CO O-CMea-COOH)^ > 


(•CH2*C0-0-CMe2-C0Cl)2 


ZnEtl 




/•CH2-CEt-OCMe2*CO\ 
[ ' -o - ; 


>(-CH2-CO-Et)2 


Further special methods for the preparation of individual diketones 
are described under the compounds concerned. 

Reactions . — The 1 : 4-diketones are incapable of salt formation, 
and are consequently insoluble in alkalis. They readily form mono- 
and dioximes, and mono- and di-phenylhydrazones : the latter, un- 
like the osazones of the 1 : 2-diketones, are colourless. The most 
characteristic property of the 1 : 4-compound8 is the readiness with 
which they form ring compounds derived from furan, thiophen and 
pyrrole (Paal, Ber. 18, 58, 367, 2251). 

( 1 ) The direct removal of one molecule of water from acetonyl- 
acetone by distillation with zinc chloride or P 2 O 5 results in the forma- 
tion of dimethylfurfuran (Ber. 20, 1085) : 


Clla-CO CHj CH = 

I =1 + H 2 O. 

CHj CO CH3 CH 

Dimethylfurfuran. 

Other y-diketone compounds react in a similar manner [Knorr, Ber. 
17, 2756). 

( 2 ) When heated with phosphorus sulphide acetonylacetone yields 
dimethylthiophen : 


AH the y- diketones or 1 : 4-dicarboxyl compounds, e.g. the y-ketonic 
acids (q.v.)^ yield the corresponding thiophen derivatives upon like 
treatment (Ber. 19, 551). 

(3) Dimethylpyrrole is produced on heating acetonylacetone with 
alcoholic ammonia : 


CH 2 COCH 3 

I 

CH 2 COCH 3 


+ H 2 S = I 


cH=c<r' 
=c<c: 


CH: 


CHa 

:s -f 2 H 2 O 

IHa 


Dimethylthiophen. 


CHa-COCHa 

I 

CHjCOCHa 


+ NH, 


I ^NH + 2Hi,0. 

C<CH. 


CH 


Dimethylpyrrole. 
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All compounds containing two CO-groupa in the 1 : 4-position 
react similarly with ammonia and amines, e.g. diacetosuccinic ester 
and Isevulinic ester. All the pyrrole derivatives formed as above, 
when boiled with dilute mineral acids, have the power of colouring 
a pine chip an intense red. This reaction is, therefore, a means of 
recognizing all 1 : 4-diketone compounds (Ber. 19, 46). 

In all these conversions of acetonylacetone into pyrrole, thiophen, 
and furfuran derivatives, it may bo assumed that it first passes from 
the diketone form into the pseudo-ioTm of the diolefine glycol (p. 50) : 


CH2COCH3 

I 

CH2COCH3 


CH: 

“>• I 
CH 




and from this, by replacing the 20H-groups with S, O, or NH, the 
corresponding furfuran, thiophen, and pyrrole compounds are pro- 
duced (Ber. 19, 551). 


Acetonylacetone, sym.-diacetyletJuine^ pe-hexane-dione^ CHaCO-CHjCHj- 
COCH3, m.p. —9°, b.p. D20 = 0*973, is obtained from pyrotritario acid, 

C7H8O3 [q.v.) ; from acetonylacetoacetic ester {q.v.), when heated to 160° with 
water (Ber. 18, 58) ; and from i^opyrotritaric acid and diacetylsuccinic ester, 
when they are boiled with potassium carbonate solution (Ber. 33, 1219). It is 
a liquid with an agreeable odour, and is miscible with water, alcohol, and ether. 

^-Methylheptane-y^-dione, co’dimethyllcevuUnic methyl ketone, CHMej-CO- 
CHg'CHj'CO-CHa, b.p. 9l°/12 mm., is a degradation product of the terpene 
ketone, tanace.Ume (Vol. II). It is prepared from the glycol Me2C(OH)*CH(OH)*- 
CHa'CHg’CO CHa by boiling with dilute sulphuric acid (Bor. 35, 1179). 

Octane-y^-dione, dipropionylethans, CaHj'CO-CHg CHa’CO'CaHj, m.p. 34- 
35°, b.p. 98°/14 mm. (Compt. rend. 158, 504). 


(4) 1:5-, 1:6- and 1 : 7-Diketones 


8 or 1 ; 6-Dlketones are only obtained with difificulty. If it is attempted 
to prepare them from the 8 - dike tonedi carboxylic esters, resulting from the 
condensation of aldehydes and acetoacetic esters, e.g. aa-diacetylglutaric ester : 


pxx^COCH3 


by splitting off carboxyothyl groups, there results instead of, for example, 
jS^-heptane-dione, CH3CO-CH2CH2CH2-COCH3, a cyclic compound, — 3-methyl- 
J^-cj/dohexen-l-one (Ann. 288, 321). 

Heptane-iS^dione, CH3*CO*[CH2]3-CO*CH3, m.p. 34°, b.p. 96-97°/10 mm., 
is however obtained by decomposition of the ozonide of a-i.90caoutchouc (Ber. 
47, 784). DioximCf m.p. 87°. It changes to the methylc?/cZohexenone when 
warmed with dilute sodium hydroxide. 

1 : 6- or €-Diketones. ccb-Diacetylbutane, Py-octane-dione, m.p. 44°, results 
from the electrolysis of potassium Ifevulinate : 


2CH3COCH2CH2 : COO : K CH3COCH2CH2 CII.,CHa COCH3. 


It is also obtained by the ketonic decomposition of diacetyladipic ester {q.v.) 
(Bor. 33, 650). 

The compound hh€€-tetramethyloctane-prj-dione^ (I) passes immediately on 
formation into the isomeric acetylpentamethylcycZopentanol (II) and there is no 
tendency for the reverse change to occur. The compound only yields a monoxime 
and a monoaemicarbazone, both of which occur in two stereoisorneric forms, but 
no di- derivative could be obtained (J.C.S. 1927, 594). 


CMea-CHg-COMe CMe^ CHg^ 

(I) I > (II) I ^CMe-OH. 

CMe2CH2-COMe CMea*CH(COMe)/ 
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1 : 7- or ^-Diketone, diacetylpentane, CHgCO* (CH,) 5 *COCH 3 , belongs to this 
class. Wlioii rcducod, it undergoes an intramolecular pinacone formation and 


becomes dimothylct/cZolioptanediol, CH3*C(OH)[CH2]6C(OH)CH3 (Bor. 23, R. 
249 : 24, R. G84 : 26, R. 316). 

NITROGEN-CONTAINING DERIVATIVES OF THE DIALDE- 
HYDES, ALDEHYDE KETONES AND DIKETONES 

1. For the action of ammonia on glyoxal and acetonylacetone, see pp. 
401, 404. Action of ammonia on acetylacetone, see p. 397. 

2. Oximes 

A. Monoximes. — {a) Aldoximes of the cc-nldchyde ketones and m.onoximes of 
the OL-dikrtoNcs : i?^o nitrosoketmtes. These bodies are formed (la) by the action 
of nit rogen irioxide on ketones (Ber. 20, 639). By this reaction mixed ked-ones, 
which contain the — (X) — group united to two CHg-groups, yield t-wo different 
hwnitroso-ketones ; but if tlie — CO — group is joined to a tertiary alkyl, only 
one hsonitroso -ketone is formed (C. 1898, II. 965). 

(16) When amyl nitrite in the presence of sodium othoxido or hydrochloric 
acid acts on ketones (Ber. 20, 2194 : 28, 1915) : 

CH3COCH3 + NO O C5H11 - CH3C0CH( : N-OII) + C5H11OH. 

An exct'ss of amyl nitrite decomposes the oximino-body, whereby the oximino- 
groii]^ is replaced by oxygen, with the production of a-dikoto-deriyatiyes (Ber. 22, 
527 : C. 1904, II.‘ 17(il). 

(2) As acetone is formed from acetoacetic ester, ?>enitroso- or oximino-acetone 
can be prepared from t he oximino-deriyatiye of acetoacetic ester (Ber. 15, 1326). 
Nitrous acid decomposes acetoacetic acid into oximino-acetone and carbon 
dioxide : 

CH3COCH3CO2H -f NO OH = CH3-C0CH( : N-OH) + CO2 + H2O. 

Similarly, by the action of nitrous aci<l, nitrosyl sulphate or chloride, the oximinol 
comj)ounds of tla' higher acetones can be directly deriyed from the monoalky- 
acetoacetic acids and their esters by elimination of carbon dioxide (Ber. 20, 531 : 
C. 1904, II. 1700) : 

+ NO OH - + CO, + H,0, 

whilst the dialkylacotoacet ic acids do not react (Ber. 15, 3067). 

Vrojirrlies . — The ?.sY;nitros‘^ ketones are colourless, crystalline bodies, easily 
soluble in alf'ohol, ether and chloroform, but usually more sparingly soluble in 
water. 4diey dissolve in the alkalis, the hydrogen of the hydroxyl group being 
replp'^eii by metal, with the formation of salts haying an intensely yellow colour. 
Ihey yiehl a yellow coloration with phenol and sulphuric acid, and not the blue 
coloration of the nitroso -reaction (Ber. 15, 1529). 

React ions. ~{\) The oximino-group can be split off and be replaced by oxygen, 
which will lead to the formation of diketo-bodies, — CO-CO — . This result may 
be brought about by the addition of sodium bisulphite and boiling the resulting 
imidosulphonic acid with dilute acids (Ber. 20, 3162). The reaction also takes 
place when hwnitrosokebmes are boiled directly with dilute sulphuric acid (Ber. 
20, 3213). The decomposition is sometimes more readily effected by nitrous 
acid (Ber. 22, 532 : C. 1904, II. 1701). 

(2) The aldoximino-ketones, like the aldoximes (p. 250), are conyerted by 
dehydrating agents — e.g. acetic anhydride — into acyl cyanides or a-ketocarboxylic 
nitriles {q.v.) (Ber. 20, 2196). 

(3) Aminoketones (p. 397) are produced in the reduction of isonitroso -ketones 
by means of stannous chloride. 

(4) Two molecules of phenyl hydrazine, acting on the ^^^onitroso -ketones, 
produce osazones, e.g. CH3-C(N2H-C3H5)CH(N2H'C6&6) — acetonosazone (Ber. 22, 
528). Semicarbazide gives rise to semicarbazone oximes ^ most of which are slightly 
soluble and possessed of high molting points (C. 1904, II. 304, 1700). 

(5) By the further action of hydroxylamine or its hydrochloride (Ber. 16, 182 : 
C. 1904, II. 1700) on i^onitroso -ketones, dioximes of the a-aldehyde ketones 
and a-diketones are produced. 
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(6) Halogon alkyls acting on the salts of i^onitroso -ketones produce ethers 
(comp. Bor. 15, 3073 : 38 , 1917) : 

CH3C0C(N0K)CH3 + CH3I = CH3C0C(N0CH3)CH3 + KI. 

which are the alkoximos of tlio a-dikotones. They are more stable than the free 
v^venitroso-ko tones, and aro therefore more suitable for use in many synthetic 
reactions. 

isoNitroso- acetone, aldoxime of 'pyrorncemic aldehyde, CHs-CO-CH : N-OH, 
m.p. 65°, is very readily soluble in water ; crystallizes in silvery, glistening 
tablets or prisms ; melts and decomposes at higher temperatures, but may be 
volatilized in a current of steam. 

Monoximes of the a-Diketones, — isoNitroso-ethyl methyl ketone, CH3CO'C = 
NOH-CHg, m.p. 74°, b.yj. 185-188". Preparation (Ber. 35 , 3290). Action of 
HCl on ^.s-onitroso -ethyl methyl ketone (Ber. 38 , 3357). i^oNitroso-yncthyl propyl 
ketone, CHaClO-C ^NOH-CUloCHg, m.p. 52-53°, b.p. 183-187°. moNitroso- 
diethyl ket^nr, (^2^ 5'COC — NOH-CHa, m.p. 59-62°. isoNitroso-methyl butyl 
ketone, ( ■H3*(X)C — NOH -(^3117, m.p. 49-5°. moNitroso-methyl imbutyl ketone, 
— NOH-C]HI(Cll3)o, m.p. 75°. iHoNitroso~7ncthyl isoamyl ketone, CHg*, 
(X)(X -N()H Cll2 Cll(CH3)2, m.y>. 42" C. moNitroso -methyl iaocapryl ketone, 
CH3(XlC--NOHCH2(dl2CH((di3)2, m.p. 38". 

Per other i.vonitroso -ketones see C. 1899, 1. 190 ; II. 524 : 1904, II. 1700. 


B. Oxime-anhydrides of the /3-Diketones or Isoxazoles. 

Monoximes of the /3-for?nylketones and of the ^-diketones aro not known. 
In the Ht'tem])t to prepare them water is lost and an intramolecular anhydride 
formation takes place. The oxime-anhydrides aro isomeric with oxazoles, which 
also consist of five menibei’s ; hence their name, isoxazolea (Ber. 21, 2178: 
24, 390 : 25, 1787). 

Isoxazole, oxime-anhydride of mnlonie dialdehyde, (see Formula (I) below) 
b.p. 95°, is prepared from pro|)argyl aldehyde or /S-anilino -acrolein anil (p. 399) 
by hydroxylarnine. Alcoholic alkalis convert it into cyanacetaldehyde (p. 457) 
(Ber. 36 , 3665) : 

(4) (5) 

CH-PFTx CH..CHO 

1 ( 1 ) ^1 

C£=:N 

(:i) (2) 

(I) 


b-M ethyl isoxazole, (-H3C3H2NO, b.p. 122°, and 3-niethylisoxazole, CH3C3H2NO, 
b.p. 1 1 8", result fjrnn hydroxymethylene acetone. They are transparent liquids, 
having an intense odour rosea nbling that of p>Tidine. 5-Methylisoxazole readily 
becomes rearranged into cyanacetone (p. 475) : 


CH-CHOH 


CH-CH CH-COCH3 CH CCHj 

^ 11^ 7|1 II > yll 

-2H,0 CHgCa N CHOH NH, -2H.0 CHa N 






HO ^ HO 

3 : r) -I) ifn ethyl isoxazole, b.p. 141°, has a very peculiar odour, and is obtained 
from acetylacetone and hydroxylarnine liydrochloride. 


C. Dioximes. 

{a) a-Dioximes. — When glyoxal, of which the monoxime is not known, 
pyroracomic aldehyde and the a-diketonos are treated with hydroxylarnine 
liydrochloride, the oi-dioximes or glyoximes are formed. They can also be obtained 
from a-f.wnitroso-ketones or a-dichloroketones. The glyoximes form character- 
istic comiilex compounds with Ni, Co, Pt, Fe, Cu, which are stable and strongly 
coloured ; the metal is united to two glyoxime molecules (Ber. 39 , 2692, 3382). 

Glyoxime, CH( : NOH)-CH( : NOH), m.p. 178" (Ber. 17, 2001 : 25, 705 : 28, 
R. 620), is prepared from trichlorolactic acid (p. 421). Methylgly oxime, acetoximiz 
acid, CH3C(NOH)-CH(NOH), m.p. 153°. Dimethylglyoximo, diacetyldioxime, 
CH3C(N0'H) C(N0H)CH3, m.p. 234° (Ber. 28, R. 1006: J. pr. Chem. [2] 77, 
414) is employed as a sensitive test for the presence of nickel. Meihylethyl- 
glyoxime, CH3C(NOH)*C(NOH)-C2H5, m.p. 172" (Ber. 34 , 3978). Methylpropyl- 
glyoxime, m.p. 168°. %Qvt.-Butylgly oxime, (CH3)3C-C(NOH)CH(NOH), m.p. 102°, 
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is prepared from dii^liloropinacolin. Mcthylisolnitylglyoximet in.p. 170-172'’. 
Higher homologiies of glyoxime, see O. 1899, IT. 524 : 1904, II. 1700. 

(6) Furoxan derivatives (Ber. 23, 3496) result when NOg acts on an ethereal 

O 

CHa-C— Nv 

solution of the glyoximes ; dim-fthyl furoxan^ ^-P* 222”. 

CH3C-N/ 

Mfthylcihylfuroxa)}, h.p. 115”/16 mm. (Constitution, see Ann. 424, 107). 

(r) Furazans, azoxazolcs, fvrodiazoles are the anhydrides obtained from 
CH : N\ 

certain a-dioximes. FurazaUf | \0, itself is not known, whilst dimethyl- 

CH:NX 

furazan, for example, has been prepared from diacetyl dioxime. 

{d) ^-Dioximes, acetylacetone dioxime^ CH3C(NOH)CH2C(NOH)CH3, m.p. 
150”, is produced from acetylacetone by an excess of hydroxylamino. It easily 
gives this up and is converted into dimethylisoxazole (see above). Reduction 
by sodium and alcohol gives ^S-diaminopentane. Electrolytic reduction in 
sulphuric acid solution loads to the formation of dimethylpyrazolidine, 

CHa-CH— NH 

I I 

CH, NH 


(Ber. 36, 219). 

(e) y-Dioximes, derived from the y-dialdehydes, y-aldehyde-ketones and 
y-diketones, may be prepared (1) by the action of hydroxylamine on pyrrole 
(Ber. 22, 1968) and alkylpyrroles (Ber. 23, 1788) ; (2) from y-diketonos and 
hydroxylamine. They are decomposed by boiling alkalis into the corresponding 
acids, or y-diketones ; the latter are far better obtained by means of nitrous 
acid. 

Succ'inaldehydp dwxime^ HON : CHCHjCHaCH : NOH, m.p. 173”, passes upon 
reduction into totramethylene diamine (p. 384), and into succinic dialdehyde by 
the action of N2O3 (Ber. 35, 1184). Ethylsuccinaldioximcy HON : CHCH(C2H5)- 
CHgCH : N(OH), m.p. 135°. PropionylpropioTmldioxiwe, CHgCHgC : N(OH)CH2- 
CHgCH : N(OH), m.p. 85°. Methyllcevulinaldioxime, CHsC : N(OH)CH2CH(CH)8. 
CH : N(OH). Acetonylacctone dioxime, CH3C : N(OH)CH2CH2C : N(OH)CH8, 
m.p. 135°. ix)a)-THacetylj}entanc dioxime, CH3C : N(OH)[CH2]6C : N(OH)CHa» 
m.p. 172°. 

3. Hydrazine, Fhenylhydrazine and Semicarbazide Derivatives 

CHgC^N 

Pimethylaziethane, | | , m.p. above 270°, and dimethylbiahydrazimethy- 

CH3C-N 
NHv /NH 

lene, | pC(Cn3)*C(CHs)/ | , m.p. 158°, are obtained from diacetyl and 

NH/ \NH 

hydrazine (J. pr. Chem. [2] 44, 174). Dimethylaziethane is also prepared from 
diacetyl acetylhydrazone, CH3C(N ; N-COCHg) : C(OH)CH3, m.p. 167°, by heating 
it with alkalis. 

The mono-semicarbazones of the a-diketones dissolve in alkalis, like the 
monoximes (p. 406), to a yellow solution. Diacetyl semicarbazone, CHgCOC- 
(NNHC0NH2)CH8, or CHg : C(OH) C(NNHCONH2)CH8, m.p. 235°. Acetyl 
propionyl semicarbazone, m.p. 209° (Bor. 36, 3183°). 

Olyoxal disemicarbazone, (NHgCONHN : CH — )2, is a slightly soluble crystalline 
powder of high melting point (Ber. 40, 71). 

Glyoxal bisguanidine, : CH-CH : NHNc/ +H,0,m.p.266", 

NH/ \nH. 

with dcicomposition, is formed from dichloroaldehyde (p. 240) and aminoguanidine 
(Ann. 202, 284). Diacetyl disemicarbazone, m.p. 279°. 

Monophenylhydrazones. — Hyd/razone of pyroracemic aldehyde, CHgCO'CH .- 
N'NH'CjHj, m.p. 148°, is obtained by hydrolysing the reaction-product resulting 
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from diazobonzoiio clilorido and Rodiiim acetoacotic ester with alcoholic sodium 
hydroNide (C. 1901, I. 299). CHaCO-C : (NNHC^Hb)- 

CII3, m.p. 1 has been prepared from diacotyl and from methyl -ace toace tic 
ester {Japp and Klinrjcinnini) (Ann. 247, 190). 

oc-AcfitylprojyionylphcnylJiydr^^ ("H3C( : NNHCflH5)-COC2H6, m.p. 97'’, is 
obtained from acetyl propionyl. ^-Aceiylpropionylphenylhydrazonc, CHaCO-C 
(NNHC«H^)CoH 5, m.p. 117°, is prepared from ethylacetoacetic acid and diazoben- 
zene chloride. 

Diphenylhydrazones or Osazones.—Glyoxal (p. 398), methyl glyoxal 
(p. 400), the a-diketones and the a-isonitroso-ketones, when treated with phenyl- 
liydrazine, lose two molecules of water or water and hydroxylamine, respectively, 
and form diphenylhydrazones or osazoncs, which can also be obtained from 
a-hydroxyaldehydos, a-hydroxyketones, a-aminoaldehydes and a-aminoketones, 
the alcohol or other group adjacent to the keto group undergoing oxidation. 
The osazones are especially important in the chemistry of the aldopentoses, 
and the aldo- and kotohexoses. The osazones are oxidized by potassium chromate 
and acetic acid to osotetrazones, which are converted by hydrochloric acid and 
ferric chloride into osotriazoncs : 


CH^C^N— NHCeHs q CHeC^N— NCeH^ Fe.CU CH,C=Nk 

I y t I I >N-C.H3. 

CH.,C=N— NHCeHj CH,C=N— NC0H5 HCl CH3C=N/ 

Diacetyl osazono. Diacctyl osotetrazoiic. Diacetyl osotriazone. 

Glyoxal osazone, C^HsKH N : CHCH : N-NHCeHs, m.p. 177°, is also formed 
from formaldehyde and phenyl hydrazine, with the intermediate formation of 
glycolyl aldehyde (p. 387) (Ber. 30, 24r)9). Glyoxal osotatrazoncy m.p. 145° (Ber. 
17, 2001; 21, 2752; 26, 1045). 

Methyl^lyoxal osazone, m.p. 145° (Ber. 26, 2203). Methylglyoxal oaotetra- 
zonc, m.p. 107°. Methylglyoxal osotriazone, b.p. 150°/10 mm. (Ber. 21, 2755). 

Diacetyl osazone, m.p. 236° (decomp.) (Ber. 20, 3184; Ann. 249, 203). 
Diacetyl osotetrazone, m.p. 169° (decomp.). Diacetyl osotriazone, m.p. 35°, b.p. 
255° (Ber. 21, 2759). Acetyl propionyl osazone, m.p. 162° (Bor. 21, 1414 : Ann. 
247, 221). 

The 1 ; 3-diketonos and the 1 : 3-hydroxymoth^lene ketones (p. 396) unite 
with hydrazine and phenylhydrazine, forming pyrazolcs (Vol. Ill), which may be 
regarded as derivatives of the 1 : 3-olefine ketols (Ann. 279, 237) : e.g. hydroxy- 

^CH NH 

methylene acetone and hydrazine yield Z-methylpyrazolc, CH<f^ 1 

\C(CH3);N 

(Ber. 27, 954). 

Acetonylacotone, a 1 : 4-diketone, and phenylhydrazine yield : Acctonylacctonc 
diphenylhydrazonc, m.p. 120°, and anili} 10 -dimethyl -pyrrole, 


CH : C(CH3 )x 
I >N-NHCeH3, 

CH : C(CH3)/ 

m.p. 90°, b.p. 270° (Ber. 18, 60 : 22, 170). (Products from acetylacetone and 
hydrazine). 

a-Hydrazoximes . — Methylglyoxal phenylhydrazoxirne, CHa-C : N(NHC6H5)- 
CH : NOH, m.p. 134°, is prepared by the action of phenylhydrazine on iso- 
nitroso-acetoacetic acid. It parts readily with water and yields methyl-A'- 
CH3C 

phenyl-osotriazolc, | NNCgHg ; (Vol. Ill) (Ann. 262, 278). 

CH =N/ 
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7. HYDROXY-ACIDS, CnH2n(OH) COOH 

The acids of this series show simultaneously the reactions of an 
alcohol and a carboxylic acid. The reactions of any individual mem- 
ber of the series are conditioned by two factors, (i) the nature of the 
alcoholic hydroxy group, which may be primary, secondary or ter- 
tiary, and which yields different oxidation products in each of the 
three cases, and (ii) the relative positions of the hydroxy and carboxyl 
groups in the molecule. 

The '' Geneva names ” are formed by the insertion of the syllable 
ol,” characteristic of alcohols, between the name of the hydrocarbon 
and the word “ acid ” ; CHoOH-COOH, hydroxyacetic acid, or 
[ethanol acid]. 

Glycollic and lactic acids are the best-known and most important 
representatives . 


General Melhods of Forynaiion 

(1) Careful oxidation (a) of glycols containing at least one primary 
alcohol group with dilute nitric acid, or platinum sponge and air, e.g. : 

CH 2 OH CH 2 OH + O 2 CHgOH-COOH + H 2 O. 

(h) The oxidation of hydroxy aldehydes. 

(2) The reduction of the aldehyde acids, the ketonic acids, and 
dicarboxylic acids Iw sodium amalgam, zinc and hydrochloric or sul- 
phuric acid, sodium and alcohol, or electrolysis. 

Pyroracemic acid, CH 3 CO CO 2 H + 2H CH 3 CH( 0 H)-C 02 H. 

Oxalic acid, COOH-COOH + 4H = COOH-CHgOH + H 2 O. 

This reaction is frequently used in preparing f}-, y- and (5-hydroxy- 
acids from /^-, y- and 5-ketone carboxylic esters. 

(3) Fatty acids containing a tertiary hydrogen atom can be directly 
oxidized to the hydroxy-acid by permanganate or nitric acid (R. 
Meyer, Ber. 11, 1283, 1787 : 12, 2238: Ann. 208, 60: 220, 56 : 
Ber. 14, 1782 : 16, 2318). 

(4) By heating unsaturated fatty acids with aqueous potassium 
or sodium hydroxide to 100° (Ann. 283, 50). 

(5) By the reaction of the monohalogen fatty acids with silver 
oxide, boiling alkaHs, or even water. The conditions of the reaction 
are perfectly similar to those observed in the conversion of the 
alkyl halides into alcohols. 

CH 2 CI CO 2 H -f HgO = CH2(0H)C00H -f HCl. 

The a-derivativos yield a-hydroxy-acids ; the j3-derivatives are occasionally 
changed to unsatnrated acids by the splitting-off of a halogen acid, whilst the 

410 
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y-oompounds form y-hydroxy -acids, which subsequently pass into lactones. 
y-Halogen acids are converted directly into lactones by the alkali carbonates. 

(6) By the action of nitrous acid on amino-acids : 

CH2(NH2)C02H + HNO 2 = CH2(0H)C02H + N 2 + H 2 O. 

Aminoacetic acid. Hydroxyacetic acid. 

(7) The hydroxy-acids can be obtained from the diazo-fatty acids 
on boiling them with water or dilute acids. 

(8) Fpom the a-ketone-alcohols — e.g. butyroin and i6*ovaleroin 
(p. 394) — on treating them with alkalis and air, the first-formed 1 : 2 
diketone undergoing a benzilic acid transformation (Ann. 434, 271). 

NucIpms- synthetic Methods of Formation. — (9) By allowing hydro- 
cyanic acid and hydrochloric acid to act on the aldeliydes and 
ketones. At first cyanohydrins, the nitriles of hydroxy-acids (q.v.), 
are produced after which hydrochloric acid changes the cyanogen 
group into carboxyl : 

1 . CH3 CHO + HNC CH3 CH( 0 H) CN 

2. CH3Cn(OH) CN + 2H/) == CH3*ClI(OH) COOH + NH3. 

a-llydroxypropifniic acid . 

The conversion of the cyanohydrins into the hydroxy acids is 
carried out by means of concentrated hydrochloric acid, the amides 
being produced in the cold, and converted into the acids on heating 
with dilute hydrochloric acid. Dilute sulphuric acid sometimes acts 
more readily. 

Ethylene oxide reacts with hydrogen cyanide like acetaldehyde. 

(10) The glycol chlorohydrins (p. 309) undergo a similar alteration 
through the action of potassium cyanide and acids : 

1. CH2(0H)-CH2C1 4- KNC - CH2(OH)CH2 CN + KCl, 

2. CHa(OH) CH2CN + 2H2O -= CH2(0H)-CH2*C02H + NH3. 

/9-Hydroxy propionic arid. 

(11) A method of ready applicability in the synthesis of a-hydroxy- 
acids consists in acting on ethyl oxalate with zinc and alkyl iodides 
(FrayMand and Duppa). This reaction is like that in the formation 
of tertiary alcohols from the acid chlorides by means of zinc ethyl, 
or of the secondary alcohols from alkyl formates (p. 132) — 1 and 2 
alkyl groups arc introduced into one carboxyl group (Ann. 185, 184) : 

•C2H5 Zn(CH ,)3 /O-CgHs Zn((^H3)2 H,0 

> cf-CBs > C(-CB^ 

iXoZnCHa |\()ZriCH3 

2H5 CO2C2H6 CO2C2H5 CO2C2H, 

Ethyl oxalate. Kthvl a-hydroxy- 

?s7)biityrate. 

If we employ two alkyl iodides, two different alkyl groups may 
be introduced. 

(12a) j^-Hydroxy-acids are formed when aldehydes or ketones are 
condensed with a-halogen fatty acid esters by means of zinc or mag- 
nesium ; e.g. propionic aldehyde and a-bromopropionic ester yield 
a-methyl-/?-ethylhydracrylic acid, C 2 H 5 CH(OH)CH(CH 3 )COOH ; tri- 
oxymethylene, a-bromo^r9obutyric ester and zinc yield aa-dimethyl- 
hydracrylic acid (comp. p. 423) (C. 1901, I. 1196 : II. 30 : 1902, 
I. 856). 

(126) Ketone acid esters and magnesium alkyl iodides produce, in 
part, tertiary hydroxy-acid esters ; also, ethyl oxalyl chloride with 



/CH 3 
C(-CB, 
I \OH 
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magnesium alkyl halides yields the ethyl oxalyl derivative of the 
a-hydroxy-acid ‘ester (C. 1902, II. 1359: 1900, II. 1110): 

CH.COCOoC^H, -f CH^Mgl = (CH3)2C(OMgT)C02C,H, 

2 C 2 H 5 OCO COCI -f 2CH3MgI = C2H3000 C(CH3)20-CO C02C2H5 + 2MgClI. 

(13) When sodium or sodium ethoxide acts on the acetic esters 
and propionic esters it converts them into /5-ketone-carboxylic esters, 
but in the case of butyric and ^5obutyric esters it produces the ether 
(\sters of /^-hydroxy-acids, such as ethoxycaprylic ester, (CH 3 ) 2 CH*CH- 
(0C2H5)*C(CH3)2C02C2H5, from i\s*obutyric ester (Ann. 249, 54). 

Cleavage- Reactions. — (14) The fatty acids are formed from alkyl 
inalonic acids, CRR'(C 02 R) 2 , by the withdrawal of a carboxyl group 
(p. 545), and the hydroxy-fatty acids are obtained in a similar manner 
from alkyl hydroxymalonic acids or tartronic acids : 

CR(OH)<^q«® = CRH(OH)COjH + COj. 

Alkyltartronic acid. Alkylhydroxyacetic arid. 

J somcrism. — The possible cases of isomerism with the hydroxy-acids are most 
simply deduced by considering the hydroxy -acids as the mono -hydroxyl sub- 
stitution products of the fatty acids. Then the isomers are the same as the 
mono-halogen fatty acids, which may bo regarded as the haloid esters of the 
alcoholic acids corresponding with them. 

Hydroxy ace tic or gly collie acid is the only acid which can be obtained from 
acetic acid : 


CHg-COOH CHaOH-COOH 

Arctic acid. Glycollic acid (p. 414) 

Propionic acid yields two hydroxypropionic acids : 


CH;,CH2C00H 

Propionic acid. 


CH3CH(0H);C00H CH2(0H)CH2C00H 

a-IIydroxypropionic acid . ^-Hydroxypropionic acid. 

Lactic acid (p. 416). Hydracrylic acid (p. 422). 


These are distinguished as a- and /3 -hydroxypropionic acids respectively. 
The a-acid contains an asymmetric carbon atom, and therefore, theoretically, 
should yield an inactive variety, which can be resolved, and two optically active 
modifications : all three forms are known. 

Normal butyric acid yields throe and i^obutyric acid two mono -hydroxy- 
acids : 


CH3-CH2CH2C02H 

n-P’it>nc acid. 


( CH3-CH2-CH(0H)-C02H a-Hydroxybutyric acid (p. 418) 
] CH3*CH(0H)-CH2-C02H /3-Hydroxybutyric acid (p. 423) 
(CH2(0H)-CH2*CH2*C00H y-Hydroxybutyric acid (p. 427) 


f p2®^C(OH)*COaH . . a-Hydroxyisobutyric acid (p. 

^"«>CHC02H 418) 

"^Butyric acid. iHOCH^CH’CO.H . . . ^-Hydroxyiaobutyric acid (p. 
2 423). 


Properties and Reactions 

Properties . — The hydroxy-fatty acids containing one OH-group are 
more readily soluble in water, and less soluble in ether than the parent 
acids (p. 296). They are less volatile and, as a general rule, cannot 
be distilled without decomposition. 

Reactions. — (1) The alcohol-acids behave like the monocarboxylic 
acids in that they yield, through a change in the carboxyl group, 
normal salts, esters, amides, and nitriles and other derivatives : 

CH 2 OHCOOK CH 2 OHCOOC 2 H 5 CH 20 H-C 0 NH 2 CHaOH-CN. 

(2) The remaining OH-group behaves like that of the alcohols, 
of which the hydrogen may be replaced by alkali metals and alkyls ; 
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by acid radicals such as NO 2, by the action of a mixture of con- 
centrated nitric and sulphuric acids ; or by a carboxylic acid residue, 
by the action of acid chlorides and anhydrides, such as the acetyl 
residue by means of acetyl chloride and anhydride, 

CH3CHONO2 CH3CHOCOCH3 

I I 

COOH COOH 

Nitrolactic acid. Acetyl lactic acid. 

Both of these reactions are characteristic of alcoholic hydroxyl 
groups. 

Similarly, ethers can be formed from the alcoholic hydroxyl group. 
Thus, the compounds ethoxyacetic acid (ethylglycoUic acid) and its 
ester are known. Alkalis remove the alkyl eskr-group, leaving the 
e^^er-group untouched. Thus, ethyl ethoxyacetate is hydrolysed to 
ethoxyacetic acid. 

C2H60 CH2-C00C2H5 ^ C2H6O CH2 COOH 

Ethyl ethoxyacetate. Ettioxyacetlc acid. 

(EthylglycoUic acid). 

(3) PCI 6 replaces the two hydroxyl groups by chlorine : 

CHjOH-COOH + 2PCI5 >■ CHjClOOCl + 2POCb + 2HC1. 

Qlycollic acid. Chloroacetyl chloride. 

The acid chlorides corresponding with the hydroxy-acids are not 
known. Instead of these we get the chlorides of the corresponding 
monochloro-fatty acids, in which the chlorine in union with CO is very 
reactive with water and alcohols, yielding free acids and their esters ; 
in the case cited, monochloroacetic acid, CHgChCOgH, and its esters 
result. The remaining chlorine atom is, on the contrary, more firmly 
united, as in chloroethane. 

(4) The hydroxy-acids are reduced to their corresponding fatty 
acids (p. 296) when they are heated with hydriodic acid. 

(5) Whilst in the preceding transpositions all the hydroxy- acids 
react similarly, the primary, secondary and tertiary alcohol-acids 
show marked differences when they are oxidized. 

(a) The primary hydroxy-acids yield, by oxidation, aldehyde 
acids and dicar boxylic acids. 

CHgOH COOH > CHO COOH ^ COOH COOH 

Glycollic acid. Glyoxylic acid. Oxalic acid. 

(b) The secondary hydroxy-acids yield ketone acids : the a-ketonic 
acids change to aldehydes and CO 2 , the jS-ketonic acids to ketones 
and CO 2 : 

CH3CH(0H) C00H > CHsCO-COOH CH3CHO -j- CO2. 

(c) Tertiary a-hydroxy-acids yield ketones : 

^®[»>C(OH)CO^H + O = cl*>CO + COj + H^O. 

( 6 ) The a-hydroxy-acids undergo a similar decomposition when 
heated with dilute sulphuric or hydrochloric acid or by action of 
concentrated H 2 SO 4 . Their carboxyl group is removed as formic acid 
(when concentrated H 2 SO 4 is employed, CO and HjO are the products) : 

(CH3),C(0H)C02H = (CH3)2C0 -f HCO2H. 

CH8CH(0H)C02H = CHjCHO + HCOjH, 
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Another reaction takes place simultaneously to a small extent : 
water is eliminated, and unsaturated acids are produced. This change 
is easily effected when PCI 3 is allowed to act on the esters of a- 
hydroxy-acids (p. 337). 

(7) The behaviour of the a-, )3-, y-, or 5-hydroxy-acids on elimina- 
tion of water from carboxyl and alcoholic hydroxyl groups is important. 

(a) The cn-hy dr oxy -acids lose water when they are heated and 
yield c^x'lic double esters — the lactidcs — in the formation of which 
two molecules of the a- hydroxy- acid have taken part : 

COOH HOCHCH 3 COOCHCH 3 

I + I - I 1 + 2 H 3 O. 

CH 3 CHOH HOCO CH 3 CHO-CO 

a-Uydroxypropiouic acid (lactic acid.) Lactide. 

(b) When the -hydroxy -acids are heated alone, water is withdrawn 
and unsaturated acids arc the products (p. 337 ; C. 1897, I. 363) : 

cK^iOnycBfio^n = • chco^h + H 2 O. 

/3-Hydroxyproploiiie acid. Acrylic acid. 

Hydracrylic acid. 

(c) The y- and 6 -hydroxy -acids lose water at the ordinary tempera- 
ture, and change more or less completely into simple cyclic esters — 
the y- and d-lactones. The internal anhydrides of the /^-hydroxy- 
acids, the /3-lactones, are very much more difficult to prepare and 
much less stable (p. 271). 

The a-, /3-, y- and 5-amino acids show the same differences in 
behaviour as the corresponding liydroxy-acids. 

Struct are of Normal Carbon Chains and the Formation of Lactones 

The peculiar differences in the behaviour of the a-, /3-, y- and 8 -hydroxy -acids 
when they split off water have contributed to the development of a representation 
of the spacial arrangement or configuration of carbon chains (Ber. 15 , 030). The 
assumption that the atoms of a molecule not linked to each other in a formula can 
exert an affinity upon one another has led to the idea that, in a union of more 
than two C atoms, those atoms ai jange themselves, not in a straight line, but 
upon a curve. We can then comprehend that cyclic, simple ester formation can 
not take place between the first and second carbon atoms, rarely between the 
second and third, but readily between the first and fourth or first and fifth carbon 
aioms, which have approached so near to each other that an oxygen atom 
is capable of bringing about a closed ring (see Alkylene oxide, p. 3()7, and Alky- 
lene imines, p. 38G, as well as the strain theory of v. Baeyer in the introduction 
to the carbocyclic derivatives, Vol. II). 

For the arrangement of the atoms in long carbon chains, see p. 33. 

It must not be concluded that the preferential formation of rings containing 
5 and G atoms precludes the formation of rings containing a larger number. 
Kings containing a large number of atoms occur in nature, e.g. civetoney the 
odoriferous principle of the civet-cat, contains a ring of 17 carbon atoms, and 
muscone one of 1 G (Holv. Chim. Acta, 9, 230, 249). Heterocyclic large ring systems 
also occur. The vegetable musks (in musk oil and angelica oil) are lactones 
with IG and 17 ring members (Ber. 60 , 902 : see pp. 429, 454). 

A. SATURATED HYDROXYMONO -CARBOXYLIC ACIDS 

a-Hydroxy-acids 

(1) Gly collie acid, hydroxyacetic acid [ethanol acid], CHo’OH-- 
COOH, rri.p. 80°, occurs in unripe grapes and in the green leaves of 
Virginia creeper, Ampelojpsis hederacea. 
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History. — Glycollic acid was first obtained in 1848 by Strecker from amino- 
acetic acid or gly cocoll — hence the name — by the action of nitrous acid. In 1856 
Debus discovered it together with glyoxal and glyoxylic acid among the oxidation 
products obtained from ethyl alcohol by the action of nitric acid. Wurtz in 
1857 observed its formation in the oxidation of ethylene glycol, and Kekule 
in 1858 showed how it could be made by boiling a solution of potassium chloro- 
acetate (Ann. 105 , 280 : comp. Ber. 16 , 2414 : Ann. 200 , 75 : Ber. 26 , R. 
606). 

It is also produced by the action of potassium hydroxide on glyoxal 
(p. 398) ; by the reduction of oxalic acid (p. 535), and from diazo- 
acetic ester (p. 458). Its riitrih is formed from hydrocyanic acid and 
formaldehyde (p. 432), and is converted by hydrochloric acid into 
glycollic acid. It is also formed with hexamethylene tetramine when 
formaldehyde is warmed with KNC (C. 1900, I. 402). Glycollic acid 
also appears in the oxidation of glycerol and dextrose by silver oxide. 

Glycollic acid crystallizes from acetone. It is very soluble in water 
and alcohol. Diglycollide and polyglycollide (p. 420) are produced 
when it is heated. Nitric acid oxidizes it to oxalic acid. When 
heated with concentrated sulphuric acid, glycollic acid decomposes 
into trioxyrnethylene (metaformaldehyde, p. 23G), carbon monoxide 
and water. 

Calcylwm salt, (CH.0HC02)2Ca + 3H.0 ; ethyl ester, CHoOH-COo- 
C 2 H,, b.p. 160". 

Trichloroethyl alcohol (p. 145) can be regarded as being the 
chloride of orthoglycollic acid. 

(2) Lactic acid (of fermentation), oL-hydroxy propionic acid, ethyli- 
dene lactic acid, [2-propanol acid], CH 3 CH( 0 H)C 02 H, m.p. 18", b.p. 
120"/12 mm. (Ber. 28 , 2597), is isomeric with /5-hydroxypropionic 
acid, hydracrylic acid, CHsOH-CHgCOgH, which will be discussed 
later. 

Lactic acid is formed by the lactic acid fermentation of lactose, 
sucrose, gum and starch, it is, therefore, contained in many sub- 
stances which have soured — e.g. in sour milk, in sauerkraut, the lesser 
centaury (Erythroca centaurium) and in gastric contents in cases of 
pyloric obstruction. 

Methods of Formation. — The acid is artificially prepared by the 
methods already described : (1) from a-propylene glycol ; (2) from 
pyroracemic acid ; (5) from oc-chloro- or bromo-propionic acid ; 

(6) from alanine ; (9) from acetaldehyde and hydrocyanic acid ; 

(13) by heating ^5omalic acid, CH 3 C(OH)(COOH )2 (Ber. 26 , II. 7). 

Other methods of formation are : tlie action of heat on dextrose or sucrose 
with water and 2—3 parts of barimn hydroxide at 160° ; prolonged contact of 
hexoses with dilute sodium hydroxide solution (Ber. 41 , 1009) ; the interaction of 
pentoses, such as arabinoso and xylose with warm potassium hydroxide solution 
(Ber. 35 , 669) ; heating a-dichloroacetone, CH 3 -CO*CHCl 2 , with water at 200°, 
and oxidation of acetol (p. 393) ; the two latter methods depend on the trans- 
formation of pyroracemic aldehyde into lactic acid by a Cannizarro dismutation. 

Lactic Acid Fermentation, — This fermentation is induced in sugar solutions 
by a particular ferment, the lactic acid bacillus. Bacillus acidi lacti, whicli is 
present in decaying cheese. It proceeds most rapidly at temperatures ranging 
from 35° to 45° (C. 1897, II. 338). It is noteworthy that the bacillus is very 
sensitive to free acid. The fermentation is arrested when sufticiont lactic acid 
is produced, but is again renewed when the acid is neutralized. Therefore, zinc 
or calcium carbonate (C. 1897, II. 20, 937) is added at the beginning, and the 
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lactic acid thus obtained either as the calcium or zinc salt. Should the ferment- 
ation continue for some time, the lactic will pass into butyric fermentation, 
the insoluble calcium lactate will disappear, and the solution will finally contain 
calcimn butyrate (comp. n-Butyric acid, p. 304). On the formation of lactic 
acid as an intermediate product in the fermentation of dextrose to alcohol and 
COg, see Ber. 37, 421 : Ann. 349, 125. 

Empirically, the lactic acid fermentation is the simplest fermentation, 

CgHi 2^6 ^ 2 C 3 H 0 O 3 , but the intramolecular changes involved in this 

breakdown are not yet clear. Possibly a reaclivo form of methylglyoxal, 
probably a hydrate takes part, 

CflHi20c ^ 2CH3 C(0H)2-CH0 2CH3-ClT(OII) COOH 

though methylglyoxal itself is not affected by the lactic acid bacteria (Z. physiol. 
Chem. 151 , 232). 

This mechanism is supported on the one hand by the enzymatic conversion 
of glucose into methylglyoxal (Biochem. Z. 55 , 495 : 71 , 144), and in the other 
by the enzymatic dismutation of methylglyoxal into lactic acid (Biochem. Z, 
49 , 502 ; 51 , 484 ). The hexosephosphoric esters also play a part as reactive 
intermediate products (Z. physiol. Chem. 153 , 71). 

History. — Scheele (1780) discovered lactic acid in sour milk. In 1847 Liebig 
demonstrated that the sarcolactic acid found by Berzelius (1808) in the fluids of 
the muscles was different from the lactic acid of fermentation. W }irtz (1858) 
described the formation of fermentation lactic acid from a-propylene glycol and 
air in the presence of platinum black, and considered it a dibasic acid. Kolbe 
(1859) obtained “ lactyl chloride ” by the action of PCI 5 on calcium lactate. 
This body is identical with chloropropionyJ chloride, and lactic acid is therefore 
monobasic and must be considered as hydroxypropionic acid. Later (1860) 
W urtz called it a diatomic, monobasic acid, meaning to indicate thereby that one 
of the two typical hydrogen atoms is more basic than the other. “ But it is much 
more significant when KehuU declares that it is simultaneously an acid and an 
alcohol ” (Ber. 20 , R. 948). Strecker was the first to synthesize the acid from 
synthetic aminolactic acid or alanine, which had also been prepared by him 
through the interaction of hydrocyanic acid and aldehyde ammonia. 

Fermentation lactic acid is a syrup soluble in water, alcohol and 
ether, and is optically inactive (C. 1905, II. 1527). Placed in a desic- 
cator over sulphuric acid, it partially decomposes into water and its 
anhydride. When distilled it yields lactide (p. 420), aldehyde, carbon 
monoxide and water. 

Heated to 130° with dilute sulphuric acid, it decomposes into 
aldehyde and formic acid. Careful oxidation with permanganate, or 
catalytic dehydrogenation by palladium in the presence of a hydrogen 
acceptor such as quinone leads to the formation of pyruvic acid, 
while chromic acid oxidizes it to acetic acid and carbon dioxide. 

Hydrobromic acid converts it into a-bromopropionic acid, while 
hydriodic acid reduces lactic acid to propionic acid. With phosphorus 
pentachloride, a-chloropropionyl chloride is formed. 

Salts. — The sodium salt, CH 3 -CH(OH)'COONa, is amorphous, and forms the 
disodium derivative CH 3 -CH(ONa)*COONa when heated with sodium. The 
calcium salt, (C 3 H 603 ) 2 Ca, SHgO, is soluble in ten parts of cold water and more 
readily in hot. The zinc 8 alt,\{CfHL^O^) 2 Zn, 3 H 2 O, is soluble in 58 parts of cold 
and 6 of hot water. Ferrous salt, (C3H603)2Fe, 3 H 2 O. 

The Optically Active Lactic Acids. — Lactic acid contains an 

« 

asymmetric carbon atom indicated in the formula CHs*CH( 0 H)C 02 H 
by the small star. The acid can be resolved by strychnine, morphine, 
or quinine, into two optically active components , — dextrorotatory 
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acid and lmvoroiaiory-\i\iii\c, acid, — possessing similar but opposite 
rotary power. The stryclinine salt of the lawo-acid crystallizes out 
first, whilst the quinine salt of the dextro-acid is obtained first (Ber. 
24, R. 794 : C. 1906, I. 1150: II. 499). 

On mixing solutions of equal quantities of Iscvo- and dextro-lactate 
of zinc, the zinc salt of fermentation lactic acid will be produced, and, 
being more insoluble, will crystallize out. The dextrorotatory modi- 
fication will remain, if Penicillium, glaucnm is permitted to grow in 
the solution of inactive ammonium lactate (Ber. 16, 2720), whilst 
the Isevorotatory modification is produced in the breaking down of 
a sucrose solution by Bacillus acidi Imvolacti (Ber. 24, R. 150). 

The optically active lactic acids can be referred to glucose by a 
series of reactions involving malic and tartaric acids. The prefixes 
d~ and I- refer to the stereochemical relationships of the compounds, 
and not to their actual optical activity. When the configuration of 
tartaric acid is established, that of lactic acid can be derived there- 
from. (Stereochemical series, see Freudenberg, Ber. 47, 2027 : 55, 
1339.) The configuration of d-lactic acid is given by the following 
relations : 


COOH COOH COOH COOH 

I i I I 

H C OH (Ber. 55, H C-OH (Ber. 47, H OOH (Ber. 47, H C-OH 
I 1340) I I ii()29) I 

HOCH ^ CHj ^ CH^OH ^ CH, 

I 1 

COOH COOH 


d Tartaric acid 
(Dextrorotatory). 


(i-Malic acid 
(DcAtrorotatoi y). 


d Glyceric acid 
(Lajvoiotatuiy). 


d Luetic acid 
(Licvoiotatory). 


Sarcolactic acid, l-{-\-)-lactic acid, paralactic acid (dextrorotatory 
lactic acid), was discovered by Bei’zelius in 1808 in muscle-fluid and 
shown by Liebig (1848) to be different from the lactic acid of fer- 
mentation. It is present in different animal organs, and is most 
conveniently obtained from Liebig’s beef-extract. 

Sarcolactic acid is also formed during butyiic fermentation (p. 304) 
by the granulo-bacillus and other butyric ferments (C. 1900, 1. 777). 

Dextro- and Issvo-lactic acid, m.p. 26° approx., are very liygro- 
scopic bodies. Alkali is said to convert the /-acid rapidly into the 
dl- modification, whilst the d-acid is changed more slowly (Compt. 
rend. 139, 203). 

The rotation of an approximately 1-24% solution of the crystal- 
lized acid in water is 2-24° (C. 1906, I. 1150). 

The dextro- and lasvo-lactates of zinc crystallize with 2 molecules 
of water (C 3 H 503 ) 2 Zn + 2 H 2 O. For other salts, see Ber. 29, R. 899. 
Zinc /-(-!-) -lactate rotates the plane of polarization to the left, whilst 
the d-( — )-lactate rotates it to the right : [a]?® = ± 8*6°. 

Metabolism . — The importance of lactic acid in metabolism was recognized 
by Salkowski in 1890. Meyerhof (Ber. 58, 991) has shown that in muscular 
work the greater part of the energy required is obtained by the exothermic 
breakdown (-f 27-8 cal.) of glycogen (p. 733) into an equivalent amount of 
lactic acid. During rest, the lactic acid is again synthesized into carbohydrate 
and stored as glycogen. The energy required to bring about this endothermic 
reaction is obtained by the combustion of a part of the lactic £kcid or of glucose 
VOL. I. E B 



418 ORGANIC CHEMISTRY 

{Respiration). The following scheme shows the part played by lactic acid in 
metabolism : 


Exothermic process. 



Glycogen 

(CgHioO j), 



Lactic acid 
2,A11b03 


Endothermic process. 



Rest. 


Simultaneously with the second process, 

-f- bOjj >► 6CO2 -f GHgO (Respiration). 

(Neuberg, Z. angew. Chem. 38, 761 : Milchsdure und ihre hedeutung fur Chemic 
und Physiologie.) 

Homologous a -Hydroxy -acids. — The homologous a-hydroxy-acids are 
necessarily, either secondary or tertiary alcohol acids. Glycollic acid is the only 
primary a-alcohol acid. 

(а) The secondary alcohol acids are generally formed (1 ) from the corresponding 
a-halogen fatty acids (method 5) ; (2) from aldehydes and hydrocyanic acid, 
and subsequent saponification of the nitriles of the hydroxy-acids by means of 
hydrochloric acid (method 9). 

(б) The tertiary hydroxy -acids result — 

(1) From the oxidation of dialkylacetic acids (method 3). 

(2) Upon treating a*ketone alcohols with alkalis and air (method 8, p. 411). 

(3) By the action of hydrocyanic acid and hydrochloric acid on ketones 
(method 9). 

(4) When zinc and alkyl iodides react with oxalic ester (method 11, p. 411). 
(6) From a-ketone-acid esters and magnesium alkyl halides (C. 1902, II. 1359). 
Hydroxybutyric acids. — All of the five possible isomers are known ; two 

of these are a-hydroxy-acids : (1) oi-hydroxyhutyric acid, CH3CH2CH(0H)C02H, 
m.p. 43^, has been resolved by brucine into its optically active components 
(Ber. 28, R. 278, 325, 725). 

(2) a-Hydroxymohutyric acid, (CH3)2C(OH)COOH, m.p. 79°, b.p. 212°, is 
obtained from «.sobutyric acid, from acetone and from oxa]i{r ester (see above). 
It is produced when /S-ii^oamyleno glycol is oxidized by nitric acid, and is obtained 
from a-broTiio- and a-aniino^5obutyric acid as well as from amyl pyroracemate 
and CHgMgl, and from acetone chloroform. 

Trichloro-^er^.- butyl alcohol. Acetone chloroform, chlorvtone (CH3)2C(OH)- 
CCI3, m.p. 91°, b.p. 167°, is obtained by the union of acetone and chloroform 
in the presence of alkali hydroxides. It is the chloride of -a -hydroxy iso - 
butyric acid (p. 280) which stands in the same relation to a-hydroxyisobutyric 
acid that chloroform docs to formic acid. Aqueous alkalis convert it into 
a -hydroxy ^sobutyric acid {Willgcrodt, Ber. 20, 2445: 29, R. 908: C. 1898, 
II. 277 : 1902, I. 176). It acta as an anaesthetic and an antiseptic. 

In the presence of phenols and sodium hydroxide solution, acetone and chloro- 
form yield a-phenoxyisobutyric acids, CgH50C(CH3)2C00H (C. 1906, II. 326). 

a-Hydroxyvaleric acids : ol-H ydroxy-n-valeric acid, CH 3 -CH 2 CH 2 -CH- 
(0H)-C02H, m.p. 28-29° (Ber. 18, R. 79). 

Oi-Hydroxyiaovaleric acid, (CH3)2-CH-CH(OH)-C02H, m.p. 86°, is prepared 
from dimethyl pyroracemic acid (p. 464) (Ann. 205, 28 : Ber. 28, 296 : C. 1902, 

l. 251). 

Methylethylgly collie acid, OL-hydroxy-OL-methylbutyric acid, C2H6-CMe(0H)-C02H, 

m. p. 68° (Ann. 204, 18). 

a-Hydroxycaproic acids, tx-hydroxy-n-caproic acid, CH8[CH2]aCH(OH)- 
COOH, m.p. 61°, is prepared from a-bromo- or a-amino-n-caproic acid. 

OL- Hydroxy -iso -caproic acid, leucic acid, (CH3)2CH*CH2CH(OH)COOH, m.p. 73°, 
is obtained from leucine (p. 444) by means of nitrous acid (Strecker, 1848). 

CL- Hydroxy -diethylacetic acid, diethyl oxalic acid, (C2H5)2C(OH)*COOH, m.p. 
80® (Ann. 200, 21). 
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QL-Hydroxy-methylmopropylacetic acid, (CH8)2CH-C(CH8)(OH)COOH, m.p. 63° 
(0.1898,1.202). 

a.-Hydroxy-teTt.-hutylacetic acid, (CH3)2C-CH(OH)COOH, m.p. 87°, is obtained 
from trimethyl p5rroracemic acid (p. 464) by reduction. 

Higher a -Hydroxy -fatty acids : ^-Diethyllactic acid, (CaH5)2CH-CH(OH)- 
COOH, m.p. 82°, is prepared from y-bromo-y-acotoxy-a-diethyl acetoacetic ester, 
(C2H5)2C(COOEt)CO*CHBr(OCOCH3), by means of dilute sulphuric acid (Ber. 
31, 2953). 

CL-Hydroxy-n-caprylic acid, CH3[CH2]3CIl(OH)COOH, m.p. 09-5°, is obtained 
from oenanthol. Di-n-pr op ylgly collie acid, cc-hydroxy-di-n-propylacetic acid, 
(C3H7)2C(0H)C00H, m.p. 72°, is prepared from butyroin (p. 394) (Ber. 23, 
1273). OL-Hydroxy-di-\&opropylacetic acid, (C3H7)C(OH)OOOH, m.p. 111° (Ber. 
28, 2463). 

Di-isohutylglycollic acid (C4H8)2C(OH)COOH, m.p. 114°. 

Methylnonylgly collie acid, (C9Hi9)C(CH3)(OH)COOH, m.p. 46°, is obtained 
from methyl nonyl ketone (C. 1902, I. 744). 

a-Bromo-fatty acids have yielded the following : OL-hydroxylauric acid, 
CiiH22(OH)COOH, m.p. 74° (C. 1904, I. 261) ; OL-hydroxymyristic acid, C13H26- 
(0H)-C02H, m.p. 51° (Ber. 22, 1747) ; OL-hy dr oxy palmitic acid, CibH 3(,(0H)C02H, 
m.p. 82° (Ber. 24, 939) ; OL-hydroxystearic acid, Ci,H34(0H)C02H, m.p. 85° 
(Bor. 24, 2388). 

In the following pages those a -hydroxy -acid derivatives will be described 
which belong to glycollic and lactic acids. 


Alkyl Derivatives of the OL-Ilydroxy -acids 

An a-hydroxy-acid yields three kinds of alkyl derivatives : ethers, esters and 
ether -esters ; 

CH2OIICOOH CH2(OC2 Hb) COOH CH 2OHCOOC2HB Cn2(OC2H6) OOOC2ll5 
Glycollic acid. Etlioxyacetic acid. Ethyl glycollate. Ethyl clhoxyacctate. 

(1) The alkyl-ethers of the a -hydroxy -acids are obtained (1) by the action of 
sodium alcoholates on salts of the a-halogeii substitution products of the fatty 
acids ; (2) by the saponification of the ether esters or alkyl ether nitriles (p. 132) 
of the a-hydroxy-acids. 

Methoxyacetic acid, CH3OCH2COOH, b.p. 198°. Ethoxyacetic acid, 
b.p. 206-207° ; chloride, b.p. 128° (J. pr. Chem. [2] 65, 479 ; C. 1907, I. 871). 

a-Ethoxypropionic acid, CH3CH(OC2H5) -00211, b.p. with partial decom- 
position 195-198°. It is split up by moans of cinchonidine or morphine into 
its two optical components, which are remarkable for their large rotations. 

(2) Alkyl esters of the a-hydroxy-acids result (1) on heating the free acids 
with absolute alcohol ; (2) when the cyclic double esters, the lactides, are heated 
with alcohols. 

Glycollic Methyl ester, CH2(OH)COOCH3, b.p. 151°. Ethyl ester, b.p. 

160°. 

Lactic Acid. — Methyl ester, CH3CH(0H)C02CH3, b.p. 145°. Ethyl ester, 
b.p. 154-5°. 

(3) The ether esters of the a-hydroxy-acids are produced (1) when sodium 
alcoholates act on the esters of a-halogen fatty acids ; (2) by the interaction 
of alkyl halides and the sodium derivatives of the alkyl esters of the a-hydroxy- 
acids. 

Methoxyacetic Acid. — Methyl ester, CH2(OCH3)-COOCH3, b.p. 127° ; ethyl 
ester, b.p. 131°. Ethoxyacetic Acid. — Methyl ester, CH2(O C2H5)CO-OCH3, b.p. 
148°. Ethyl ester, b.p. 152° (Ber. 17, 486). 

a-Methoxypropionic Acid. — Methyl ester, CH 3 CH(OCH 3 )COOCH 3 , b.p. 
135-138° ; ethyl ester, b.p. 135-5°. Ethoxypropionic Acid. — Ethyl ester, 
CH3-CH(OC2H5)-COOCaH5, b.p. 155° (Ann. 197, 21 : Ber. 40, 212). 

Anhydride Formation of the cn-Hydroxy-acids 

Since the a -alcohol -acids possess the characteristics of both carboxylic acids 
and alcohols, they are capable of forming various types of anhydrides. The 
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types of derivativ^o theoretically obtainable may be illustrated by the derivatives 
of glyct)ilic acid. 


1. O 


^HjsCOOH 
'^CHjsCOOH 
^ HOCHaCO^^,^ 
HOCHaCO--^^ 
^HaCO^^ 

. HOCHaCO 
HOCO CHa-^ 


Alcohol anhydride of glycoilic acid : Digly collie acid. 

Gly collie anhydride (not known.) 

Alcohol- and acid-anhydride of glycoilic acid : Diglycollir 
anhydride. 

Open ester acid r 01 ycoUogly collie acid. 

Closed, cyclic double ester of glycoilic acid : Olycollide, 
the simplest Lactide. 


Diglycollic acid, the alcohol anhydride of glycoilic acid, 0411^05, is formed 
together with glycoilic acid on boiling monochloroacetic acid with lime, baryta, 
magnesia, or lead oxide, and in the oxidation of diethylene glycol, 0(CH2*CH a-OH).^ 
(p. 363). Diglycollic acid crystallizes with HaO in large rhombic prisms. 

Diglycollic anhydride, , m.p. 97°, b.p. 240°, is isomeric with 

gly collide. It results upon heating diglycollic acid, or by boiling it with acetyl 
chloride (Ann. 273, 64). 

Glycolloglycollic acid, CH2(OH)COOCH2COOH, generally termed “ glycol- 
lic anhydride, and lactyllactic acid, CH3CH(OH)COOCH(CH3)COOH, com- 
monly called “ lactic anhydride,^' have not been well studied. They are produced 
when the free a-hydroxy-acids are heated to 100°, and constitute intermediate 
steps in the lactide formation (Bor. 23, K. 325). Distillation of lactic acid 
produces lactyl lactic acid, lactide, and also lactyl lactyl lactic acid, CH3CH(OH*. 
C00CH(CH3)C00CH(CH3)C00H, m.p. 39°, b.p. 235-240° (C. 1905, I. 862). 

Diglycollide, m.p. 86°, is produced when polyglycoUide is 

distilled under greatly reduced pressure. When heated at the ordinary pressure, 
or if kept, it reverts to polyglycoUide, from which it differs by its lower melting 
point and ready solubility in chloroform. It combines readily with water (Ann. 
279, 45). 

Foly gly collide, (CaHaOa)!, m.p. 223°, is formed on heating glycoilic acid, and 
when dry sodium chloroacotate is heated alone to 150°. It passes into glycoilic 
esters when heated with alcohols in sealed tubes (Ann. 279, 45). 

LacUde, 0 <^oC^Ch*^^’ 138712 mm., 

(Ber. 28, 2595), results on hi.auiig lactic acid under diminished pressure. It 
can be recrj^stalhzed from chloroform (Ann. 167, 318 : Ber. 25, 3511 : 28, 2595). 
d- and i-J^actide, m.p. 95° (C. 1906, I. 1329). The optical rotation of the lactic^ 
acids IS increased greatly by lactide formation. 

Homologous lactides, see Ber. 26, 263 ; Ann. 279, 100. 

COO X 

Cyclic Ether Esters. — Methylene glycollate, ] \CH,, is obtained from 

CHoO/ 

glycoilic acid and formaldehyde (C. 1901, II. 1261). hlihylcnc glycollate, 
C O OCHa 

I I , m.p. 31°, b.p. 214° (Ber. 27, 2945). 

CHaOCHa 

COOx 

Methylene lactate, | \CHa, b.p. 153° (Ber. 28, R. 180). Ethylidene 
CH3CHO/ 

COOx 

lactate, \ NcH-CHa, b.p. 151°, is produced when lactic acid and acet- 
CH3CHO/ 

aldehyde are heated to 160°. Its hexachloro -derivative is chloralide (below). 


Acid Esters of the ol- H ydroxy -acids 

Nitrogly collie acid, m.p. 54°, results, together with nitroglycollyl glycoilic 
ac id, NOaOCHaCOOCHaCOOH, from glycoilic acid and nitrosulphuric acid. 
NitroLactic acid, CH8CH(ONOa)COOH, is a yellow liquid, decomposing at the 
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ordinary temperature into oxalic and hydrocyanic acids (Ber. 12 , 1837 : C. 1903, 
II. 488 : 1904, I. 434). Monohalogen acetic acid (p. 334) and a -halogen propionic 
acid (p. 335) are looked on as being haloid acid esters of a -hydroxy -acids. 

Acetoxyacetic Acid.— Acetylgly collie acid, CH20(C0CH3)C00H, m.p. 67^ 
b.p. 145°/12 mm., is obtained from glycollic acid and acetic anhydrides ; chloride, 
b.p. 54°/14 mm.; ethyl ester, CH^OCCOCHglCOOCallB, b.p. 179°. 

a-Acetoxypropionic Acid.— Acetyllactic acid, CH3CH(OCOCH3)COOH, m.p. 
57—60°, b.p. 127°/11 mm., is prepared from lactic acid and acetyl chloride ; 
chloride, b.p. 56°/ll mm. (Ber. 36, 466 : 37 , 3971 : 38 , 719 : C. 1905, I. 1373). 

Halogen ol- H ydroxy -acids 

j 3 -Monohalogen Lactic Acids.— ^-Cgdorolactic acid, CH ^CACH {OTi )CO , 
m.p. 78°. ^-Bro7nolartic acid, OHgBrCIIOHCOgH, m.p. 89°. ^-lodolactic acid, 
CH2lCH(0H)C02H, m.p. 100". Those three acids ar e prepar ed by adding 

hydrogen chloride, bromide or iodide to glycidic acid, CH2CH(())C02H. 

)3-Chlorolactic acid is also formed from monochloroacetaldehyde by the action 


of hydrocyanic acid and by the oxidation of epichlorohydrin, CH2CTl(())CH2f3, 
and a-chlorohydrin, CH2C1CH(0H)-CH20H, with concentrated HNOg ; as well 
as by the addition of hypochlorous acid to acrylic acid (together with a-chloro- 
hydracrylic acid). 

Silver oxide converts it into glyceric acid ; when reduced with hydriodic acid 
it yields /3-iodopropionic acid. Heated with alcoholic potassium hydi’oxide it 
is again changed to glycidic acid, just as ethylene oxide is obtaiued from glycol 
chlorohydrin (p. 367). 

Higher halogen stibstiintion prodnds of the ct-hydroxy -acids ha ve b(H>n j)rej)ared 
by the treatment of halogen aldehydes, such as dichloroacetaldehyde, chloral, 
bromal, and trichlorobutyric aldehyde, with hydrocyanic acid and hydrochloric 
acid. Trichlorolactic acid has been the most thoroughly studied. 

/ 5 -Dichlorolactic acid, CHCl2 CH(0H) C02H, m.p. 77°. 

/S-Trichlorolactic arid, CClgCII^OHlCOgH, m.p. 105-110 , is soluble in 
water, alcohol and ether. Alkalis easily change it into chloral, chloroform and 
formic acid. Zinc and hydrochloric acid reduce it to dichloro- and mono-chloro- 
acrylic acids (p. 342). 

Because trichlorolactic acid yields chloral without difficulty, it is converted 
quite readily, by different reactions, into derivatives of chloral, and also of 
glyoxal, probably by decomposition into dichloroaldehyde and CO2, e.g. it forms 
glyoxime with hydroxylamine, and glycosine with ammonia (p. 399, and Bor. 17, 
1997). 

Ethyl trichlorolactate, CCl3CH(OH)COOC2H5, m.p. 66°, b.p. 235°, is prepared 
from chloral cyanohydrin with alcohol and sulphuric or hydrochloric acid (Bor. 
18 , 754). 

Chloralide, trichloroethylidene trichlorolactate, CClg-CHc;^^^ ^CH-CClg, m.p. 

114°, b.p. 272°, was first prepared by heating chloral with fuming sulphuric 
acid to 105°, and subsequently when trichlorolactic acid was heated to 150° with 
(chloral. When heated to 140° with alcohol, it breaks up into trichlorolactic 
ester and chloral alcoholate {Wallach, Ann. 193 , 1). Chloral also unites with 
lactic and other hydroxy-acids, glycollic, malic, salicylic, etc., forming compounds 
very similar to that with trichlorolactic acid, known as chlorahdes (Ann. 193 , 1). 

Tribromolactic acid, CBr3-CH(0H)C02H, m.p. 141-143°, unites with 
chloral and bromal to corresponding chlorahdes and bromalides. 

Trichlorovalerolactic acid, CH3CCl2CHCl CH(OH) C02H, m.p. 140° (Ann. 
179 , 99). 

Hydro xycarboxylic Acids 

Generally the jS-hydroxycarboxylic acids, when heated, part with 
water and become converted into nnsaturated olefine carboxylic acids : 

CHaOH CHj-COgH CH2-CHCO2H. 

Hydracrylic acid. Acrylic acid. 



422 


ORGANIC CHEMISTRY 


In the case of the higher homologues of ethylene lactic acid, when 
water is eliminated, both aj3- and py-olefine carboxylic acids (Ber. 26, 
2079) result. 

Only under very special conditions (agitation of the sodium salts 
of /?-halogen-fatty acids in chloroform) is it possible to obtain the 
internal anhydrides {^-lactones) of the ^-hydroxy-acids (see p. 333). 
They are more readily obtained by the addition of ketens to carbonyl 
compounds. 

1 O I 

CHgCl CHa-COOH CHa-CHa-CO 

a-Dialkyl-jS-hydroxy-acids and thoir esters are prepared from the dialkyl- 
acetoacetic esters by reduction, and from aldehydes, and a-bromodialkylacetic 
esters by the action of zinc. Those which possess no hydrogen atom in the 
a -position free to take part in the splitting off of water decompose in various 
ways : when heated, some are converted into a mixture of aldehydes and dialkyl - 
acetic acids ; others yield semilactides, like the a-hydroxy -acids (p. 420) (C. 
1904, I. 1134) : 

CH3CH(0H)C(C2H5)2C00H = CHaCHO + CH(C 2 H 5 ) 2 COOH 

^-Hydroxy-a-diethylbutyric acid. Diethylaeetic acid. 

CH2(0H)C(CH3)2C00H 

Hydroxypivalic acid. 

CH2(0H)C(CH3)2C00[CH2C(CH3)2C00],CH2-C(CH3)2C00H 

The esters of such acids containing free hydrogen atoms attached to a carbon 
atom in the y-position react with P2O5 in a benzene solution and form jSy-olefino 
carboxylic acids ; in other cases atomic migration occurs, and aj8-olofino carboxy- 
lic acids result (p. 338) (C. 1906, I. 999: II. 318). 

jS-Hydroxy-acids are produced (1) in the oxidation of primary-secondary and 
primary -tertiary glycols ; (2) (p. 466) by the reduction of j3-ketonecarboxylic 
esters (secondary hydroxy-acids) ; and (3) on boiling /Sy-olefine carboxylic acids 
with sodium hydroxide. (4) Zinc and the esters of the monohalogen fatty acids 
— i\g. bromo?,sobutyric ester — combine with aldehydes (l^obutyraldohyde) to 
form secondary /S-hydroxy-acids, and with ketones to form tertiary j3-hydroxy- 
acids (Ber. 28, 2838, 2842 : C. 1906, I. 999 : II. 318). In these reactions the 
following stages can be recognized : 

I. CHaCl-COgR' -f Zn -= CH2(ZnCl)COOR' 

II. CH,(ZnCl)COsR' + ;C,H,),CO = 

III. (C’2H5)*C<^f + H,0 = + Zn<0^ 

This reaction resembles in all its stages the preparation of tertiary alcohols 
from ketones and alkyl magnesium halides (p. 133). 

Hydracrylic acid, ethijlene lactic acid, [3-propanol acid], CH 2 (OH)*- 
CH.yC 02 H, is isomeric with ordinary lactic acid, and is obtained (1) 
by the oxidation of trimethylene glyeol ; (2) from /^-iodopropionic 
acid, or /S'-chloropropionic acid, with moist silver oxide ; (3) from 

acrylic acid by heating with aqueous sodium hydroxide to 100 ' ; 
(4) by the saponification of ethylene cyanohydrin with hydrochloric 
acid. This reaction enables the synthesis of hydracrylic acid from 
ethylene : 

CH2 CHoCl CHav CH2CN CH2CO2H 

II ^ I ^ I > ^ 1 ^ I 

CH2 CH2OH CH2/ CH2OH CH2OH 

I KCN t 

The free acid forms a non-crystallizable, thick syrup. When heated 
alone, or when boiled with sulphuric acid (diluted with I part HgO), it 
loses water and forms acrylic acid (hence the name hydracrylic acid). 
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Hydriodic acid converts it into jff-iodopropionic acid. It yields 
oxalic acid and carbon dioxide when oxidized with chromic acid or 
nitric acid. 

The sodium salt, CH2(0H)CH2C02Na, m.p. 142-143°, and the calcium salt 
(^3H6t)8)2Ca + 2H2C), m.p. (anhydrous) 140-150°, when heated above their melt- 
ing points pass into tho corresponding acrylates. The zinc salt, (0311503)2- 

-f- 4H2O, is soluble in water and alcohol, whereas the latter precipitates zinc 
salts of the isomeric acids. 

P-Amyloxypropionic acid, CsHiiOCHgCHgCOOH, b.p. 140°/20 mm., yields the 
diamyl -ether of tetramethylene glycol, when its sodium salt is electrolysed (p. 364) 
(0. 1905, I. 1698). 

jS-Hydroxybutyrlc acid, [3-butanol acid], CH3CH(0H)CH2C02H, is formed 

(1) by tho oxidation of aldol (p. 390) ; (2) by the reduction of acetoacetic ester 
(p. 473) with sodium amalgam ; (3) from a-propylene chlorohydrin, CH3CH(OH)- 
CH2CI, by the action of KCN and subsequent hydrolysis of the cyanide. It is 
a syrup and is volatile in steam. Heat decomposes it into water and cro tonic 
acid, CHa'CH : CHCOOH. Conversely, crotonic ester unites with alcohol in 
the presence of CgHgONa to form )3-ethyoxybutyric ester, C2H50-CH(CH3)CH2- 
CO2K (Bor. 33 , 3329). The racemic acid is split by means of its quinine salts ; 
tho -rotatory component [aju = — 24-9° separates out, and the dextro-rotatory 
component is obtained from the mother liquor. An optically active j3-hydroxy- 
butyric acid has been isolated from diabetic urine (Ber. 18 , R. 451). 

^-Hydroxyi^obutyric acid, oL-methylhy dr acrylic acid, CH20H*CHMe-COOH, 
is obtained from a-bromopropionic ester, trioxymethylene and zinc. Ethyl ester, 
b.p. 79°/7 mm. (Ann. Chim. [8] 17, 390.) 

Hydroxyvaleric Acids. — p-llydroxy-n-valeric acid, CH3CH2CH(OH)*CH2- 
COgH (Ann. 283 , 74, 94). p-Hydroxy-oi-inethyUmtyricacid, CH3CH(C)H)CH(CH3)- 
COgH (Ann. 250 , 244). oi-Ethylhy dr acrylic acid is a syrup : ethyl ester, b.p. 
90°/3 mm., is obtained b*om trioxymethylene and a-brornobutyric acid in benzene 
solution with zinc (C. 1905, II. 45, 540). P-Hydroxy'\sovalerie acid, (CH3)2C(OH)- 
CHg’COgH, results when isovaleric acid is oxidized with KMnO^ (Ann. 200 , 273). 
OL-Dmiethylhydraerylic acid, hydroxypivalic acid, HO'CH2C(CH3)2C()OH, m.p. 124° ; 
ethyl ester, b.p. 86°/ 16 mm., is obtained from trioxymethylene, bromoisobutyric 
ester and zinc (C. 1902, I. 643). Acetoxypivalic chloride (C. 1908, I. 1531). 

Hydroxycaproic Acids. — p-Hydroxy-n-caproic acid, CH3CH2CH2CH(OH)- 
CHgCOgH, is formed on boiling hydrosorbic acid with sodium hydroxide (Ann. 
283 , 124). p -Hydroxy -oi-ethylbutyric acid, CH3CH(0H)CH(C2H6)C02H (Ann. 
188 , 240). p-Hydroxy-oL-methylvaieric acid, CH3CH2CH(0H)CH(CH3)C02H (Ber. 
20 , 1321). p-Hydroxyisocaproic acid, (CH3)2CH.CH(0H)CH2C02H (Bor. 29 , R. 
667). pp-Mcthylethylhydracrylic acid is obtained by oxidation of methyl ethyl 
allyl carbinol (C. 1900, I. 1069), ol-M ethyl- p-ethylhy dr acrylic acid is a syrup. 
oi-Mcthyl-OL-ethylhy dr acrylic acid, m.p. 56°. CL-Propylhydracrylic acid is a syrup. 
OL-isoPropylhydracrylic acid, m.p. 64°. (xoiP-Trimethylhydracrylic acid., m.p. 31°, 
b.p. 148°/5 mm., is obtained as an ester (method of formation. No. 12, p. 411). 

Hydroxyheptoic Acids. — p-Ilydroxyisoheptoic acid, (CH3)2CHCH2CH(OH)- 
CHgCOgH, m.p. 64° (Ann. 283 , i43). p-Methylpropylhydracrylic acid, (CH3)- 
(C3H7)C(0H)CH2C02H, is produced in the oxidation of methyl allyl propyl 
carbinol (J. pr. Chem. [2] 23 , 267). p-Diethylhydracrylic acid, (C2H5)2C(0H)- 
CHgCOgH, results from the oxidation of diethyl allyl carbinol, (J. pr. Chem. 

[2] 23 , 201) (p. 152). oi-Methylethyl-p-hydroxybutyric acid, CH3CH(OH)C(CH3)- 
(C2H5)C02H (Ann. 188,266). Tetramethylhydracrylic acid, (CH3)2C(OH)C(CH3)2- 
COgH, m.p. 152°, is prepared from acetone, bromoi^obutyric ester and zinc. It 
yields CO 2 and dimethy Kiopropy Icarbinol when heated . The ester and P2O 5 yield 
dimethyK^opropenylacetic acid (Ber. 28 , 2829 : C. 1906, I. 909). cc-Dimethyl- 
p-ethylhydracrylic acid, C2H5CH(OH)C(CH3)2COOH, m.p. 103° (C. 1901, I. 
1196). 

P-Hydroxymooctylic acid, (CH3)2CHCH2CH2CH(0H)CH2C02H, m.p. 36° (Ann. 
283 , 287). p-Hydroxy-oi-rn ethyl propylbutyric acid, 0Il3CH(OH)C(CH3)(C3H7)CO2H 
(Ann. 226 , 288). p Hydroxy-cc-diethylbutyric acid, CH3CH(0H)C(C2H6)2C02H 
(Ann. 201 , 65 : 266 , 98). oL-Dhnethyl-p-isopropylhydracrylic acid, (CHaigCH-CH- 
(0H)*C(CH3)2-C02H, m.p. 92° (Ber. 28 , 2843), is obtained also by oxidation of 
the corresponding glycol or aldol (p. 391) (C. 1902, I. 461). 
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The y~ and (5 -Hydroxy- acids and their Cyclic Esters, the y- 

and (3 -Lactones 

The y- and (5-hydroxy-acids are distinguished from the a- and /9- 
hydroxy-acids by the fact mentioned (p. 414) that they are readily 
capable of forming simple cyclic esters, when the carboxyl group 
enters into reaction with the alcoholic hydroxyl group. This is a 
reaction that is accelerated by mineral acids as in the case of the for- 
mation of the ordinary fatty acid esters. The cyclic esters of the y- 
and ^-hydroxy- acids are called y -Lactones and d -1 m clones. In the first 
there is a chain of four, in the second a chain of five carbon atoms 
closed by oxygen. They sustain the same relation to the oxides of 
the y- and ^-glycols, and to the anhydrides of the y- and ^-dicarboxylic 
acids, that the open carboxylic esters bear to the ethers of the alcohols 
and fatty acid anhydrides. The following scheme represents these 
relations : 


Ethyl ether. 


CHs-CH^v 

I >0 

CHg-CHg/ 
Totramethylene oxide. 


CH3C0 ^ 
Ethyl acetate. 

xCH^CO 




>0 


Acetic anhydride, 
CR^CXK 

I >0 

CHjCO/ 
Succinic anhydride. 


This lactone formation occurs more or less easily, depending upon 
the constitution of the y- hydroxy- acids. Tlie same causes which 
influence the anhydride formation with saturated and unsaturated 
dicarboxylic acids (q.v,), exert their ])ower with the y-hydroxy-acids. 
It has been seen “ that increasing magnitude or number of hydro- 
carbon residues in the carbon chains closed by oxygen favours the in- 
tramolecular splitting-off of water among the y-hydroxy-aeids ” (Ber. 
24, 1237). When the y-hydroxy-acids are separated from their salts 
by mineral acids they brcdk down, especially on warming, almost 
immediately into water and lactones. When the latter are boiled 
with alkali carbonates they are converted into salts of the hydroxy- 
acids. This is more readily accomplished through the agency of the 
alkali hydroxides. The y-lactones are characterized by great stability, 
being only partially converted into hydroxy-acids by water, after 
protracted boiling, whereas those of the (5 -variety gradually absorb 
water at the ordinary temperature and soon react acid (Ber. 16 , 
373). 


History . — The first (1873) discovered aliphatic lactone was butyrolactone, 
obtained by Saytzejf, who, however, regarded it as the dialdehyde of succinic 
acid. Erlenmeyer, Sr. (1880), expressed the opinion that lactones could only 

I I 

exist when they contained the group C — C — C — COO, which is present in the 
anhydride of succinic acid (Ber. 13 , 305). Almost immediately afterwards J. 
Bredt demonstrated that lifiocaprolactone, from pyroterebic acid, was in fact a 
y-lactone (Ber. 13 , 748). Fittig, as the result of a series of excellent investiga- 
tions, established the genetic relations of the lactones to the hydroxy-acids and 
unsaturated acids, and taught how this class of bodies could be produced by 
new methods. E. Fischer has shown that polyhydroxylactones play an especially 
important r61e in the synthesis of the various varieties of sugar. 
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General methods of formation of the y-hydroxycarhoxylic acids and 
the y -lactones : 

(1) By the reduction of the y-ketone carboxylic acids with sodium 
amalgam : 

CH 3 CO CH 2 CH 2 COOH 4- 2H - CH3CH(0H)-CH2C}J2C02H. 

Leevulinic acid. y-Hydroxyvalcric acid. 


(2) From the y-halogen fatty acids : (a) by distillation, when the 
lactones are immediately produced : 

I I 

CICH2CH2CH2CO2H CH2CH2CH2COO 4- HCl ; 

(h) by boiling them with water, or with alkali hydroxides, or carbon- 
ates. In the latter case y-lactones are even produced in the cold. 

(3) From unsaturated acids in which the double union occurs in 
the fly- or y5-position, that is, from the Zl^- or Ay- unsaturated acids : 

(а) by distillation ; 

(б) by digestion with hydrobromic acid, when an addition and 
separation of hydrogen bromide occur ; 

(c) by digestion with dilute sulphuric acid (Ber. 16 , 373 : 18 , 
R. 229 : 29 , 1857) : 

CHj-CHCHjCHjCOjll >- (iJjZhCHjCH.COO 

Allyl acetic acid. 7-Valcrolactonc. 

(4) By tlie decomposition of y-lactonc carboxylic acids into y- 
lactones and COo, by distillation, whereby the isomeric unsaturated 
acids are also produced (p. 337) : 


|;|j3>C Cn(COOH) (Ul2(K)0 4- CO 2 . 

^ Terebic acid. ' iwCaprolactonc. 

By similar reactions lactones can be formed by decomposition of 
the condensation product of glycol halogenhydrin (p. 369), (a) with 
sodium acetoacetic ester, and (b) sodium malonic ester. 

(5) Reduction of the derivatives of dicarboxylic acids leads to the 
formation of glycols (Method 06, p. 360). Hydroxy-acids are formed 
as intermediate products during reduction ; in the cases of esters, 
(chlorides, or anhydrides of the succinic and glutaric acid series, reduc- 
tion with sodium amalgam or aluminium amalgam, or with sodium 
and alcohol, gives rise to a 5-50% yield of y- and ^-hydroxy-acids 
or their lactones. 


CHo— CO 


CH 2 — CO/ 
Succinic anliydridc. 

Glutaric anhydride. 


CH 2~~t'H 2\ 

I >0 

CHj— CO / 

Butyrolactone. 


CH 2 — CHoOH 


^CH,— CH 


[-Valcrolactone. 


CH2- CH2OH 
Tcframothyleuc glycol. 

„„ ^CH,— CHjOH 
>■ CHjOH 


Pentainethylcne glycol. 

Since it is possible to prepare the semi-nitrile of the higher di- 
carboxylic acids by means of potassium cyanide, and to convert these 
again into lactones, these reactions constitute a method for the syn- 
thesis of higher lactones out of the lower members. Alkyl-suc- 

cinic acids and a6?/m.-alkylglutaric acids when reduced yield usually the 
two possible lactones (Ber. 36, 1200 : C. 1904, I. 925 : 1905, II. 755). 
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Nucleus-synthetic Methods of Formation : 

(6) The action of zinc alkyls on the chlorides of dibasic acids, or 
of magnesium alkyl halides on y-ketonic esters (C. 1902, II. 1359). 

(7) Action of potassium cyanide on y-halohydrins, and subsequent 
saponification of the resulting nitriles. 

N omendature. — y-Lactones may bo viewed as a-, and y-alkyl substitution 
products of butyrolactone, and may be named accordingly ; thus, y-mothyl 
butyrolactone for valerolactone : 

^Hj-CHj-CHjCOO CH3 -£hCHj.CH„-COO 

I . I I 

The “ Geneva names ” terminate in “ olido ” ; thus, butyrolactone 
[butanolide] ; valerolactone — [1 ; 4-pentanolide]. 

Properties of the y- ayid d^lMctones . — They are usually liquid bodies, 
easily soluble in water, alcohol, and ether. They possess a neutral 
reaction, and a faintly aromatic odour, and can be distilled without 
decomposition. The alkali carbonates precipitate them from their 
aqueous solution in the form of oils. 

Reactions . — (1) They are partially converted into the corresponding 
hydroxy-acids when boiled with water. A state of equilibrium arises 
here, the position of which is much influenced by the number of alkyl 
groups contained in the y-lactones. (2) The lactones are changed 
with difficulty by the alkali carbonates into salts of the correspond- 
ing hydroxy-acids (Ber. 25 , R. 845), whereas the alkali hydroxides 
and barium hydroxide solution effect this more readily. (3) Many 
y-lactones combine with the halogen acids, forming the corresponding 
y-halogen fatty acids ; others do not do this. In the latter the lac- 
tone union is easily severed on allowing hydrochloric or hydrobromic 
acid to act on the lactones in the presence of alcohol, when the alkyl 
esters of the corresponding y-chloro- and y-bromo-fatty acids are 
formed (Ber. 16 , 513). Lactones arc converted into the esters of 
hydroxy-acids by heating them with sulphuric acid in alcoholic solu- 
tion (Ber. 33 , 800). 

(4) The y-lactones unite with ammonia, without separation of 
water (p. 431). Similarly, hydrazine gives characteristic crystalline 
addition-products, easily split up into hydrazine and lactone (C. 1905, 
I. 1221). 

5. Sodium and alcohol reduces the lactones to glycols. The y- 
lactones of the ay-dihydroxy-acids are of theoretical importance as 
they form simple models of the hexonic lactones, and like them, are 
reduced by sodium amalgam to, probably, the ay-dihydroxyaldehyde 
(Ber. 54 , 2634) : 

R CH CHg-CHOH CO R CH CH^ CHOH CHOH 

I o — — o ' 

(6) Potassium cyanide unites with the formation of potassium salts 
of the nitrile-carboxylic acids. 

(7) The lactones condense under the influence of sodium and sodium 
alcoholate to compounds which give up water when treated with acids 
to form substances composed of two lactone residues. When boiled 
with bases, these bodies are converted to hydroxycarboxylic acids. 
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which split off carbon dioxide, forming oxetones (q.v.), derivatives of 
dihydroxyketones : 


CH3CHCH2 .CH2CH2 .HoCHgCHOHa 

I >CH2 + OC< I > I >C : C< 

O— CO X) — CHCH3 O— CO 


^CHa-CHg 
.0 CHCH3 


CHo— CHo /CHo—CH, 

I >< “ I 

CHoCH— O \0 CHCH, 


_C03 CH3CH Cll, .CH2CH3 

^ I >^:< I 

OHHOCO \0 — CHCH3 


y-Lactones 

Butyrolactone [biitanolide], CHo Clla-CH^ Cod, b.p. 200'’, has been 
obtained (1) by allowing sodium amalgam and glacial acetic acid to 
act oil succinyl chloride in ethereal solution (Ann. 171, 201 : Ber. 
29, 1192) ; (2) from /^-formyl propionic acid (p. 457) by reduction ; 
(3) from butyrolactonecarboxylic acid {q.v.)y by the splitting-off of 
CO 2 (Ber. 16, 2592) ; (4) by the distillation of y-chlorobutyric acid 
(Ber. 19, R. 13) ; (5) from hydroxyethylacetoacetic ester (from ethylene 
chlorohydrin and acetoacetic ester) by decomposing it with barium 
hydroxide (Ber. 18, R. 26) ; (6) by treating y-phcnoxybiityric acid 
with hydrobromic acid (Ber. 29, R. 280). 

Lactones, CgHgOg ; y-Valerolactona, y- methyl butyrolactone, [1 : 4-pontano- 

CH3-CH-CHa-CH2*Cod, b.p. 206", occurs in cnido wood vinc'gar, and may 
bo prepared (1) by the reduction of bcvulinic acid, ChLaCO-CHaCHaCOgH (Ann. 
208, 104) ; (2) by boiling allylacotic acid with rhdnto sulphuric acid ; (II) when 
y-broinovaleric aedd is boiled witli water ; (4) on heating y-liydroxypropyl 

inalonic lactone to 220° C. (Ann. 216, 56) ; (5) and in small quantities wlien methyl 
paraconic acid is distilled (Ann. 255, 25). Dilute nitric aedd oxidizes y-valero- 
lactoiio to succinic acid, whilst HI converts it into a-valeric acid. 


OL-Mcthylbiityrolackmc, CH2CH2CH(CH3)(X)(), b.p. 201 \ is obtained from 
pyrot-artaric chloride or anhydride by reduction (Her. 28, 10 : 29, 1194 : C. 1905, 
li. 755). 

Lactones : CgHjoOa. y-n-Caprolackme, y-rthylbiityrolacto>ic, [1 : 4-Hex- 


anolide], CH3-CH2CHCHoCH2COO, b.p. 220°, is formed by the general 
methods 2, 5, and 4. It also appears in the reduction of gliaroinc acid, meta- 
saccharic acid and galactonic acid by hydriodic acid (Her. 17, 1300 : 18, 642, 


1555). 

a -Ethylbutyrolacto nc, b.p. 


219°, is prepared from ethyl suc(dnic anhydr ide and 


from a-ethyl-a-ethoxyacetoacetic ester. 

ByDimethylbutyrolactone, b.p. 209°, is obtained from ^-acetobiuyi’ic acid. 
ciy- Dimethyl butyrolactone, b.j). 20()", is obtained from a-ceto^wbutyric. acid. 
oiaL-Dimethylbiityrolacionc, b.p. 202°, is formed, t.ogether with its isomer 
[■ij3ail?ncthylbutyrolack)nc, by reduction of /u/,s7y?/;..-dimothylsa(rcmic ester as 
anhydride (C. 1904, I. 925 : li. 587). _ 


i&oCaprolactone, y-dimethyUrutyrolactone, (CH3)2CCH2CH2COO, m.p. 7 , b.p. 
207° is produced together with pyroterebic acid in the distillation of terebic 
acid.’ (See general method 4, p. 425.) Pyroterebic acid itseH passes on long 
boiling into i^ocaprolactone. It can also bo obtained from i.sobutyric aldoh;^ do, 
malonic acid and acetic anhydride (Ber. 29, K. 667). nw nw 

Lactones: C7H12D2 y-n-JlrjdoJactonc, y-n-l rojyylbutyrolartone, CH3CH2- 


CH CHCH CH COO, b.p. 235°, is obtained from y-bromoenanthic acid, from 
w-propylpaxaconic acid, and from dextrose carboxylic acid, as well as from 
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galactoso carboxylic acid on treatment with hydriodic acid (Ber. 21 , 918). y-iso- 

P ropyl hutyrola clone y (CH3)2CH*CHCH2CH2COO, b.p. 224°, is formed from iso- 
propylparaconic acid, a- and P-isoPropylbutyrolactone are obtained from iso- 
propylsuccinic anhydride. ccoLy-Trimethylbutyrolactoney OL-diynethylvalero-y -lactone y 
I I 

CH3*CH-CH2C(CH8)2C00, m.p. 52°, b.p. 86°/15 mm., may be obtained from 
a-dimothyllsevulinic acid (mesitonic acid ((/.v.)) and from aay-trimethylvinylacetic 
acid (C. 1904, I. 720). OLyy-TrimethylhutyrolactonCy m.p. 50°, is prepared from 
ayy- trimethyl -^-hydroxybutyric acid (comp. p. 423) (C. 1897, II. 572). OL-Ethyl- 
y-methylbutyrolactoney b.p. 219°, is prepared from a-ethyl-j3-acetopropionic acid 
and ethylallylacetic acid, mode of formation. No. 3 (Ber. 29, 1857). yy-Methyl- 
cth\ylbutyrolacto7iCy b.p. 106°/18 mm., is obtained from lacvulinic ester and ethyl 
magnesium halides. 

Lactones : C8H14O2. y-isoBntylbutyrolacto7ie is prepared from iso-butyl- 

paraconic acid. y-M ethyl -OL-propylbutyrolactonCy b.p. 233°. y-Methyl-OL-iso- 
propylhntyrolactoncy b.p. 224° (Ber. 29, 1857, 2001). j8y-Dimethyl-a-ethyl- 
butyrolactone, b.p. 227°, is obtained from a-ethyl-jS-metliyl-/3-acetopropionic 
acid. y-DiethylbutyroI acton Cy b.p. 228-233°, is prepared from succinyl chloride 
and zinc ethyl. 


d- La clones 

^-Lactones are obtained by distillation of the ^-halogcnearboxylic 
acids, or by reduction of the d-ketocar})oxylic acids (p. 480), glutarh; 
esters or glutaric anhydrides (p. 557). They are also obtained by an 
intramolecular Cannizarro reaction from the easily accessible deriva- 
tives of glutaric aldehyde (p. 400) by means of sodium ethoxide (yields 
up to 00%) (Meerweiny Ber. 53 , i820) : 

CIIEtCHMeCBO CJJKtCJIJMeClL,. 

I ^ 1 I 

CMc2*Cil() (!Mc2-C() O 


b-Vrif< rolartonr, CHaCHjCHgCHgCOO, b.p. 114°/14 mm., changes spontane- 
ously into apolipncVy m.p, 48°, which is decomposed by alkali into 8-hydroxy valeric 
acid, as is also the simple lactone (Ber. 26, 2574 : 36, 1200 : Ann. 319, 367). 

h-CaprolacUmCy h-inethyl-h-valcrolartoney CJgHioOg, m.p. 13°, b.p. 275°. a- or 
y-Methyl-h-valerolactonc (Ber 36, 1201). 

CL'^-Viinethyl-h-vnlerolactonCy C7llj2()2» h.p. 105°/15 mm. pp-Dimethyl-h-valero- 
lacioncy m.p. 30°, b.p. 225° (C, 1905, II. 753). 

M ethyl -y- ethyl -h-valerolactoncy b.p. 255° (Ann. 216, 127 : 268, 117). 

Higher Lactones and Carboxylic Acids 

€ -Hydroxy -carboxylic acids and hydroxy-acids containing a still more remote 
position of the alcoholic OH-group show no further tendency to lactone-formation. 
They seem rather to split off water like the ^-hydroxy-acids, since olefine car- 
boxylic acids are obtained from the corresponding amino -carboxylic acids with 
nitrous acid, together with or instead of the hydroxy -acids (Ann. 343, 44). 

However, c-Lactones have been obtained by the oxidation of certain terpene 
ketones with permonosulphuric acid (Caro’s acid). p-M ethyl- e-isopropyl- e- 

caprolactoncy C3H7CHCH2CH2CH(CH3)CH2CO((), b.p. 129°/17 mm., two storeo- 
isomerides, m.p. 4*8° and 47°. It is obtained from menthone (Vol. II). The 
two isomers yield hydroxy -acids, one liquid and the other, m.p. 65° ; but only 
one e-keto-ocid is obtained by oxidation. 

Tetrahydrocarvone (Vol. II) similarly treated yields e-methyl- P-isopropyl- 
e-caprolactoncy b.p. 156°/21 mm. 

Methylci/cZohexanone (Vol. II) gives rise to a lactone, which, on breaking 
down, passes into methyl- e-hydroxycaproic acid. Suberone (Vol. II) appears 
to give a ^-lactone which passes into ^-hydroxymnanthylic acid, HOCH2[CH2]3- 
COOH, on decomposition (Ber. 33, 858). 
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€’Hydroxycaproic acid, HO[CH2]5-COOH ; phenyl ether, CgH5()[CH2]5COOH, 
in.p. 71°, is obtained by adding potaasiurn (\yani(io to c-cliloroaniyl phenyl ether 
and hydrolysing the resulting nitrile (Her. 38, l)hr>), 

K'Uydroxyundfcoic, HOCH2[CH2]j,(H)(^H, in.p. 70°, is obtained from tu-bronio- 
undecylic acid and silver oxide. Oxidation converts it into nonane dicarboxylic 
acid (C. 1901, II. 1043). 

i-Hydroxy stearic acid, C8Hi7CH(OH)[CH2]8(X)OH, in.p. 83°, is produced from 
oleic acid through iodo- or sulphostearic acid (r/. p. 431). If oleic acid is heated 
with zinc chloride it is converted into the so-called stearolactone,Qi^^ 2 ^ 2 y prob- 
ably y-tetradecylbutyrolactone (C. 1903, I. 1404). 

v-Hydroxyhehenic acid, C8Hj7‘CH(OH)Ci2lI„4COOH, m.p. 90° (C. 1908, T. 2019). 

Higher lactones occur in the vegetable musks. Thus the lactone of co-hydroxy- 
pentadecoic acid occurs in angelica oil (Ber. 60, 902 : rf. also Ambrettolide, 
p. 454). 

Sulphur Derivatives of the Hydroxy-acids 

The mercaptan carboxylic acids and their derivatives will be considered here. 
These are acids which at the same time possess the natme of a mercaptan. They 
are obtained as oils, with a disagreeable odour, and are miscible with water, 
alcohol, and ether. 

1. Mercaptan carboxylic acids are prepared (1) from halogen-fatty acids 
and KSH ; (2) the xanthogen-fatty acids resulting from potassium xantho- 

genate {q.v.) and chloro -fatty acids, are decomposed by ammonia into mercaptan- 
carboxylic acid and xanthogen amide (Ber. 39, 732 : Ann. 348, 120) : 

CICH2COOK -f KSH -= HSCHgCOOK + KCl 

C2H50CS-SCH(CH3)C00NH4 -f- NH3 - HSCH(CH3)C00NH4 -h C2H30CS-NH2. 

(3) The mercaptan- or thio -carboxylic acids are easily oxidized to disulphides, 
such as (H00CCH2)2S2, which may also be prepared directly from halogon-fatty 
acids and potassium polysulphides ; on reduction, the mercaptan carboxylic 
acids are re-forined (C. 1907, I. 856 : 1908, I. 1221). 

These bodies tend to fonn comi)lex salts. 

Thioglycollic acid, thiolacetic acid, H8-OH2000H, m.p. — 10*5°, b.p. 
103°/13 mm., is obtained from monochloroacetic acid and potassium hydrogen 
sulphide ; and from thiohydantoin, when heated with alkalis (Ann. 207, 124). 
On adding ferric chloride to its solution an indigo -blue coloration is obtaine d. 


It is a dibasic acid. (Conductivity, Ber, 39, 730.) The barium salt, S'ClLfiOOBa 
+ 3H2O, dissolves with difficulty in water ; ethyl ester, b.p. 55°/17 min. ; amme, 
m.p. 52°. On being heated, thioglycollic acid yields thiogly collide (SCHgCO),, 

m.p. about 80°. ^ tt mo 1 

Thiolactic acid, oL-thiolpropionic acid, CH3CH(SH)C02H, m.p. 10 , b.p. 
99°/14 rnm., is prepared from pyroracemic acid (p. 402) and sulpliuret ted hydro- 
gen ; also, together with cysteine, a-amino-jS-thiopropionic ackl {q.v ) (C. 1903, 
I 15), from horn (keratin) by decomposition with hydrochloric acid. p-Thiol- 
propionic acid, imp. 10-8°, b.p. 11°/15 mm., D20 - 1-218. 

a-Thiolbutyric acid, b.p. 118-122°/19 mm. ; cL-thloUmbiityrtc acid, m.p. 
about 47°, b.p. 102°/15 inm. Reaction between y-chlorobutyromtrile and potas- 
sium hydrosulphide, see Ber. 34, 3387. 

2. a-Alkyl sulphide carboxylic acids are obtained from the interaction of 

a-halogen fatty acids and sodium mercaptidos. noo/n 

Ethylthiolacetic acid, C2H3S-CH2COOH, m.p. -8-7°, b.p. 118/11 mm.; 
D20 -= M518 (Ber. 40, 2588). 

3. a-Mercaptal carboxylic acids result from the action of a-thio-acids on 
aldehydes. Ethyl idenedithiogly collie acid, CH3CH : (SCHa'COOH),, m.p. 1( i . 

4. a-Mercaptole carboxylic acids result from a-thio-acids and ketones in the 

presence of zinc chloride or HCl. iocq 

moPropylidenedithioglycollic ackl, (CH3)2C : (SCH2CC)OII)2, m.p. 126 . 

5. a-Sulphide dicarboxylic acids are produced when K2S acts on a-halogen 
^‘^%hM^lycoUic acid, S(CH,COjH)j, m.p. 129", corresponds with diglycollic 
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acid (p. 420), and under like conditions forms a cyclic anhydride, which is both a 

< pXT pQ 

m.p. 102°, b.p. 158°/10 mm. (Ber. 27, 3059). ^ 

QL-Thiodilactylic acid, S[CH(CH3)C02H]a, m.p. 125°. y-Thiodibidyric acid, 
m.p. 99° (Ber. 25, 3040). 

unsym.,- Sulphide dicarboxylic acids are obtained from the disodium salts of 
the mercaptan carboxylic acids and sodium halogen fatty acids in aqueous 
solution (Ber. 29, 1139). 

(i. Disulphide dicarboxylic acids are readily produced by the oxidation of 
the mercaptan carboxylic acids in the air, or with ferric chloride or iodine. 
Dithiodigly collie acid, S2(CH2C02H)2, m.p. 100°. aL-Dithiodilactir acid, S 2 [CH- 
(CH3)-C02H]2, m.p. 141°. ^-Dithiodipropionic acid, S 2 (CH 2 CH 2 COOH) 2 , m.p. 
155° (Ann. 339, 351). 

Trithiodiacetic acid, S 3 (CH 2 COOH) 2 , m.p. 124°. Tctrathiodiacctic acid, 
S4(CH2C00H)2. m.p. 113° (Ann. 359, 81). 

7. Sulphonium Derivatives of Carboxylic Acids. — The free bodies — e.g. 
COOH 

I are unstable. They split off water and yield cyclic sulphinates, 

CH2S(CH3)20H, 

which are constituted similarly to the cyclic ammonium compounds, and are 
called thetines. This name, from the contraction of thio and betaine, is intended 
to express the analogy between their derivatives and betaine (Ber. 7, 695 : 25, 
2450 : 26, K. 409) : 

CO O CO O 

I I I I 

OH2-S<ph3 CH2-N(CH3)3 

Diniethylthetine. Betaine. 

The thetines are feeble bases. Their hydrobromides are produced when 
methyl sulphide, ethyl sulphide, and sodium thiodiglycollate are brought into 
action vvitli a-halogen fatty acids — e.g. chloroacetic acid and a-bromopropionic 
acid. 

I I 

Dimethylthc title, (CH 3 ) 2 SCH 2 COO, is deliquescent. 

CH ^ • Cff 

MeLhyhthyltlieiine, ^ an asymmetric sulphur 

atom, and is lesolv^ed into its two ff>rnjs by means of its salts with camphor-sul- 
phonic acid and bromocamphva -sulphonic acid : d-chloroplatitiate, [a]„ = + 4*5° 
(C. 1900, 11. 623). 

I 1 

Vifncthylthetinedicarboxylic acid, (HO-OC-CH 2 ) 2 S-CH 2 -COO, m.p. 157-158°. 
Dicthylencdisulph'ideihethte (C. 1899,11.1105). Further compounds, Ber. 33, 823. 
Selenetines, see Ber. 27, R. 801 : C. 1903, I. 22. 

8. Sulphone carboxylic acids are produced by the action of alkyl sulphin- 
ates on esters of halogen fatty acids, and resemble the ketone carboxylic acids 
{q.v.). Kthylsulphonylacetic acid, C 2 H 5802*CH2C02H. Ethylsulphonylpropiotiic 
acid, C2H5S02'CH2CH2C02H (Ber. 21, 89, 992). 

By oxidizing the sulphide, corresponding with the sulphones, with KMn 04 , 
there are obtained: Sulphonyldiacetic ocid, • 02S(CH2C02H)2, m.p. 182°. a- 
Sulphonyldipropionic acid, 02S[CH(CH3)*C02HJ2, m.p. 155° (Ber. 18, 3241). 
Sulphone diacetic acid resembles acetoacetic ester in many respects. For mixed 
sulphone -di -fatty acids see Ber. 29, 1141. 

9. a-Sulphocarboxylic acids. The sulpho-acids of the fatty acids are pro- 
duced by methods similar to those employed with the alkyl sulphonic acids : 

(1) By the action of sulphur trioxide on the fatty acids, or by acting with 
fuming sulphuric acid on the anhydrides, nitriles, or amides of the acids (J. pr. 
Chem. [2] 73, 538 : C. 1905, I. 1309). 

(2) By heating the salts of the monosubstituted fatty acids with alkali sulphites. 

(3) By the addition of alkali sulphites to imsaturated acids (Ber. 18, 483). 

(4) By oxidizing the thio-hydroxy-acids with nitric acid. 

(5) By oxidizing sulphonic acids, e,g. isethionic acid, with nitric acid. 
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The sulpho -acids are dibasic acids, corresponding with inalonic acid in their 
chemical behaviour. They arc, however, more stable towards heat, alkalis, and 
acids. 

Sulphoacetic acid, HO-SOg-CHg-COOK, is formed together with methionic 
acid, CH2(S()3H)2 (p. 247), by decomposition of acetonetrisulphonic acid, 
H0-S02*CH2-C0 CH(S03H)2, by moans of alkali (C. 1901, I. 101). (See also 
acetylsulphuric acid, p. 317.) Its dichloride, C1-S02-CH2-C0C1, b.p. 130- 
135°/150 mm., yields thioglycollic acid on reduction. The hydrogen atoms 
in the C.Hg group of the diethyl ester, KtO‘SO2*CH2‘CO0k]t (an oil which camiot 
be distilled without decomposition), can be replaced by alkyl groups, similarly 
to those in methionic esters, a(*otoacetic ester and inalonic ester (13er. 21 , 1550). 

Sulpho i^obutyric acid, H03S-C(CH3)2C00H, is formed by the interaction 
of 'i^obutyryl chloride or anhydride and concentrated sulphuric acid, 'llio 
barium salt (+ 3H2O) is less easily soluble in hot water than in cold ; dhnethyl 
ester, m.p. 4°, b.p. 78-82 VI mm. ; dichloride, m.p. - 10^ b.p. 55 VI mm. (C. 1905, 
I. 1309). 

Nitrogen Derivatives of the Hydroxy-acids 

Tlie following classes of nitrogen compounds are derived from the 
a-hydi'oxy-acids : (A) Dfrivatwes formed by modification of the, COOH 
grov]! : (1) Amides. (2) Imidohydrins. (3) Hydrazides. (4) Azides. 

(5) Nitriles. (B) Derivatives forived by substitution of the *OH group : 

(6) Nitro-a(4ds. (7) Nitroso-acids. (8) Hydroxylamino-acids. (9) 
Aminoxyl-acids. (10) Amino-acids. (11) Nitroamino-acids. (12) iso- 
Nitroamino - acids. (13a) Hydrazino - acids. (136) Hydrazo - acids. 
(14) Azo-acids. 

The a-amino-acids and their derivatives are of especial interest 
from the physiological standpoint, as being decomposition products 
of the proteins. 

(A) Derivatives formed by Modification of the COOH Group 

1. Hydroxyamides. — The a-hydroxyamides are produced (1) by treating 
(a) alkyl esters and (b) cyclic double esters or lactides with ammonia. (2) From 
the a-hydroxynitriles by the addition of water in the prosonco of a mineral acid, 
particularly sulphuric acid. 4''hey beliaxe like the iatty acid amides. 

Glycollamide, HOCH2CO-NH2, m.p. 120^, is obtained from polyglycollide, 
or from acid ammonium tartronate when heated to 150°. It possesses a sweet 
taste. 

Diglycollainic acid, NH2C0CH2()(dl2C02H, m.p. 135°. 

Di glycollamide, 0(CH2CONH2)2, breaks down when heated into ammonia and 
diglycollimide, behaves like the imides of the 

dicarboxylic acids, e.g. succinimide {q.v.) and >j-glutariiiiide. 

Lactamide, CHgCH (OH) CONH2, m.p. 74°. 

a-Hydroxycaprylamide, CH3(CH2)5t5H(OH)CONH2, m.p. 150° (Ann. 177, 
108). 

The readily decomposable additive products from ammonia and the y-lactones 
(Ann. 256, 147), are regarded as being as y-hydroxy-acid amides or as compounds 
similarly constituted to aldehyde-ammonia (Ann. 259, 143). The additive 
product from ammonia and y-valerolactone may be formulated : 

CHaCHCHjCHjjCONHj or CHa CH CHa CHaCc^J^^^- 

I 11 

OH O ' 

The addition products of hydrazine and y-lactones behave similarly : Hy- 
drazine y-valcrolactone , 0‘Cli(CH3)CM2CIl2C(0IT)(NM'NIT2)> m.p 02 , also easily 
dissociates into hydrazine and lactone (C. 1905, I. 1221). 

2. a-Hydroxy- imidohydrins. The iinido-ethers of the a-hydroxy-acids, 
whose salts are prepared in the ordinary way from nitriles by means of alcohols 
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and HCl (p. .*320), are hydrolysed when in the free state by water, into the imido- 
hydrins. These are isomeric with the corresponding amides, although they 
appear to consist of a double molecule and behave as electrolytes in aqueous 
solution (Bor. 30 , 998 : 34 , 3142). 

OlycolbniiiohydriUj ^HOCH 2 Cs^^^^ 2 » ni.p. 100^^ ; lactiwidohydrmy in.p. 
135° ; hydroxymobutyl imidohydririy m.p. 173°. 

3. Hydrazides of the hydroxy- acids : Qlycollyl hydrazide, HOCH 2 CO- 
NHNHg, m.p. 93°, has been prepared from benzoyl or oxalyl glycolUc ester and 
hydrazine hydrate (J. pr. Chem. [2], 51, 365). 

4. Azides of the hydroxy-acids : Glycollyl azide, HOCHg-CONg, is formed 
when sodimn nitrite acts on the hydrochloride of glycollyl hydrazide. It crystal- 
lizes from ether (J. pr. Chem. [2], 52, 225). 

5. Nitriles of the Hydroxy-acids. — The nitriles of the a-hydroxy- 
acids are the additive products obtained from hydrocyanic acid and 
the aldehydes or ketones, usually known as cyanohydrins. 

The aldehydes yield nitriles of secondary hydroxy-acids. Formalde- 
hyde is an exception in this respect, for it gives rise to the nitrile of 
a primary hydroxy-acid, — glycoUic acid. 

The ketones yield nitriles of tertiary hydroxy- acids. 

CHgCHiO + HNC = CH 3 CH<;Qg Nitrile of lactic acid (p. 415). 

(CH3)2C:0 -1- HNC - (CH 3 ) 2 C<^^ Nitrile of a-hydroxyi^obutyric acid (p. 423). 

The cyanohydrins result by the reaction of the aldehyde and 
ketone bisulphite compounds (pp. 244, 266) with potassium cyanide 
(Ber. 38 , 214 : 39 , 1224, 1856). 

Many of the anhydrous substances boil without decomposition, 
especially under reduced pressure ; but many break down upon the 
evaporation of their aqueous solution, and alkalis resolve them into 
their components. On the other hand, under the influence of mineral 
acids, e.g. hydrochloric acid and sulphuric acid, the nitriles first take 
up one molecule of wator and change to a-hydroxy-acid amides (see 
above), then a second molecule of water, and form the ammonium 
salts of the a-hydroxy-acids, which are immediately decomposed by 
mmeral acids (p. 322). 

When heated with P 2 O 6 they change into olefine carboxylic nitriles ; 
with PCI 6 into chloroparaffin carboxylic nitriles (C. 1898, II. 22, 662). 
Ammonia causes the formation of water and amino-nitriles (p. 435). 
Cyanoacetic ester and the a-hydroxy-acid nitriles produce water and 
derivatives of a^-dicyanopropionic acids, R 2 C(CN)*CH(CN)COoC 2 H 5 
(C. 1906, II. 1561). 

Aldehyde Cyanohydrins. 

GlycoUic acid nitrile, HO-CH 2 CN, b.p. 183° with decomposition, b.p. 
103°/26 mm. (J. pr. Chem. [2] 25, 189). Acyl glycoUic nitriles are prepared 
from chloroacetic nitrile with the sodium or potassium salts of the fatty acids 
(C. 1904, II. 1377). Forrrwxyacetoniirilef HCO 2 CH 2 CN, b.p. 173°, and acetoxy- 
acctonitrile, b.p. 180°, result also from glycollaldoxime and acetic anhydride, 
and are decomposed by amraoniacal silver oxide into AgCN and formaldehyde 
(C. 1900, II. 313). Ethers of glycoUic nitrile are prepared from chloromethyl 
alkyl ethers and silver, mercury, or copper cyanide : M ethoxy acetonitrile y b.p. 
120° ; ethoxy acetonitrile, b.p. 135° (C. 1907, I. 400, 871). 

Lactic acid nitrile, aldehyde cyanohydrin, 102°/30mm.; 

ethyl ether, CH 3 CH(OC 2 Hb)CN, b.p. 88°, is prepared from cyanogen chloride and 
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ethyl ether (Ber. 28, R. 15) ; acetyl ester, CH 3 CH(OCOCH 3 )CN, b.p. 169° (Ber. 
28, It. 109). 

nitrile, (CH 3 ) 2 CH-CH(OH }CN, decompoaos at 

Halogen Substitution Products of the Aldehyde Cyaywhydrins (Ann. 179 , 73) : 
Chloral cyanohydrin, CCl 3 CH(OH)CN, in.p. ()]°, boils with docoinposition at 
■<^15—230 . 1 ribroinolactic acid nitrile, CBr 3 CH(OH)CN. Both cornpounds can 

also bo looked on as trihalidea of orthotartronie acid nitriles. Trichlorovalcro- 
lactic acid nitrile, CH 3 CCl 2 CHCl-CH( 011 )CNr, in.p. 103^. 

Ketone Cyanohydrins : a.-Hydroxy\^obutyrie nitrile, acetone cuanohi/driti , 
(Cli 3 ) 2 C(OH)CN, m.p. — 19°, b.p. 82°/23 mm. 

Methylethylgly collie nitrile, (C 2 H 6 )(CH 3 )-C(OH)CN, b.p. 91°/20 mm. 

Viethylgly collie nitrile, (C 2 H 5 ) 2 ‘C(OH)CN, b.p. 110°/22 mm. 

p-Chloro-OL-hydroxyimbutyric nitrile, ClCH 2 C(CH 3 )(OH)CN, m.p. 110°/22 mm. 

Methyl-tort.-butylglycoUic nitrile, (CH 3 ) 3 CC(CH 3 )-(()H;)CN, m.p. 94^ is pre- 
pared from pinacolin (Ann. 204 , IS : Ber. 14 , 1974 : 39 , 1858 : C. 190G, II. 596). 

Nitriles of other hydroxy-acids have been prepared from the halogen 
glycoltiydrins (p. 369) by tho action of potassium cyanide. Ethylene cyanohydriyi, 
hydracrylic nitrile, IIOCH 2 CH 2 CN, b.p. 220°, is also obtained from ethylene 
oxide and hydrocyanic acid. ^-Ethoxybutyronitrile, CH 3 CH(OC 2 H 5 )OIl 2 CN, 
b.p. 173°, is prepared from allyl cyanide and ethyl alcohol (Ber. 29 , 1425). y- 
Methoxybutyronitrilct CH 30 [CH 2 ] 3 -CN, b.p. 173° (Ber. 32 , 948). 

e-Phenoxycaproyiitrile, C 6 H 50 [CH 2 ] 5 *C]Sr, m.p. 36°, from e-chlorocapronitrile 
and sodium phenate (Ber. 38 , 178). 

(B) Derivatives formed by JS abstitution of the -OH Group 

6. Nitro-fatty acids. oc-Nitro-fatty acids are only loiown in tho form of 
derivatives. When potassium nitrite acts on potassium chloroacetate there is 
first formed potassium nitro-acetate which decomposes into iiitroinethane and 
potassium bicarbonate (r/. p. 179) : 

kNO* H«0 

CH 2 CICOOK NO 2 CH 2 CO. 2 K ^5— > CH 3 NO 2 -h KHCO 3 . 

When silver nitrite and bromoacetic ester react, the expected nitro-acetic ester 
is replaced by two peculiar bodies containing loss water, which are derivatives 
of oxalic acid : oxalic ester nitrile oxide, C 2 H 50 C 0 -C • N : O, m.p. 111°, and bis- 
a yihy dr o -nitro-acetic ester, (CaHgOCOCNO).^, b.p. 160°/11 mm., which on reduction 
yields glycine, like a true nitro-acetic ester. Similarly, iodo -acetonitrile and 
silver nitrite do not yield nitro -acetonitrile, but a dimolecular body, deficient hi 
water, cyarwmethazofiic acid, which is possibly i^ronitroso-nitro-succinonitrile, 
NC-C(:NOH)-C(:NOOH)CN (c/. methazonic acid, p. 391) (Ber. 34, 870). 

The real nitro-acetic ester, NOa-CHa-COOCgHj, b.p. 94°/10 mm., is pre- 
pared from nitromalonic ester, N 02 CH(C 00 C 2 H 5)2 and KOH ; also from a-nitro- 
dimothyl acrylic ester, (CH 3 ) 2 C : C(N 02 )C 00 C 2 H 3 , by tho decomposing action of 
ammonia ; also, particularly easily, from acetoacetic ester by the action of 
concentrated nitric acid and acetic anhydride, together with bis-anhydro -nitro- 
acetic ester (see above) (C. 1904, II. 640). Reduction changes it to hydroxyl- 
amino-acetic acid and glycocoll (C. 1901, II. 1259 : cf. I. 881). Like other 
nitro-bodios, nitro-acetic acid forms aci-nitro salts (p. 50), MOON : CFICO 2 C 2 H 5 . 
When the ammonium salt is precipitated with mercuric chloride a very stable 

mercury nitro-acetic ester, ^ 0 -C 02 C 2 H 5 , is formed, which is soluble in 

alkalis and hydrochloric acid, and with bromine forms dibroynnnitroacetic ester, 
NOaCBraCOgCaHs, b.p. 131-134°/11 mm. (Ber. 39 , 1956). Heating with am- 
monia at 100 ° converts it into nitroaceUiynide, NO 2 CH 2 CONH 2 , m.p. 101 — 102 °, 
with decomposition. This can also be formed by alkaline decomposition of 
nitro -malonamide. Its silver salt reacting with alkyl iodides give O -ethers, such 
as CHgOON : CHCONHg which decompose readily into aldehydes and i^onitroso- 
acetamide, HON : CHCONH 2 . Dibromonitroacetamide, NO.,CBr 2 CONH 2 , and 
bronwyiitroacetamide, NOaCHBrCONHa, m.p. 79° (C. 1906, I. 910 : Ber. 37 , 4623). 
Nitro -acetonitrile, NOaCHgCN, b.p. 96°/14 mm., is prepared from methazonic acid 
(p. 391) and thionyl chloride. With bromine it gives dibroynonitroaceto nitrile, 
NOaCBrjCN, b.p. 58°/12 mm., which is a diSeront body from dibromogly oxime 
peroxide (p. 296) (Ber. 41 , 1044). 

VOL. I. F F 
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Homologous a-nitro-fatty esters, such as oi-nitropropionic ester, CH3CH- 
(N0^)C02C2H 5, b.p. 190-195°; tx-nitrolnityric ester, C2H6CH(N02)C02C2H5, b.p. 
123°/20 nun., are obtained from the alkyl-nitr()-malonio esters and sodium 
alcoholate (C. 1904, II. 1600). oL-Nitro-mohutyric acid, (CH3)2C(N02)C0()H : 
nitrile, in.p. 53°, is obtained by oxidation of nitroso-f.vobutyric nitrile (below) 
with nitric acid ; amide, m.p. 118°. 

^-Nitro-fatty acids : p-Nitropropionic acid, NOgCH 2CH2CO2H, m.p. 66°, 
is prepared from )3-iodopropionic and silver nitrite ; ethyl ester, b.p. 161-165°. 
P-^dtro-isovaleric acid, (CH3)2C(NO2)-CH20()2H, is obtained together with j3/3- 
di nitropropane, (CH3)2C(N02)2, by the action of nitric acid on isovaleric acid 
(Ber. 15, 2324). 

7. Nitroso-fatty acids. Nitroso-fatty acids, which contain the group 
— CHg’NO or — CH-NO, are tautomeric with the isYmitroso- or oximino-fatty 
acids, which will bo considered later as derivatives of the aldehyde- and ketone- 
carboxylic acids (pp. 460, 465). 

Oxidation by chlorine of hydroxyl-amino-?'6-obutyric nitrile (see below) yields 
the nitrile of nitrosomohutyric acid, (CIl3)2C(KO)COOH. The nitrile melts at 53° 
to a blue liquid ; aynide, m.p. 158° (docomp.) ; ester, m.p. 89° ; amidine, (CPIa)./-- 
(N0)C(NH)NH2, is converted by hydrocyanic acid, etc., into a series of peculiar 
bases (Ber. 34, 1863 : 36, 1283). 

8. Hydroxylamino -fatty acids. Their nitriles result from the comhinat-ioii 
of hydrocyanic acid with aldoximes and ketoximos (p. 250) (Ber. 29, 65). Hy- 
droxylaminoacetic acid, HONH-CHaCOOH, m.p. 132°, is obtained from 'i,9onitro- 
aminoacetic acid (p. 452) and from nitro -acetic ester (see above), also from 
i^obonzaldoxime acetic acid (Vol. II) (Ber. 29, 667). 

oi-Hydroxylaminobutyric acid, CH3‘CH2CH(NHOH)COOH, decomposes at 
166° ; nitrile, m.p. 86°, results from propionaldoxime and HCN (Ber. 26, 1548). 
a.-Hydroxyla7yiivo'\ml)uiyric acid, (CH8)2C(NHOII)COOH, is prepared from iso- 
nitroaminof,9obutyric acid (p. 452) ; jyitrile, m.p. 98°, is produced from acetoxime 
and HCN ; further deriv^atives, see Ber. 34, 1863. 

9. Aminoxyl-fatty acids are isomeric with the hydroxylamino-fatty acids. 
Aiyyinuxyl -acetic acid, NHoOCHgCOOH, is obtained by the breaking clown of 
ethyl benzhydroxime acetic acid, CaH3C(OC2H5) : NOCHgCOOH. Hoyyiologves, 
sec Ber. 29, 2654. 


10. Amino-fatty Acids 

Tlie amino-fatty acids ore amino -derivatives of the monobasic 
fatty acids, produced by the replacement of one hydrogen atom in 
the latter by the amino-group : 

CH3COOH NH2CH2COOH 

Acetic acid. Aiiiinoacetic acid. 

The firm union of the amino-group in them is a characteristic 
difference between these compounds and their isomeric acid amides. 
Boiling alkalis do not eliminate it, in which it resembles the NHg 
group of the amines. Several of these amino-acids occur already 
formed in plant and animal organisms, to which great physiological 
importance is attached. They can be obtained from proteins by 
heating the latter with hydrochloric acid, or alkalis, or by the action 
of ferments or bacteria. 

The general methods in use for preparing the amino-acids are : 

(1) The reaction of the monohalogen fatty acids when heated 
with ammonia (similar to the formation of the amines from the alkyl 
halides, p. 188) : 

Thus chloroacetic acid yields 

NH 2 CH 2 COOH NH(CH2-COOH)o N(CH2C00H )3 

Andnoacetic acid. Iminodiacetic acid. Triglycollamic add. 

(Glycine). (I)iglycollamic acid). 
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Amino-acids with alkyl groups attached to the nitrogen are 
obtained from the monohalogen fatty acids or from hydroxy-acid 
nitriles by the action of amines (J. pr. Chem. [2] 65, 188) : 


-NU(CH3), 
CHo 


^COOH 


(Cli 




(2) The replacement of the halogen in a halogen-fatty acid by 
the amino group is conveniently carried out by allowing the ester 
of the halogen acid to react with potassium phthalimide, the amino 
ester being subsequently split off by the action of hydrochloric acid 
at 200" : 

+ ClCH,-C()OEt >. C„H,<^^>N CH,-COOEt 

NHj-CH^ COOH, HCl. 

Frequently the cheaper p-toluencsulphonamide can be used, and 
yields amino acids by reaction in aqueous or alcoholic solution with 
a-halogen-fatty acids (Z. angew. Chem. 39, 1460). 

(3) The reduction of nitro- and /^onitroso- acids (p. 433) with 
nascent hydrogen from zinc and hydrochloric acid or aluminium 
amalgam in ether (C. 1904, IT. 1709) : 

OH 

CHaNOgCOOCaHs (’H2NH2COOII 

N it roacetic eater. Aininoacotif acid. 


(CH3),CHCH2C(N0II)C02C2H, - (OK3)3CHCH,CH(Nll2)COOH 

'i«eNitro8oiKol)utyla(!etic ester. /-Leucine (a-Ainino/.vecapr()i{‘ acid). 

(4) Reaction of the cyano-fatty acids (q.v.) with nascent H (Zn 
and HCl, or by heating with HI), in the same manner that the amines 
are produced from the alkyl cyanides (p. 190) : 

CN COOH -f 2H., - CH.,(NH2)C02H 

Cyanoformic acid. Aminoacetic acid. 


This reaction connects the amino-fatty acids with the fatty acids 
containing an atom less of carbon, and also with the dicar boxyhe acids 
of like carbon content, whose half nitriles are the cyano-fatty acids. 

(5a) The nitriles of the a-amino-acids are prepared by allowing 
a calculated quantity of ammonia, in alcoholic solution, to act on 
the hydrocyanic acid addition-products of the aldehydes and ketones, 
and then setting free the hydrochlorides of the a-amino-acids from 
these by means of hydrochloric acid (Bcr. 13, 381 : 14, 1965) : 


HCX ^CN 


NU3 ^CN 


HCl 






(CH3)aCO 


HCN ON 


NH, XN 


HCl 




(56) Nitriles of a-amino-acids can also be synthetically obtained 
from the aldehyde-ammonias by means of hydrocyanic acid ; also 
from aldehydes by means of ammonium cyanide (Ber. 14, 2686) : 


CH,CH<2g^ CH3CH<^H, OH 3 CHO. 


Ketones also unite with ammonium cyanide to form nitriles of the a-amino- 
dialkyl acetic acids (Ber. 33, 1900 : 39, 1181). 

Aldehydes and ketones may, with advantage, be allowed to act on a mixture 
of potassium cyanide and ammonium chloride (Ber. 39, 1722). 
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Alkyl- and dialky laminonitriles are obtained when aldehydes in 
bisulphite solution are treated with potassium cyanide and subse- 
quently with primary or secondary amines (Ber. 38, 213). 

(6) Higher amino-acids can be synthesized by a reaction due to 
Erlenmeyer jun. (Ber. 30, 2981 : Ann. 307, 138). An aldehyde is 
condensed with hippuric acid (Benzoylglycine) and the product is 
reduced with sodium amalgam or hydriodic acid (1) 1*7, Biochem. J. 
21, 852) and the benzoyl group hydrolysed off. 


H CHO -f CHj COOH R CH : C COOH R CH, CH COOH 


NH-COCeH, 


NHCOCeHs NHCOCeH^ 


> R CH2 CH(NH2) C00H. 


Hydantoin is sometimes found more satisfactory than hippuric 
acid (Ber. 55, 3859). 

(7) Higher amino-acids can be obtained from the substituted 
malonic acids by converting these into the monoazides, heating the 
latter and hydrolysing the cyclic amidoanhydride with acids (Ber. 
55, 1543) : 


/COOK NUa-NHa /COOH 

R-CH< ^ R CH< 

\COOKt hno. \cONo 


/CO • O 

-> Ng -f R-CH< I 
\NHCO 


R CH(NH2) C00H. 


(8) An important method of general application consists in the 
interaction of azoimide and substituted acetoacetic esters in benzene 
solution under the influence of strong sulphuric acid. The first- 
formed acetylamino ester yields the free amino-acid on hydrolysis 
(Ber. 57, 704) : 

CHg CO CHR COOEt + HNg CHa CO NII CHR COOEt + Ng 

^ CHa-COOH + NHa-CHR-COOH -f EtOH 


(9) The formation of amino-acids by the catalytic hydrogenation 
of a-keto-acids in the presence of ammonia is of physiological impor- 
tance. Imino-acids are probably intermediate products (Knoop, Z. 
physiol. Chem. 148, 294) : 

CHj CO COOH + NHa > CH3 C(:NH)-COOH > CH3 CH(NH2) COOH. 

It is probable that amino-acids are formed by plants and animals 
in a similar manner. (For a different interpretation of the biological 
formation of amino-acids, see Bergmann, Z. physiol. Chem. 174, 83.) 


Skita has evolved a similar method for the preparation of alkylamino acids, 
SddjJ's bases (p. 250) being condensed with pyruvic acid, usually with the forma- 
tion of well-characterized condensation products, which are then hydrogenated 
with the use of platinum or palladium as catalysts (Ann. 453 , 190 : 455 , 17) : 

CH3 CH-CeH^ CH.-CH-CgH^ CH2CH2C3H5 


CO + NC2H5 ^CrNCaHj, CHNHC2H6 

COOH COOH COOH 

Properties . — The amino-acids are crystalline compounds usually 
possessing a sweet taste. They are generally easily soluble in water, 
but usually very sparingly soluble in alcohol or ether. 

Constitution . — The amino-acids contain both a carboxyl and an 
amino group, and hence show the properties of both acids and bases. 
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They react neutral, and it used to be considered that in neutral solu- 
tion, both amino and carboxyl groups were practically undissociated. 
In alcoholic solution they react sufficiently acid to be filtrable with 
bases, using phenolphthalein as indicator (Ber. 54, 2988). More 
recent views support the opposite view, that in neutral solution 
the compounds are practically completely dissociated, and possess 
what has been called a Z witter ion '' structure. The two formulae 
can be represented as foUows : 

NHa-CRR'-COOH NHa+CRR/COQ- 

“ Classical ” formula. “ Zwiftrrion ” formula. 


The new formula is based on physico-chemical deductions from 
the relative acidic and basic strengths of the amino -acids and related 
compounds and on the titration curves of the amino-acids (sec Adams, 
J.A.O.S. 38, 1503 : Bjerrum, Z. physik. Chem. 104, 147 : Birch and 
Harris, Biochem. J. 24, 1080). 

The acids were formerly represented as a cyclic ammonium salt 
on the analogy of betaine (and of the /> and y-betaines, pp. 442, 448), 
but betaine itself may be represented by the dipole formula (Ber. 55, 
1762) : 

yNH,\ /NMc^v /NMe,^ 


CH/ 

\C0'^ 
Amino acid 
{Cyclic formula.) 




CH 


>() 


CH 


Betaine. 


‘\cO()- 

Betaine, 

(Dipole forraiiln.) 


Reactions. — (1) The aniirio-ueids form metallic salts by the action 
of bases. 

(2) With acids, the^ form substituted ammonium salts. In the 
presence of alkalis or alkaline earths, the amino-acids combine with 
carbon dioxide to form the salts of a carbamino-carboxylic acid, the 

calcium or barium salt of which is of value on account 

of its low solubility, in .separating amino-acids from mixtures (Ber. 
39 397 • Chem. Ztg. 1907, 937). The difficultly soluble picrate.s 
and picrolonates arc also of value in the separation of amino-acids. 
Many amino-acids form compounds seith neutral salts, see Z. 

physiol. Chem. 81, 329. , u u i 

(3) By the replacement of the carboxybe hydrogen by alkyl 
groups, esters are formed, which are very reactive compounds. 

The esters are obtained as hydrochlorides by heatmg the acid 
with alcohol and hydrochloric -acid. The free esters are compounds 
which can be distilled under diminished pressure without docomposi- 
tion. They are liquids, with the properties of amine.s, fairly readily 
saponified.' On heating they form diketopiperazines (P- 4^6). 

^The esters of the a-amino acids are of especial importance as the 
starting material for the preparation of the diazo-esters, and also or 
Reparation of the amino-acids formed by the hydrolysis of protems 

^ (4) Phosphorus pentachloride converts the amino-acids, suspended 

in ac4yl chloride, hito hydrochlorides of the highly reactive amino- 
acid chlorides (E. Fischer, Ber. 38, 2914) . 

KH^CHoCOOH + pels = HCl-NHjCHsCOCl -H POCh. 
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(5) The hydrogen of the amino-group can also be replaced by 
acid and alcohol radicals. The acyl derivatives are obtained by the 
action of acid chlorides on an alkaline solution of the acid, or in 
presence of bicarbonate, or on the ester in a neutral solvent : 

+ CjHaOCl - + HCl. 

Acetylaminoacotic acid . 

Those acyl derivatives which serve most suitably for identifying the amino- 
acids are the hciizoyJ-y hcyizenefnij phonic and naphthalenesnlphonyl compounds 
such as CeMB-CO NHCHaCOOH, CellsSO^-NHCH^COOH, CioH^SOa NHCH^- 
COOH. Another class of derivatives is the phenyl uroido-acids, such as 
CgHs-NHCONHCHaCOOH, produced by phenyl /weyanate (V^ol. TT) in alkaline 
solution (Ber. 35 , 3779 : 39 , 2359). The amino-group in the acyl amino-acids 
is “ neutralized ” by the acyl groups ; they are therefore si ronger acids than the 
simple amino-acids, and many of them crystallize well. 

Acyl groups can be introduced into the amino-acids by means of acid anhy- 
drides and acid azides (J. pr. Chem. [2] 79 , 57). The formyl group can bo intro- 
duced by the use of anhydrous formic acids (Ber. 38 , 3997). When a-amino- 
acids are heated with acetic anhydride and pyridine, carbon dioxide is lost and 
an a-acotamido -ketone produced (J. Biol. Chem. 78 , 91, 745) : 

R CH(NH2) C00H + (CH3C0)20 R CH(NH C0 CH3) C0 CH3. 

(6) The a-amino-acids react with formaldehyde to form compounds 
which contain three molecules of aldehyde to each molecule of acid. 
These compounds are converted into the simple Y-methylene deriva- 
tives R-CH(-N:CH2)*C00H by the action of alkali (Z. physiol. Chem. 
131, 18). These Y-methylene compounds are of importance in the 
titration of amino-acids in the presence of formaldehyde by Sorensen’s 
method, the influence of the amino-group being suppressed and the 
compounds reacting as acids (Biochein. Z. 7, 45 : Z. physiol. Chem. 
60, 1). 

The barium and calcium salts of the amino-acids react especially 
easily with aldehvdcs, with the formation of A-alkylidene derivatives 
(Ber!: 58, 1034). ^ 

(7) Optical liesolufinr; vj Hacemic Ammo-acids, — This is carried out 
by means of the strychnine, brucine, morphine, or cinchonine salts 
of the benzoyl- and formyl-amino acids. The resolution of racemic 
alanine, a-amino-butyric acid, a-amino-i^ovalcric acid, leucine, aspartic 
acid, and glutaminic; acid, has been carried out in this manner (Ber. 
32, 2451 : 33, 2370 : 38, 3997) The resolution of the racemic syn- 
thetic a-amino-acids is of importance because it completes the labora- 
tory production of the natural a-amino-acids (from proteins), which 
are aU optically active. The resolution can also be carried out by 
the aid of yeasts, which consume either the d-form only, or only the 
/-form (C. 1906, II. 501). 

(8) Exhaustive methylation (p. 198) causes the ehmination of the 
amino-group, with the formation of unsaturated acids. Thus, a- 
aminopropionic acid yields acrylic acid ; a-aminobutyric acid gives 
rise to crotonic acid (Ber. 21, R. 86) ; a- amino -?^- valeric acid yields 
propyhdeneacetic acid (Ber. 26, R. 937). 

(9) Hydriodic acid at 200^^ causes the exchange of the amino-group 
for hydrogen, whereby the acid is converted into a fatty acid (Ber. 
24 , R. 900). 

(10) Boiling with alkalis does not affect the amino-acids, but fusion 
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with potassium hydroxide causes decomposition into ammonia or 
amines and salts of fatty acids. 

(11) Dry distillation, especially in presence of barium oxide, 
decomposes the acids into amines and CO 2 : 

CH3-CH(NH2)C00H - CH 3 CH 2 NH 3 + CO 2 . 

Aminoacctic acid. Ethylaminc. 

The same decomposition, with the formation of amines and carbon dioxide, 
is brought about V)y certain bacteria. The action of yeast on amino -acids is 
described on p. 141. 


(12) The action of nitrous acid converts the amino-acids into 
hydroxy-acids, with evolution of nitrogen. This action, followed by 
the measurement of the evolved nitrogen, is the basis of Van 81yke’s 
method for the estimation of amino compounds : 

R CH(NH2) C00H + HNO 2 y R CH(OH) COOH + N 2 + H 2 O. 


(13) The amino -ester hydrochlorides are changed by potassium 
nitrite into diazo-fatty esters (p. 458), the formation of which serves 
for the detection of small quantities of amino-acids (Bcr. 17, 959). 
In the presence of excess of hydrochloric acids, chloro-fatty acids are 
formed (C. 1901, 1. 98). Similarly, nitrosyl bromide produces a-bromo- 
fatty acids. 

(14) Ferric chloride produces a red coloration with all the amino- 
acids, which is destroyed by acids. 

(15) Triketohydrindene hydrate (Vol. II) yields a blue colour which 
can be extracted with amyl alcohol, when heated with amino-acids. 
(N inhydrin reaction : Constitution of the pigment, see J. Biol. Chem. 
25 , 319 : cf. Biochem. Z. 141, 105.) 

(10) The amino-esters can be reduced to amino-aldehydes (Ber. 
41, 956, 1019) and amino-alcohols (Helv. Chim. Acta. 4, 76). Oxida- 
tion with hydrogen peroxide, see C. 1908, I. 1164. 

(17) One of the chief characteristics of the a-amino-fatty acids is 
that when they lose water they yield cyclic double acid amides corre- 
sponding with the cyclic esters of the a-hydroxy-acids or lactides. 




Glycollide. 


Glycocoll anhydride. 


The y- and (5 -amino -acids, and amino-acids possessing long chains, 
however, are capable of forming cyclic, simple acid amides, the lac- 
tarns, corresponding with the lactones, the cyclic, simple esters of the 
hydroxy- acids : 


CH 2 CO. 

I 

CH2CH2/ 

Butyrolactonc. 


C±i2<\cH2CH-^'^ 

(5-Valerolactone. 


CHgCO^ 

I 7NH 

y-Butyroiactam. 

Pyrrolidone. 

6-\alerolactam. 

2-Piperidone. 


Breakdown of cl- Aini'no -acids in the A^iiinal Organism. In contradistinction 
to the assumed jS-oxidation ot the fatty acids (see p. 308), the breakdown of the 
amino -acids starts at the a-carbon atom, probably by formation of an immo- 
acid followed by deamination to an a-keto-acid, which is then aecarboxylated 
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and oxidized to the fatty acid containing one carbon atom less (c/. Synthesis, 
method (9), p. 436) {Nrubm^cr, Kiioop, Z. physiol Chem. 71 , 252) : 

R-CH(NH 2 ) C00H R-C(:NH)-COOH — R-CO COOH + NHg 

- CO, 

R COOH. 

o 

OL- Amino-acids 

Glycine, ghycocoU, aminoacetic acid, NHa-CHg-COOH (or NH 3 +*- 
CHo-COO”, p. 437), m.p. 232-236°, is obtained by the general methods 
already described. It is obtained from chloroacetic acid by the 
action of ammonia or phthalimide, by the reduction of nitroacetic 
acid or cyanoformic acid, or by the hydrolysis of methyleneamino- 
acetonitrile, CHg : N-CHo-CN (p. 441) with hydrochloric acid (J.C.S. 
1929 , 2463) or of aminoacetonitrile, NHg-CHo-CN, with baryta. The 
last two and the first two methods are of practical importance. The 
preparation of the aminoacetonitrile and its conversion into glycine 
is as follows (Ann. 278 , 229 : J. pr. Chem. [2] 65 , 188) : 

HCN KH, Ba(OH) 

H-CHO > CH2(0H)-CN CHo(NH2)-CN • -- > CH 2 (NH 2 ) : COOH. 

It is also obtained by the hydrolysis of hippuric acid (benzoyl- 
glycine), by the reduction of cyanogen gas by boiling hydriodic acid, 
by the action of ammonium cyanide and sulphuric acid on glyoxal, 
formaldehyde being a probable intermediate compound (Ber. 15 , 
3087) and by the action of ammonia on glyoxylic acid, formylglycine 
being an intermediate (Ber, 35 , 2438). 

History. — Braconnot (1820) obtained glycocoll by decomposing glue with 
boiling sulphuric acid. It owes its name to this method of formation and its 
taste. yXvKv?, finreet, hoXXa, give. Drssaignes (1846) showed that glycocoll was 
formed as a decomposition product when hippuric acid was boiled 'with concen- 
trated hydrochloric acid : 

COOH COOH 

I -f H 2 O + HCl - j + CeHsCOOH. 

CHaNHCOC^Hg CH 2 NH 2 HCI 

Hippmio acid GlycooolJ Benzoic acid, 

benzoyl glycocoll. hydrochloride. 

Strerlt r (1848) observed that glycocoll appeared from an analogous decompo- 
sition of the glycocholic acid occurring in bile {cf. Taurine, p. 376) : 

COOH COOK 

I + 2KOH I + C24H3,05K + H 2 O. 

CH 2 NH 2 C 24 H 39 O, CH 2 NH 2 

Glycocholic acid. I’otassiiim Potassium 

amino-acetate. cholate. 

Since then, glycocoll has been found to constitute a breakdown produtd of 
many other animal and vegetable proteins ; it is especially abundant in the 
fibroin of silk. 

Glycocoll was first (1858) prepared artificially by Perkin and Duppa, when 
they allowed ammonia to act on bromoacotic acid. 

Properties . — Glycocoll crystallizes from water in large, rhombic 
prisms, which are soluble in 4 parts of cold water. By precipitation 
of its aqueous solution with absolute alcohol it is obtained as needles, 
chemically identical with the other form (Ber. 55, 1066). It is in- 
soluble in alcohol and ether. It possesses a sweetish taste, and melts 
with decomposition. Heated with barium hydroxide it breaks up 
into methylamine and carbon dioxide ; nitrous acid converts it into 
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glycollic acid. Ferric chloride imparts an intense red coloration to 
glycocoll solutions ; acids discharge this, but ammonia restores it. 

Metallic Salts . — An aqueous solution of glycocoll will dissolve many metallic 
oxides, forming salts. Of these, the copper salty (C 2 H 4 N 02 ) 2 Cu -f HgO, is very 
characteristic, and crystallizes in dark blue needles : silver salty C 2 H 4 N 02 Ag, 
crystallizes on standing over sulphuric acid. The combinations of glycocoll 
with salts, e.g. C 2 H 5 N 02 *KN 03 , C 2 H 5 N 02 *AgN 03 , are mostly crystalline. 

Salts with acids . — Glycocoll yields the following compounds with hydro- 
chloric acid : C 2 H 5 N 02 *HC 1 and 2 (C 2 H 5 N 02 )-HC 1 : the first is obtained with an 
excess of hydrochloric acid, and crystallizes in long prisms. NitratCy CaHgNOa- 
HNOg, forms large prisms. 

Ethyl aminoacetatcy glycocoll estery NH 2 *CH 2 COOC 2 H 5 , b.p. 149°, b.p. 62°/10 
mm., obtained from the hydrochloride with 33% NaO, is an oil resembling cocoa 
in odour, which is easily soluble in ether, alcohol, and water. In aqueous solution, 
however, it changes into dikotopiperazine (p. 446), and in ether into triglycyl- 
glycine ester (p. 448). The ester is particularly suitable for the preparation of 
various derivatives of glycocoll (Ber. 34, 43(>). Glycocoll ester hydrochloride y 
HCl-NHg-CHaCOOCoHr,, m.p. 144°, is formed by the passage of HCl gas into a 
mixture of alcohol and glycocoll, and can be employed as a method of estimation 
of glycocoll on account of its slight solubility in alcoholic hydrochloric acid (Ber. 
39, 548). It is also obtained from methyleneaminoacetonitrile (see below), 
aceturic acid (p. 442) (Ber. 29, 760), or from the reaction product of hexamethy- 
leneamine and potassium chloroacetate (C. 1899, I. 183, 420), by the action of 
alcoholic hydrochloric acid, whereby the ester hydrochloride results. This is also 
formed by pouring excess of alcohol on glycyl chloride hydrochloride y HC 1 *NH 2 - 
CH 2 COCI, which is prepared from precipitated glycocoll and phosphorus penta- 
ehloride in acetyl chloride, as a crystalline powder (Ber. 38, 2914). 

Glyc/ycoUamidCy amino-acetamide y NH 2 CH 2 CONH 2 , is produced when glycocoll 
is heated with alcoholic ammonia to 160°. It is a white mass which dissolves 
readily in water, and reacts strongly alkaline. The HCl -salt results on heating 
chloroacetic ester to 70° with alcoholic ammonia. 

Glycocoll hydrazidcy NH 2 CH 2 CO-NHNn 2 , m.p. 80-85°, is obtained from 
glycocoll ester and hydrazine hydrate, as a hygroscopic crystalline mass ; hyd.ro- 
chloridcy C 2 H,N 30 - 2 HC 1 , m.p. 201° (J. pr. Chem. [2] 70, 102). 

Glycocoll nitrile.y amino -acetonitr He y NH 2 CH 2 CN, b.p. 58°/15 rnm., is prepared 
from glycoll nitrile and alcoholic ammonia at 0 °; hydrochloridcy m.p. lOo J 
s^dphatcy C 2 H 4 N 2 -H 2 S 04 , m.p, 101° (J. pr. Chem. [2] 65 189; Ber. 36, loll) 

M ethyl eneaminoacetonitr lie y CHg : NCHgCN, m.p. 129 (docomp.), is formed 
from formaldehyde, ammonium chloride, and potassium cyanide ; also from 
glycocoll nitrile and formaldehyde. It may consist of a double rnolecule. It is 
remarkable for its ready crystallization (J. pr. Chem. [2] 65, 192 : Ber. 36, 1.) ). 

COOH COO . 

Methyl glycocoll, ^arco^me, I or | \ , was first obtained 

CH 2 NHCH 3 CH 2 NH 2 CH 3 . , . , , 

by LieUg (1847) as a decomposition product of the creatine contamed in beef 
extract. Its name is derived from aap^, flesh. Volhard (1862) prepared 1 - s;^- 
thetically by the action of methylamine on monochloroacetic acid ; and it is also 
produced when creatine, NH,-C( : NH) NMe-CH,-COOH or caffeine (p 644 
is heated with barium hydroxide solution. It dissolves mcthvl 

difficulty in alcohol. The nitrile of sarcosme is obtained together with methyl- 
amine from methylene cyanohydrin, the additive Product of formaldehyde and 
hydrocyanic acid (Ann. 279, 39 : J. pr. Chem. (2] 65, oia_220'' 

It is readily soluble in water, but sparingly so m alcohol. It mobs at 210 

with decomposition show an 

yields methylhydantoin with cyanogen cMoride^d 

amide. Sarcosine ethyl ester, CHjNHCHjCOjCjH j, p- / 

^*’v^ethyl glycocoll, (CH 3 ),NOH,COOH, is prepared ^THs^t'Sed by 
nitrile, dimethylaminoacetonitrUe, (CHj),NCHjC , (abovel or on 

the action of dimethylamine on methyleneammoacetomtnle (above) or on 
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gly collie nitrile. Dimcthylamiiioacetic methyl ester, (CH3)2NCH2COOCH3, b.p. 
135®, is obtained from the interaction of chloroaoetic ester and dimothylamine. 
It is isomeric with betaine, into which it partly changes when heated. Betaine, 
when heated above its melting point (293®), forms an equilibrium mixture, in 
which the dimethylamino ester predominates (Bor. 35, 684) : 


(CH3)2NCHoCOOCH3 


(CH3)3NCH2C00. 

CH, 


Betaine, trimcthylglycocoll, oxyneurine, NMog^ ^CO, or bettor. 


NMog + 'CHg-COO- (Pfeiffer, Bor. 55 , 1702), has already been mentioned (p. 371)) 
in connection with choline, from which it is prepared by oxidation. 

Its hydrochloride is prepared by the union of monochloroacetic acid with 
trimethylamine (Ber. 2 , 167 : 3 , 161 : 35 , 603) : 

CICH2COOH 4- N(CH3)3 =- ClN(CH3)3CIl2COOH. 

Similarly, chloroacetic ester and trimethylamine yield betaine ester hydro- 
chloride, C1N(CH3)3CH2-C02C2H5, m.p. 143° (Ber. 38, 167). Betaine is also 
obtained by the methylation of glycocoll by means of methyl iodide, potassium 
hydroxide, and methyl alcohol. It occurs in beet-root {Beta vulgaris) {Scheibler, 
Bor. 2 , 292 : 3, 155), and is to bo extracted from beet molasses, in which it is 
the substance which gives rise to the trimethylamine obtained therefrom (p. 197). 
It also occurs in the leaves and stalks of Lycium barbarum, in cotton seeds, and 
in germ of malt and wheat (Ber. 26 , 2151). 

It crystallizes in deliquescent crystals in which the acid, HON(CH3)3CH2COOH, 
may be present. At 100° this ammonium hydroxide derivative loses one molecule 

! I 

of water, forming a cyelie ammonium salt, ON(CH3)3CH2CO, which melts at 293°, 
with partial conversion into dimethylaminoacetic methyl ester (see above). 
Iodine in potassium iodide precipitates a periodide from an aqueous solution of 
betaine (C. 1904, II. 950). 

Ethylamino derivatives. The action of ethylamine, diethylamine and 
t riethylamino on chloroacetic acid produces ethyl glycocoll, diethylglycoeoll, and 

I I 

iriethylglycoeoll, tnethylbctainc, (02^5)3^0112000. Similarly to betaine itself, 
the latter compoimd is converted by destructive distillation into diethylammo- 
acetic ethyl ester, b.p. 177°, the ethiodido of which is reconverted by silver oxide 
into triethyl betaine. Similar changes have been observed with dimethylethyl 
betaine and methyldiethylbetninc (Bor. 35, 584). 

The homologous betaines can also be prepared by the addition of iodo- 
alkyls to dialkylaminoacetonitriles and the subsequent saponification of the 
iodo-alkylate formed. The dialkylaminoacetonitriles just referred to can be 
Sjiithesized from formaldehyde, hydrocyanic acid, and dialkylaminos (Bor. 36 , 
4188). 

CH,T I ^ I 

(C2H5)2NCH2CN > (C2H3)2N(CH3l)CH2CN (C2H3)2N(CH3)CH2C00. 

Acyl Derivatives. Formylgly cocoll, forrnam/inoacetic acid, HCONH'CH2- 
COOH, m.p. 151-152°, is prepared by heating glycocoll with formic acid to 100° ; 
and from glyoxylic acid and ammonia (Ber. 36 , 2525 : 38 , 3999). 

2CHO COOH + NH3 - HCO'NH CHaCOOH + CO2 + H2O. 

Glyoxylic acid. Formyl glycine. 

A eetylgly cocoll, acetamhwacetic acid, aceturic acid, CHgCONH-GHjCOOH, 
m.p. 206°, results from the action of acetyl chloride on silver glycocoll ; from 
acetamide and monochloroacetic acid ; from ammonia and a mixture of glyoxylic 
and pyroracemic acids (Ber. 36, 2526). It is readily soluble in water and alcohol, 
and behaves as a monobasic acid (Ber. 17, 1664). 

More important are hippuric acid or benzoyl glycocoll (q.v.) and glycocholic 
acid iq.v.) which have already been referred to in connection with glycocoll, and 
which will be dealt with later. They are similarly constituted to aceturic acid. 
Naphthalenesulphoglycine, CioH7S02NH-CH2COOH, m.p. 156° (Ber. 35 , 3779). 

Di- and tri-glycollamic acids are formed on boiling monochloroacetic acid 
with concentrated aqueous ammonia (Ann. 122 , 269 ; 145 , 49 : 149 , 88). 
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D%glycollawic acid, NH(CH2C02H)o, m.p. 225°, forms salts both with acids 
and bases, whilst triglycxtllamic acid, ^^(CHgCOaHlg, cannot unite with acids. 

lrnim)-acet<omtrilc, NH(CH 2 CN) 2 , m.p. 75°, and triglycollamic nitrile, N(CH 2 - 
CN) 3 , m.p. 12()°, are obtained from methylene cyanohydrin and ammonia (Ann. 
278 , 229 : 279 , 39). Dim, cthyl-dicyano -methyl -am7rwniu7n bromide, (CHglg- 

NBr(CH 2 CN) 2 , is prepared from dimethyl aminoacetonitrile and bromoaceto- 
nitrile (Bor. 41 , 2123). 

Alanine, cL-arninopropionic acid, CH 3 CH(NH 2 )COoH (see also 
below), m.p. 293° (decomp.), is obtained from a-chloro- and a-bromo- 
propionic acid by means of ammonia ; also from aldehyde-ammonia, 
hydrocyanic acid, and hydrochloric acid ; or aldehyde, ammonium 
cyanide, and hydrochloric acid (Bcr. 41 , 2()()1), by hydrolysis of the 
intermediate oL-amino-propionitrile, CH 3 CH(NH 2 )CN. This can be 
precipitated as sulphate from an alcoholic solution of aldehyde- 
ammonia and hydrocyanic acid by sulphuric acid, and may be re- 
solved into its optically active components by formation of the 
tartrates (p. 72) (C. 19()4, I. 3f>0). 

It can be prepared by the action of hydrogen and ammonia on 
pyruvic acid in the presence of colloidal palladium (Compt. rend. 
186 , 1844). 

Racemic or alanine crystallizes from water in aggregates of 
hard needles ; it is soluble in 3 parts of water, less easily in alcohol, 
and not at all in ether. On being quickly heated, it melts with partial 
decomposition, partially into ethylamine and CO 2 , and partially into 
aldehyde, CO, and ammonia (Ber. 25 , 3502 : 32, 245). Alanine is 
partially oxidized to pyruvic acid when shaken with air in the presence 
of copper (Compt. rend. 176, 1227). 

A7nide, CH 3 -CH(NH 2 )-CONH 2 , m.p. 68° (C. 1906, I. 818). Alanine ethyl 
ester, CH 3 CH(NH 2 )CX:)OC 2 nf 5 , b.p" 48°/ll mm. ; h/i/droehloride is easily soluble in 
alcohol, unlike glycine ester hydrochloride (Ber. 34 , 442). Alanyl chloride hydro- 
chloride, CHgCIlfNHgCOCOCl, is a white crystalline powder (Ber. 38 , 2917). 
^-Naphthalcnesidpho -ala nine, CioH 7 S 02 'Nl-I.(TI(CH 3 )COOH, m.p. 152°. Bcn- 
zoylalaninc, CgHfiCO-NHCH(CHg)COOH, m.p. 165°, is resolved by means of 
brucine into the component s d- and /-benzoylalanines, which, on hydrolysis, yield 
I- and d-alanine. 

Dextrorotatory alanine, dec. 297°, [«]?" + 2-7° (in water), [al'S 
-f- 10'4° in hydrochloric acid (Ber. 39 , 4(»2 : 40 , 3721), occurs among 
the products of hydrolysis of many proteins, and can be isolated as 
ester in large amount from the hydrolysis products of silk fibroin. 
It forms rhombic crystals. The naturally occurring alanine has been 
shown (Freudenbenj and Rhino, Ber. 57 , 1550) to belong to the same 
stereochemical series as Z-( + )-lactic acid, and is therefore to be desig- 
nated /-alanine, in spite of its dextrorotation. Its formula can be 
written accordingly : 

COOII 

I 

NH.,CH 

“ 1 

CHg. 

Nitrous acid converts /-(+)-alanine into ordinary /-(+)-lactic acid. 
Nitrosyl bromide, on the other hand, converts /-( + )-alanine into 
( — )-bromopropionic acid, which with ammonia yields c/-( )-alanine, 
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and similarly -alanine with nitrosyl bromide followed by ammonia 
yields Z-( + )-alanine (Walden inversion) (Ber. 58, 148). For the rela- 
tionship of alanine to serine and cystine, see Ber. 40, 3717. 

Methyl iodide and sodium hydroxide eonvert /-(4 )-alaiiine into { — )-tri7n ethyl - 


propiobetame, J^eg-CHMo-COO, which is also obtained from ( + )-a-bromo- 
propionic acid and trimethylamine (Bor. 40 , 5000). Triethylpropiohetainc is 
formed by the hydrolysis of the ethiodide of cL-diethylarninopropionitrilcy CHg-CH- 
(NEt 2 )-CN, b.p. 81°/27 mm., which is obtained from aldehyde cyanohydrin and 
diethylamine (Ber. 36, 4188). 

CB CH 

I minodi propionic acidy asym- 

metric carbon atoms, giving rise to two optically inactive forms, m.p. 255” 
(corresponding with mesotartaric acid), and m.p. 235° (corresponding with 
racemic acid). The monamideSy m.pp. 332° and 210", are formed by the prolonged 
interaction of dilute hydrocyanic acid and aldehyde- ammonia at ordinary tem- 
peratures, together with iminodipropionimidcy NH[CH(CH 3 )CO] 2 NH, m.p. 186°, 
alanine, and other substances (Ber. 39 , 3942). 

Higher a-amino- acids are prepared mainly by the general methods from 
a -halogen-fatty acids and from the nitriles of a-hydroxy-acids and ammonia. 

a-Ami no -r?- butyric acid, CH 3 CN 2 CH(NH 2 )(-OOH, m.j). 307° (decomp.), 
is resolved by means of the morphine salt of the benzoyl -derivative, i 8° ; 

ethyl eMeVy b.p. 61°/11 mm. (Ber. 33 , 2387 : 34 , 443) ; nitrile (Ber. 41 , 2062). 
fx-Amiyw-'n?>olndyric acidy (CH3)2C(NH2)C02H, sublimes at 280° without melting, 
and is formed also by oxidation of diacetonamine sulphate ; nitrilcy b.p. 50°/12 
mm., is prepared from acetone and ammonium evanide (Ber. 33 , 1900 : 39 , 
1181 1726). 

a-Amino-valeric acid, CH 3 [CH 2 ] 2 f^H(NH 2 )COOH, is formed also by 
oxidation of benzoyl coniine (Ber. 19 , 500) ; ethyl estery b.p. 68°/8 mm. (Ber. 
35 , 1004). ,, ‘ 

Valine, a-*4 nr/// o-i so ra/rr/r acidy (CH 3 ) 2 CHCH (NH 2 )COOH, decomposes at 
298°. The inactive acid results from a -bromof-w valeric acid and ammonia ; 
ethyl estery b.p. 63°/8 mm. Formyl valincy HCONHCH{C 8 H 7 )COOH, m.p. 
140-145°, is produced by heating valine and formic acid together. Formyl- 
valine can be resolved by means of its brucine salts, and the active valines obtained 
from the active formyl derivatives The dextrorotatory valine, m.p. 315°, 
[a]2f> 6*42°, in aqueous :„/iutioii and + 28-8° in hydrochloric acid, is a 

decomposition product of protein bodies — in the germs of the lupin, horn, casein, 
from protaniines, and from the pancreas of oxen. ( — ) -Valine has a much sweeter 
tas^c than (-f-)-valine (Ber. 39 , 2320). oi-Aminomethylethylacetic acidy (C 2 H 6 )- 
(CH 8 )C(NH 2 )C 00 H, is prepared from methyl ethyl ketone, etc. ; ethyl estery 
b.p. 66°/20 mm. (Ber. 35 , 400 : 39 , 1189). * 

a-Aminocaproic acids, oL-amino-n-caproic acidy CH3[CH2]8CH(NH2)C00H, 
s prepared from a-bromo-n-caproic acid and ammonia. It is resolved into its 
optical components by means of its benzoyl -derivative (Ber. 33 , 2381 : 34 , 3764). 

« 

Leucine, oi-A mino-imeaproic acidy (CH 3 ) 2 CHCH 2 CH(NH 2 )COOH. Optically 
active leucine (from Xcvkos, glistening white, referring to the appearance of 
the scaly crystals) occurs in different animal fluids, in the pancreas, in the 
spleen, in the lymph-glands, and is physiologically very important. It is 
formed by the decay of proteins, or when they are boiled with alkalis and acids. 
It is prepared by heating horn, the dried cervical ligament of oxen, or from casein 
with dilute sulphuric acid. Its purification is best effected by conversion into 
the ester (Ber. 34 , 446 : C. 1908, I. 1633). Leucine is also obtained from 
vegetable proteins such as that of the lupin. Strecker (1848) showed that when 
it was treated with nitrous acid it passed into a hydroxycaproic acid, leticic 
acidy m.p. 73° (p. 418). 

ITie naturally occurring leucine, m.p. 270°, sublimes unaltered when carefully 
heated, but decomposes on rapid rise of temperature into amylamine and COj. 
It forms shining leaflets, which feel greasy to the touch. It is soluble in 48 parts 
of water and 800 parts of hot alcohol. It is optically active, the/ree acid rotating 



POLYPEPTIDES 


445 


the plane of polarization to the lefty whilst its hydrochloride rotates it to the 
right. When heated with alkalis it becomes inactive and is then identical with 
the synthetic product, which can be obtained from i^ovaloraldehyde, ammonium 
cyanide and hydrochloric acid, or from the condensation product of wobutyralde- 
hyde and hippuric acid. 

The active leucines can bo obtained by resolution of dZ-benzoylleucine by 
means of cinchonine, or by resolution of dZ-formylleucino. (4-)-Leucine is 
obtained from inactive leucine by the action of Penicillium glaucuniy its hydro- 
chloride is Isevorotatory (Ber. 24, ()t)9 : 26, oG : 33, 2370). As all naturally 
occurring amino-acids probably belong to the same stereochemical series, the 
natural ( — )-leucine is probably /-Icaicine, and can be represented 


NHoCH 


CHMe,. 

Leycine ethyl estery b.p. 19G°. Acetyl leucincy m.p. lOT' (Bor. 34, 433). 
Lencyl chloride hydrochloride y C 4 H 9 CH[(NH 3 Cl)COCl (Ber. 38, G15). 

‘ C H \ * * 

a-Amino-.scc.-butylacetic acid, iso/eweme, ^jj^^CHCH(NH 2 )COOH, 

contains 2 asymmetric carbon atoms, and therefore gives rise to 4 optically active 
components and 2 racemic forms. Rcfiolutioriy see Z. physiol. Chem. 1931, 195, 
121. A d-YAoleuciney m.p. 280^^ with decomposition, [a]^ = + 9*7 in water, 
-f 36*8 in hydrochloric acid, occurs together with leucine in beet molasses, 
and as a decomposition product of proteins. Synthetically, rac.-'iwleucine is 
produced by reduction of a-oximino-T^obutylacetic acid (p. 4Gr)), and from 
a-bromo-cVfX'.-butylacotic acid and ammonia. d-7A"oLeucino is j3ropared from 
d-valeric aldehyde by the cyanohydrin synthesis (Bor. 40, 2538; 41, 1453). 
Cf.-Amino-ocmmikUi acldy CH3LCH2]4CH(NH2)C02H (Ber. 8, 11G8). 

OL-Arni)io caprylic cuddy CH3[Cli2l6tJH(NH2jC02H (Ann. 176, 344). 

Amino palmitic acidy CH3[CH2]i3CU(Nll2)C02H (Ber. 24, 941). 
c^.Aminostearic acidy CiilCH..,]i,CH(NB 2 yCO.,Uy m.p. 221^ (Ber. 24, 2395). 


Dipeptides and Polypeptides 

As has repeatedly been mentioned, the simple a-amino-acids, such 
as glycocoll, alanine, valine, and leucine, occur together, and also with 
such compheated substances as serine, pi’olme, cystine, asparagine, 
lysine, arginine, histidine, and tyrosine, as products of the hydrolytic 
decomposition of proteins. It is probable that these breakdown 
bodies are united with one another in the proteui molecule through 

their amide groups. . . „ , w n 

This question has been attacked both synthetically and analytically 
(E Fischer: Untersuchuiigen iiber Amuio-sauren, Polypeptide und 
Proteine, Berlin, 1906 : Th. Curtius ; Verkettung von Amino-sauren J. 
pr. Chem. 12] 70, 57). In synthesis, the esters, chlorides, and azides 
of the aminocarboxyhc acids themselves or of the substances which 
go to produce them, have been employed ; and by their means the 
mninoacyl residue has been substituted into the ammo-group of other 
amino-acids, and the process has been successively repeated. The 
aminoacyl aminocarboxyhc acids produced have been named by E. 
Fischer, peptides, because of their comparabihty ^th the natural pep- 
tanes (protein products of digestion). They are classihed accordmg to 
the number of the connected ammo-acids— d*-, tri-, teira-peph^s, etc. 

In recent years it has been questioned, whether the peptide link- 
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age is the only one occurring in the protein molecule, or whether 
closed lieterocyclic rings may not also play a part. This is discussed 
further under the proteins. 

1. Dipeptides and their inner anhydrides, cyclic double amides, 
diketopiperazmes . a-Amino-esters, when heated or even on standing 
in aqueous solution, part with alcohol and form dimoleeular cyclic 
amides, corresponding with the lactides (p. 414) : 


2 NH„CH.,COOC\Hr. = + 2CJH5OH. 

These compounds are derivatives of diethylenediamine or piper- 
azine (]). 387), whence the names diketo-, diaci-, or dioxopiperaziiie : 


8 2 

0<CO-CH,>^ 

5 6 

DiglycoUide. 2 : 5-I)iketopiperazlne. Piperaziuo,. 


When warmed for a short time with hydrochloric or hydrobromic 
acid, or when shaken with dilute alkalis, the diketopipeiazine is split 
up into the dipeptide, which when melted, or when its ester is heated, 
easily changes into the diketopiperazine : 




Diketopiperazine. 


Glyeylglycine 
(the simplest dipeptide). 


Unsymmetrically substituted diketopiperazines, such as leucyl- 
glycine anhydride, can be split into two different dipeptides, from 
which the same anhydride can be re-formed. 

2. Dipeptides and polypeptides are obtained in the following 
manner : {a) Chlorides of the a-halogen-fatty acids react with a- 

ainino-acids to form a-halogenacylamino-acids, which with ammonia 
give dipeptides. These by further treatment with a-halogen acyl 
chlorides and ammonia yield tripeptides, and these tetrapeji tides, 
pentapep tides, and so on : 

NH, 

Cl( ir^CO XUCIl.COOH NHjCHaCO'NHCIIgCOOH > 

Chlo^-oaietylglycine. Glyeylglycine. 


CICHXO NHCH2CO NHCH2COOH > 

(Jhloroaeetylglyeylglycine. 

NH2CH2CONHCH2CONHCH2COOH. 

Dlglycylglycine. 


The esters of the halogenacylamino-acids are easily converted by 
ammonia into dipeptide anhydi'ides, diketopiperazines (see above). 

(h) Again, the halogenacylamino-acids can be converted into their 
chlorides, united with other amino-acids and then be acted on by 
ammonia : 


C^HyCHBrCONHCHaCOCl > 

bron 1 oi Koca proy Igly cyl chi orid e . 

C4HeCHBrCO NHCH2CO NHCH2COOH -V 

Bromot.voeaproylglyeylglyclne. 

C4H9CH(NH2)C0NHCH2C00H. 

Leucylglycylglyeino. 

(c) Finally, the chlorides of the amino -carboxylic acid hydro- 
chlorides can be employed with advantage (p, 436). The azides, also, 
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of the acyl amino-acids such as hippuryl azide, C^Hs-CONHCH^CONa, 
unite with amino-acids, splitting off N 3 H, and easily forming acyl 
denvatiyes of the di- and poljrpcj)tides. 

3 . Higher polypeptides result from heating the methyl esters of 
lower peptides : 

2NH3CH3C0-NHCH3C0-NHCH3C(),CH3 

J)iglycylglycinc ('stor. 

NHjCH^COfNHCHjCOf^NHCHjCOjCHj. 

Peutaglyciylglycine oatcr. 

4. Some di- and polypeptides are produced by tlie partial hydro- 
lysis of various proteins, such as silk fibroin, elastin, gliadin, gelatin 
with cold fuming hydrochloric acid or by enzymic digestion. By the 
use of uniform enzyme preparations under optimal conditions and 
hydrolysis to a definite stage, this fractional enzymic hydrolysis is of 
great value (Waldschmidt-Leitz, Z. physiol. Chem. 156, 68, 99). 

Properties. — The di- and polypeptides are usually soluble in water, 
though some, such as the penta- and hexapeptides from glycine are 
only sparingly so. They are soluble in acids and alkalis, in accord 
with their content of an amino and a carboxyl group. Most peptides 
are insoluble in alcohol. The peptides decompose, with or without 
melting, at about 200 ’, tlu^ dipeptides usually forming diketopiper- 
azines. 

The higher peptides, su(‘h as Ourtius’s “ biuret base ” (Triglycyl- 
glycine ester), give the biuret reaction, which is characteristic of pro- 
teins, when treated with alkali and copper sul]>hate (sec under Proteins). 

T)i- and ])oly})eptides are broken down to their constituent amino- 
acids by the erepsin of pancreatic^ juice and intestinal mucosa (Z. 
physiol. Chem. 151, 31). Hydrochloric acid also hydrolyses them to 
amino -acids. 

Glycylglycine, NH2Cli2CO NHCH2COOH, decoiriposcs 215-220° ; ethyl 
Gster^ m.p. 89°, easily parts with alcohol, yielding glycine anhydride, 2 : 5- 


diketopiperazine, NlICHoCO-NHCHoCO, lu.p. 275°, which is also prepared from 
glycocoll ester in acpjeous solution. By boiling for a short time with strong 
hydrochloric acid or by shaking with N/1 sodium hydroxide, it is easily split up 
into glycylglycine (Ber. 38, 607). 

I I 

Sarcosine anhydride, CH3NCH2CON(CH3)CH2CO, m.p. 150°, b.p. 350°, is 
obtained by heating sarcosine (liev. 17 , 286) : rnolecmlar compounds with 
phenols, Z. angow. Cdiem. 40 , 983. 

GIycyl-d\-alanine, NH26^H2CO'NnCH(CH3)C()OH, m.p. 227° (decomp.), is 
prepared from chloroacetylalanine and ammonia ; utdiydride, m p. 245° with 
decomposition, is formed from chloroacetylalanine ester and ammonia. 

tT/7/c2//-b( + )-o/aa/ar and its anhydride are obtained by the hydrolysis of silk 
fibroiii (Ber. 40 , 3546). l-[-\ )-Alanylglycine, rH3CH(NB.,)Cd-NHCH2COOH, 

m.p. 235° with decomposition, is produced from ^( + )-alanyl chloride hydro- 
chloride and glycocoll ester (Ber. 38, 2914). 

Alanylalaninc, CH3CH(NH2)CO'NHCH(CH3)COOH, m.p. 276° (decomp.), is 
obtained by the decomposition by alkali of its anhydride, didactyl di-amide, 

lactimidc, dimethyldikotopiperazine, m.p. 275°. The 

anhydride is best obtained from alanine ester at 1 80°. It is reduced by sodium 
and alcohol to 2 : 5-dimothylpiperazino (Ber. 38, 2376 : C. 1902. I. 631). d-{ — )- 

Alanyl I -alanine is produced from Z-bromopropionyl M + )-alanine and 
ammonia, [a]'^® — 68-5° ; its ester on parting with alcohol is converted into 

the optically inactive meso -anhydride (see p. 41). 
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oc,-Amitwbutyryl oL-aminobutyric acid, NHaCH(C 8 H 7 )CO-NHCH(C 8 H 7 )COOH, 
2 stereoisomeric forms, in.p. 273° (decomp.), and m.p. 257° (decornp.) is prepared 
from brornobutyrylaminobutyric acid; anhydride, m.p. 257° (Ann. 340, 187). 

Jjcucylleucinc, NH 2 CH(C 4 H 8 )CONHCH (0^118)00011, m.p. 270° with decom- 
position, is formed from bromoi^focaproyl leucine and ammonia ; anhydride leu- 
einimide, m.p. 271°, is prepared from leucine ester (Ber. 37, 2491). 

Diglycylglycine, NHaOHaOONHOHaOONHOHgCOOH, m.p. 240° (de- 
comp.), is prepared from chloroacotylglycylglycine and ammonia ; methyl ester, 
m.p. 111°, when heated passes into 'pentaylyeylglycine ester, slightly soluble in 
\\atcr (Ber. 39, 472). 

Triglycylglycine is prepared from cliloroacetyldiglycylglycine ; ester, 
NllgOHaOO NHOHaOO-NHOHaOO-NHOHaOOOOjHg, the “ biuret base,^’ is 
formed together with a httle glycine anhydride, when glycocoll is left to stand in 
solution in absolute ether. Benzoyl triglycyl glycine, m.p. 217°, is formed also 
from hippuryl glycine azide and glycyl glycine (Ber. 37, 1284, 2486). 

Leucylpentaglycylglycine, C 4 H 8 CH(NH 2 )CO[NHCH 2 CO] 6 NHCH 2 COOH, is 
prepared from brornoi^ocaproylpentaglycylglycine and ammonia (Ber. 39, 461). 

The most complex polypeptide synthesized is \4eucyltriglycyl-\-leucyltrigiyeyl 
\-leucyltriglyeyl-\dc((cylpe}Ltaglycylglyeine (Ber. 49, 561). 

(j- Amino-acids 

In addition to the methods 1 to 4 on p. 434, j3-arnino acids are advantageously 
prepai'ed by the addition of hydroxylarnine to ajS- unsaturated acids. The prob- 
able intermediate product, a hydroxy lammo -acid is reduced to the amino-acid 
by excess of hycli’oxylainine (Ann. 389, 1). )3-Imino acids can also be reduced 
catalytically to )3-amino acids. 

Of this group of substances little is known. They form neither cyclic double 
amides, as do the a-amino-acids, nor cyclic simple amides or lactams like the 
higher amino -acids, except betaines. 

Amino propionic acid, ^-alanine, CH 2 (NH 2 )CH 2 -COOH, m.p. 196° with 
decomposition into ammonia and acrylic acid, it is isomeric with alanine 
(p. 443), and is prepared from /^-iodopropionic acid and ammonia, from j3-nitro- 
propionic acid, from i6oserine (a-hydi’oxy-)3-aminopropionic acid) by reductioji 
with hydriodic acid and pliosphorus (Bor. 35, 3796) ; but most conveniently from 
succinimide, by the Hofmann inversion (p. 191) by moans of bromine and alkali 
(Ber. 26, K. 96 : C. 1905, I. 155 : 1906, I. 818) ; methyl ester, b.p. 58°/15 mm. ; 
amide, m.p. 4U . 

^-Aminopropioiiic acid forms with histidine the dipeptide carnosine, which 
occurs in muscle extract. 

NH C- -L;H,-CH(C00H)NHU0-CH2-CH2-NH2 

I 11 

CH=N — CH 
Carnosine. 

^-Dimethylamhio propionic methyl ester, (CH 8 ) 2 NCH 2 CH 2 COOCH 8 , b.p. 154°, 
is prepared from j^l-iodopropionic ester and dime thy lamine. Heat partially 


transforms it into its isomer ^-trimethylpropiobetaine, (CH 3 ) 3 NCH 2 CH 2 COO, 
which in its turn imdergoes transformation on melting into trimothylamine 
acrylate, CHj : CHCOONH(CH 3)3 (Ber. 35, 584). 

^-Arninobutyric acid, CH 8 CH(NH 2 )CH 2 COaH, m.p. 156° (approx.), is prepared 
by heating crotonic acid with ammonia. It is a very hygroscopic crystalline 
mass (J. pr. Chem. [2] 70, 204). p-Aminoisovaleric acid, (CH 8 ) 2 C(NH 2 )CH 2 - 
COOH, is produced by the reduction of the corresponding nitro-acid (p. 434). 

y-, d-y e-y and Q-Aminocarboxylic Acids 

The most important characteristic of the y- and (5-amino-carboxyhc 
acids as well as of some of the higher acids is that when heated they 
part with water and yield cychc, simple acid amides or lactams (p. 450). 

(1) Piperidine derivatives, when oxidized, have yielded some of these acids 
{Schotten), (2) Potassium phthalimide affords a general synthetic method : 
ethylene bromide or trimethylene bromide, acted on by it, yields a>-bromoethyl 
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plithalimido and cu-bromopropyl phthalimido [Gabriel), Those compounds react 
with the sodium derivatives of malonic; or alkylmalonic esters, or cyanoacetic 
esters to form phthalirnido -acids which are decomposed on heating with hydro- 
chloric acid, into phthali(; acid, y-, or 8 -arnino-carboxylic hydrochloride, carbon 
dioxide and alcohol (]3er. 24, 2450) : 


^ oj-Bromoetljyl phtlmlimidt'. 

+ NH,[CH,J3C0,H 

y-Aiiimobutyric acid. 


C,H, [ t‘j^°>NCHjCH,CHi,Br 
V w-Bromopro{)yl phthalimide. 


I 




5-Aiiiinoviileri(.‘ acid. 


Similarly, e-bromo-amyl phthalimide can bo made to yield e-phthalimido- 
ainyl malonic ester, and this converted into ^-aTiiinoheptylic acid (Ber. 35, 1307). 
Or, benzoyl amino -amyl iodide may easily bo made to react with potassium 
cyanide or sodium malonic ester, the product from which is hydrolysed. 

(3) A general method for the preparation of 8 -, e-, and ^-amino-acids and their 
lactams, is the transformation of the oximes of cyclic ketones, such as cyclo- 
pentanone, c^/cZohoxanone or c,V(Voheptanone (Vol. II). These are converted by 
concentrated sulphuric acid into lactams (cf. Bechnuinn's transformation^ p. 268) 
which can be decomposed into their respective amino-acids ( Wallach, Ann. 
312, 171), e.g. : 


CHo-CHov CHa-CHyNH 

I “ >C : NOH ^ I I 

CHyCHs/ CHa-CHg-tX) 

cycioFentauone oxime. o-Aiiiinovalcric ucid Jactam. 

Mechanism of these transformations and the Beckmann inversion generally, 
see Ann. 346, 27. 

y- Aminobutyric acid, piperidic acid^ m.p. 183— 184^^. It is formed (1) when 
piperidyl urothane, is oxidized with nitric acid 

(Ber. 16, 644); (2) by moans of "potassium phthalimide; (r/) by the double 

decomposition of bromoethylphthalimide with sodimn malonic ester (se (3 above), 
or ( 6 ) from a»-bromopropylphthalitnide and potassium cyanide, and decomposing 
the phthalyl y-aminobiityric nitrile (Ber. 23, 1 772). The acid is most conveniently 
obtained from its lactam (p. 450) by means of barium hydroxide solution (Bei-. 33, 
2230). y-Dinicthyla/ninobntyric nicthyJ esfrr, (CH 3 ) 2 N[CH 2 J 3 COOC H;j, b.p. 
172‘", is prepared from y-chlorobutyrii* ester and dimothylamine. On heating 
it is deiiornposed into butyrolactone and t rimethylamino. iho isomoiic y-tri- 


meihylbulyrohetainc, (CH,) 3 N[CH,],C() 0 , which “’^^iiiod by exhuustivo 
rnethylation o£ butyrolactani in alkaline solution (Bor. 35, 01/) undoigocs the 

““’y-AminovaleX' acid, CH 3 CH(NH.JCH 3 CH 3 C 03 H, m.p. 1!»3\ results from 
the decomposition of laivulinic acid phonylhydmzouo liy sodium amalgam (Bei. 
27, 2:113). Both y-amino-aoids, when heated, P“®« pr „ ,r,go 

8 -Amlno-«-valeric acid, iMinopipendic acid, m.p. loo , 

is produced by the putrescence of fibrin, flesh, and gelatm (Ber. 31, 776). 

^The benzoyl derivative of this acid and also sidphonyl bts-b-amtnovaler 
S 02 [NH(CH 2 )rC 02 H] 2 , m.p. 163^ are formed \ 

dine, C 5 HioN-COCeH 5 , and of sulphopipendine by ’ 

acid is prepared from phthalirnido -propylmalomc ester (Bei. 23, 1769). 

S-Trimethylvalerobctaiae, tnd the 

from y-bromo"propylmalonu. >nto 

b.p. 180- 

8 -u/muu 

By pTi/zuf )co,H, m.p. 108°; B-ami>M-(x . thylvalenc 

S“NHiH 3 cll 3 citcH(cX.)CO,H, m.p. 200 - 200 - 5 °; B-AnUno^-^opyl- 
VOL. I. 
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valeric arid, NH 2 CH 2 CH 2 CH 2 CH(C 3 H 7 )COjH, in.p. 186^" (Ber. 24, 2444). A 
jS- or y-methyl S -amino -?? -valeric acid, m.p. 134^’, with decomposit ion, is prepared 
from its lactam (Ann. 312, 185). 

5-Amino-/j-octoic acid, homoconihiic acid, C 3 H 7 CH(NH 2)[CH2];iC02H, 
m.p. 158 ’. The benzoyl compound is obtained by oxidation of benzoylconiine 
with KMn 04 (Ber. 19, 504). 

e-Aminocaproic acid, c-leucine, NH2[CH2]5C02H, m.p. 204°, is obtained 
from phthalirnidobutylmalonic ester, from c-benzoylaminocapronitrile, 
C0NH[CJH2]5CN (Ber. 40, 1839), or from its lactam, obtained from c^/c/ohexanone 
oxime, by boiling with hydrochloric acid. t-Aminocaproic acid is oxidized by 
permanganate to adipic acid ; nitrous acid produces two isomeric hexenoic ackls 
instead of the expected c-hydroxycaproic acid (p. 429) (Ann. 343, 44). 

^-Amino-n-heptoic acid, NH 2 [CH. 2 ]gCOOH, m.p. 187° (decomp.), is also 
prepared from its lactam, subcrone oxime (q.v.) ; also from the phthalimidoamyl- 
malonic ester, or benzoylaminoamylmalonic ester (Ber. 40, 1840). On heating, 
it does not yield a simple lactam (Bor. 35, 1309). Permanganate oxidizes it to 
pimelie acid (Ber. 343, 44). 

i-Aminocapric acid, NHgLCH gleCOOH, m.p. 188°, is ])re])ared from azelaic 
monoamido-aeid, NH 2 CO[Clrlo) 9 COOH, and alkali hypobromite ; benzoyl deriva- 
tive, m.p. 97 . These ])roducts are not ident ical with those obtained from laaizoyl 
decamethylene inline by oxidation (C. 1900, II. 1120). 


Lactams {Cyclic amides of the y-, 6 -, e-, and i^-anrino acids) 


These cyclic amides are formed when the y-, d-, and £:-amino- 
acids are heated to their point of fusion, when they tlien lose water, 
and undergo an intramolecular condensation. Some of them have 
been obtained by the reduction of the anil chlorides of dibasic acids 
— e.g. succinimide and dichioromalein anil chloride. The names 
y~lactams and d-lacianis recall the lactones. Just as the lactones, 
under the influence of the alkali hydroxides, yield hydroxy-acid salts, 
so the lactams, when digested with alkalis or acids, pass into salts 
oi the amino-acids, from which they can be formed on the application 
oi heat. 

Yuither, the Yactams beat the same lelation to the iminea of the 
aYk-yYenediaminea as t\\e lactones to the oxides oi the glycols (^p. 
These relations are apparent in the following arrangement : 


CH2CH2OH 


CH2CH2NH2 


CH2CH2OH 


TetrainethyJeue 
glycol. ‘ 


CH2CH2NH2 

Tctramethylciie 

diamine. 


CH2CH2\ 

I >0 

Tetraniethylene oxide. 
'J’etrahydrofurfuran. 


CH 2 CH 2 X 

1 >NH 

CH 2 CH 2 / 
Tetramethylenc imine. 
Tetrahydropyrrol. 


CHgCO \ 

I >0 

y-Butyrolactone. 


I >NH 

CH 2 CH 2 / 
■y-But3rrolaotani. 
y-Byrrolidone. 


The amino-acids are not poisonous, but the y- and ^-lactams are 
violent, strychnine-like poisons, affecting the spinal cord and pro- 
ducing convulsions. These bodies will be met with again among the 
pjTTole and pyridine derivatives, as tetrahydropyrrole and piperidine 
compounds (Vol. III). 

CB 2 CO \ 

y-Lactams : y-Butyrolacta7n,2~pyrrolidone, 1 \NH,m.p. 25°,b.p. 245°, 

CH 2 CH 2 / 
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unites with water to form a crystalline C4H7ON + HgO, m.p. 35^ It is 

best prepared from succinimide by electrolytic reduction (Ber. 33, 2224). xV-iso- 
Propyl-2-pyrrolido7i(\, C^HgON-CgH,, b.p. 222'', is similarly prepared from iao- 
propylsuccinimide, and N -phenylbutyrolackim, C^HgON-CfiHs, from succirianil. 
It can also bo produced by reduction of dichlorornalein anil dichloride (Ann. 295, 
27). Pyrrolidone possesses feebly basic and acid properties. Its sodimn salt 
reacts with iodomethano, producing N-ynethylpyrrolidonc, C4HgC)-NCH3, an oil. 
When boiled with P2S5 in xylol, pyrrolidone is converted into thiopyrrolidone^ 
C4H7SN, the potassium salt of which, with iodornetharie, gives thiopyrrolidone 
ip-methyl ether, b.p. 170° (Ber. 40, 2831, 2848): 

CH2— NH X CH2— NH \ CH 2 Nx 

I >CO > I \cs I \CSCH3. 

CH,— CH,/ CHo— CH./ CH,— CHjj/ 


Pyrrolidone. 


CH2— CH./ 

Thiopyrrolidone. 


i//-Methyl ether. 


Phe (/(-methyl ether, on reduction, breaks up into methyl mercaptan and 
pyrrolidine (p. 386). 

CH 2 — CH(CH3)x 

y-Valerolactam, ry-rncthyl -2 -pyrrolidone, | /NH, m.p. 37°, can be 

CH2 CO/ 

distilled wdthout decomposition. By reduction with sodium and amyl alcohol 
it is changed into 2-methylpyrrolidine (p. 386) (Ber. 23 , 1860, 2364, 3338 : 23 , 
708). 


CH2— CH2\ 

3 : Dimethyl pyrrolidone, ccoc-dimcthylbutyrolactam, | NXH, m.p. 66°, 

C(CH3)2C0/ 

b.p. 237° (C. 1899, I. 874). 


8-Lactams ; h-v<ilerolactain,cc-piperidone, 

m.p. 39 -40°, b.p. 2/56°, is obtained, amongst other uicthods, by the isomerization 
of c2/c/opentanone oxime (Ami. 312 , 179). 

ol-M eth yl-h-valerolackim, 3-7nethyl-2-piperidonc, m.p. 55°, is isomeric with the 
or y-inethyl piperidoiu', m.p. 87 , obtaiueii from /3-inethylc;?yc/oj)entanone 
oxime (Ann. 312 , 186). 

OL- Ethyl -h-iKilerolactufn, 2 -ethyl piper ido)ie, m.i^. 68°, b.p. 141°/42 mm. (Ber. 
23 , 3694). 

OL-Propyl-h-valerolactam, 2-propylpipcridone, m.p. 59°, b.p. 274°. 
h-n-Oetanolactain, homocoiiiinic acid laeUim, ^-propyl-2-pipcridone , m.p. 84°. 
CH2CH2C0\ 

€- Caprolactam, \ /NH, m.p. 69°, is obtained by the trans- 

CH2CH2CH2/ 

formation of eyeZehexanone oxime (Ann. 312 , 187) ; and from e-aminocaproic 
acid (p. 449). It acts, physiologically, as a nerve poison. jS-Methylc^/c/ohoxa- 
none oxime and also oximes of the terpene ketones, menthone and tetrahydro- 
carvone can be converted into two 7ncthyl-€-eaprolactams, m.pp. 44° and 106° 
(structure, Ann. 346 , 253), and two isomeric rncthyliHopropyl-e-coprolactams, 
fnenthone i&ooxime, m.p. 120°, and telrahydrocarvone imoxime, m.p. 104° (Ann. 
312 , 197, 203). 

CH2CH2CH2NH 

^-Heptolactam, | | , m.p. 25°, b.p. 150°/8 mrn., is prepared 

CH2CH2-CH2CO 

from sulierono oxime. It can be broken down into ^-aminolieptoic acid (p. 450) 
which on warming with nitrous acid is converted into e^-lieptenoic acid (Ann. 
312 , 205). 

11. Nitramino- fatty acids. Nitraminoacetic acid, C02HCH2'NHN02, m.p. 
103°, is prepared by hydrolysing its ethyl ester (m.p. 24"), which results on treat- 
ing nitrourethane acetic ester, C2H502C-N(N02)-CH2C02C^2fl5» with ammonia 
(Ber. 29 , 1682). 

12. f^oNitramino- fatty acids are obtained in the foiin of their sodium 
salts when sodium iA^onitramino acetoacetic esters and sodium f^onitrarnino 
inono-alkylacetoacetic esters, or the explosive dinitroso -compounds of the 
hydrazo-fatty acids, such as hydrazof^o butyric acid (p. 452), are acted on by 
the alkalis (Ber. 29 , 667 : Ann. 300 , 64). They are convei tod into hydroxyl- 
amino-fatty acids by dilute mineral acids (p. 434). Acid reducing agents change 
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them to amino -fatty acids, whilst alkaline reducing agents produce diazo -acids 
(p. 458) and hydrazino -acids (see below). 

isoN itra7nhwacciic aci^y C02HCH2 N<^q^, is a syrupy liquici. lAoNitra- 

mi} loi'^obu lyric acidy C02HC(CH3)a‘N(N0)0H, m.p. 94^. Their lead salts dissolve 
with ditliculty (Ann. 300, 59). 

13 (a). Hydrazino -fatty acids arc obtained, together with the diazo-acids, 
when the /^onitramino -fatty acids are acted on with alkaline reducing agents. 
Their carbamide derivatives are obtained in the form of nitriles when hydro- 
cyanic acid becomes added to the ketone semicarbazones. 

Hydraziiwacetic acidy NHgNH-CHgCOOH, m.p. 152°, with decomposition 
(Ber. 31, 164). (See also Amidohydantoic ester and Carbamidohydrazo -acetic 
ester. ) 

Oi-Hydrazinopropio?nc acidy NH2NH-CH(CH3)C02H, m.p. 180°, is formed 
from a-wonitraminopropionic acid (Bor. 29 , 670), and from the addition product 
of hydrocyanic acid and acetaldehyde semicarbazono (Ann. 303, 79). 

OL-Hydrazinoiaolmtyric acidy NH2NH-C(CH3)2C02H, m.p. 237° (decomp.). It 
is formed when steam acts on its benzal derivative. The latter is made by acting 
on acetone semicarbazono, NHjCONHN — C(CH3)2, with hydrocyanic acid, when 
carbamide -hydrazino -wobutyronitrile is produced. This is then decomposed 
with hydrochloric acid, and benzaldehydo is added (Ann. 290, 15). 

13 (6). Hydrazo-fatty acids. — When a hydrazino-fatty acid is treated 
with acetone and potassimn cyanide, a hydrazo -nitrile acid results : thus, 
from a-hydrazino-?‘6*obutyric acid w'e get hydrazo -iaohutyric acid ffemdnitrile, 

m.p. 100°. When hydrazine sulphate (1 mol.), 
acetone (2 mols.), and potassium cyanide (2 mols.) react, the product is hydrazo- 
laobutyronitrile y m.p. 92°. Hydrochloric acid con- 

verts both nitriles into hydrazo -hiohutyric acidy 
m.p. 223 . 

Its dinitroso -compound is decomposed by alkalis into iA'cnitraminoisobutyric 
acid (see above), a-hydroxy-t«obutyric acid and nitrogen (Ann. 300 , 59). 

14. Azo - fatty acids. — Bromine water oxidizes hydrazo - esters and 
hydrazonit riles to the corresponding azo-bodies. Azo-iaohutyrotdtrilty 

N m.p. 105°, when heated alone, or, better, with hot 

water, passes into tctrarnef I succinic nitrile (Ann. 290 , 1). 

B. ITNSATURATED HYDROXY- ACIDS, HYDROXY-OLEFINE 
CARBOXYLIC ACIDS 

a-Hydroxy-olefine carboxylic acids are obtained by the action of cold 
hydrochloric acid on the nitriles, the addition products of hydrocyanic acid and 
olefiiie-aldehydes. 

V mylgly collie acidy CHg : CHCH(OH)COOH, m.p. 33°, b.p. 129°, is prepared 
from its iiitrilCy acrolein cyamjhydriUy b.p. 94°/17mm.,or the amidcy m.p. 86°, b.p. 
155— 158'/21 mrn. When heated with acids it is partly converted into the 
a-keto-acid — propionylforraic acid, CH3CH2CO*COOH. This also results, to- 
gether with various condensation products, when vinyl glycollic acid is acted on 
by alkalis (Kec. trav. chim. 21 , 209). 

P rope nylgly collie acidy cc-hydroxy-A^-pentenoic acid, CH3CH : CHCH(OH)- 
COOH, is obtained from crotonaldehyde cyanohydrin. Boiling dilute acids (;on- 
vert it directly into a y-keto-acid — laevulinic acid (Ber. 29 , 2582) : 

CH3CH : CH CH(OH)COOH ^ CH8CO CH2CH2COOH. 

OL- Ethoxy -acrylic acid, CHg : C(0C2H6)*C02H, m.p. 62°, is obtained by hydro- 
lysis of its ethyl ester, b.p. 180° {cf. Acetal of Pyroracemic Ester, p. 464) (Ber. 
31, 1020). 

)3- Hydroxy -olefine carboxylic acids are obtained by condensation of olefine 
aldehydes with a -halogen -fatty esters by means of zinc {cf. mode of formation 
12a, p. 411). When an available hydrogen atom is present in the a-position, 
these acids readily lose water, as when, for instance, they are boiled with sodium 
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hydroxide, forming di-olofino carboxylic acids (Ber. 35, 3633, C. 1903, II. 555 : 
1906, 11. 318) : 

BrCHjCOaR 

CH3CH : CH CHO y CH3CH : CH*CH(0H)CH2C02R 

Zn /3-Hydroxy-hydrosorbic acid. 

CH3CH : CH CH : CHOO2H. 

Sorbic acid, 

P-Hydroxy-hydrosorbic acid is an oil, slightly soluble in water ; ethyl esteVy 
b.p. 100°/2 mm. ix-Methyl hydroxy -hydrosorbic ester y b.p. 111°/15 mm. cc- Ethyl- 
P-hydroxy sorbic ester y b.p. 111°/15 mm. a-Ethyl-p-hydroxy-hydrosorbic ester y 
CHgCH : CHCH(0H)C(CH3)2C02R, b.p. 119^/17 mm., is stable. 

p-Hydroxy-OLOL-dimethyl-A'^-pentenoic acid, rinylhydroxypivalic acidy CHg 
CH-CH(0H)C(0H3)2C02H, b.p. 159‘^/23 mm.; ethyl esteXy b.p. 106°/19 mm., is 
prepared from acrolein, bromoiArobutyric ester and zinc. In benzene solution, 
PgOg causes the splitting off of water, and simultaneously the addition of benzene, 
forming the compound CfiH5-CH2CH : CHC(CH3)2C02Ri 

P -Hydroxy -acrylic acidy CH(OH) : CHCO,!!, and p-HydroxycroUmic acidy 
CH3C(0H) : CH'CCh^II. Those acids and their homologues are the aci- or enol- 
forms (p. 456) of the ^-aldo- and j3-keto-carboxylic acids, such as forrnylacetic 
ester and acotoacetic ester : 

enol-iovm CH(OH) : CH3C(OH) : 

Jccto-ioTTn CHO-CHgCOAH 3 ‘ CH3C0-CH2C02C2H5. 

Formyl acetic ester. Acetoacctlc ester. 

In the free state formyl a(-etic ester exists as /S-hydroxy-acrylic ester {oud- 
modification), whilst acotoacetic ester is more stable in the /ccto-form. Since 
the aci- or enol-form is usually looked on as being a subsidiary form, and the 
aldo- or keto-form, the fundamental modification, those derivatives, such as 
jS-alkoxy- and /3-acyloxy-olefirie carboxylic acids, which are undoubtedly of the 
enol-form, will be describiid with the latter. 

y- and 8-Hydroxy-olefine carboxylic acids are known in the form of their 
lactones, of which some are obtained by distillstion of the y-koto acids, and others 
from ^y-dibroino- or dichloro-fatty acids with the loss of 2 molecules of lialogen 
acid. These and J^-lactones are changed back into y-keto- or aldehyde acids 
by hydrolysis. 

I I 

-Butene lactoncy crotolactoncy CH ; CH-CHgCOO, m.p. 4°, b.p. 96^/15 mm., 
is formed from /3y-dichloro butyric acid when heated alone or with potassium car- 
bonate (C. 1905, II. 45 : Ber. 35, 942). 

y-Ethoxycrotonic acidy CgHgOCHgCH : CHCOOH, m.p. 45^ b.p. 148726 mm., 
is obtained from y-ethoxy-^-hydroxybutyronitrile, the addition product of hydro - 

I ^1 

cyanic acid to epiothylin, CgH^OCHgCH-CHgO (C. 1905, I. 1138). 

A^-Angclk lactcwc, CHgC-CHCHgCOO, m.p. 18°, b.p. 167°, and A^-angc/ic 

lactonCy ClIgCH-CH : CHCOO, b.p. 83°/25 rnrn., are prepared from hnevulinic acid 
and acetyl Isevulinic acid. The d^-lactone can be formed from the J“-lactono by 
various methods ; the change is, however, reversible. The J^-lactone, in contra- 
distinction to the J“-lactone, can be condensed with aldehydes at the a-CH2 
group (Ann. 319, 180). 

Mesitonic acid (aa-dirnethyl IsevTiUnic acid, p. 479) giv^es rise to cc-dimethyl 
A^-angcUc lactonCy m.p. 24°, b.p. 167°. The isomeric OLOip-tritnethyl-A^-buteno^ 
lactone is prepared from the corresponding dibromo-acid. im-OctcywlactonCy 

(CH3)2CHCH2CH-CH : CH-COO, is obtained from iso-ocienoic acid dibromide (C. 
1905, II. 457 ; Ann. 347, 132). 

y - Methyl - and y - cthijl - ajS - dichloro - and - cep - dibromo - butene lactone 

R-CH-CX : CXCOO, b.p. 120°/22 mm., b.p. 110°/4 mm. ; m.p. 69° ; m.p. 51°, 
are prepared from mucochloric acid and mucobromic acid (p. 457) by means of 
magnesium alkyl halides (Ber. 38, 3981). 
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Parasorbic acid, or sorbin oil, CHgCHgCHCH : CHCOO, or CHg- 

I I 

CHCHgCH : CHCOO, b.p. 22P, occurs, together with malic acid, in ilie juice of 
ripe and unripe mountain ash berries {Sorbus ancHparin). It is optically active : 
[a + 40-8, and is a strong emetic. It passes into sorbic acid (p. 353) when 
iicated with sodium hydroxide or hydrochloric acid (Ber. 27, 344). 

Di -olefine 8-lactones have been obtained from coiioialinic acid and imdckjj- 
dravctic acid by the splitting-off of carbon dioxide : 

I - -- I 

('oamal f}}, CH = CH — OH— CH-COO, m.p. 5^, b.p. 120°/30 mm., has an 
(uhnir like that of coumarin (Ann. 264, 293). 

I ^ I 

MfSitcuc lactone, ^8-Dimethi/lcounialin, CH.jC- CH — ^C(CH3) — CH*CO(), in.p. 
51 -5 , b.p. 245". When heated with ammonia it changes to the corresponding 
lactam, so-called pseudo-/a/a/o.‘fh/r/7, tnesitoic lactatn (btdow). 

I I 

Diallylbntyrolactonc, (CH., : CHCHslCCH^CHgCOO, b.p. 2(>7 is pre]aued 
from succinic ('ster, allyl iodide, and ziru* {cf. the gcMUM-al method of formation 
of /cr/.-a-hvdroxv-acid esters from oxalic ester, alkyl halides, and zinc, p. 411) 
(J. pr. Chem. [2] 71, 249). 

Ambrettolic acid, A'^-o-hydroxyhcxadGcenoic acid, HO[CH,],- 

CH : CH-fCHol^-COOH, m.p. c. 25 occurs in musk-kernel oil. Its lactone, 
ambrcttolidc, is one of the odoriferous principles of vegetable musk (Ber. 60, 902). 

Ricinoleic acid, CH3 [CH.,]5-OH(OH)-CH2 CH:(^H [CHgL COOH, has already 
been dealt with (j). 354). 


Xitro- and Amino-olcfine Carboxylic Acids 

y.’Xitro-dim<tJn/I(i('rylic acid, (Cllal^C : (’(N()2)C()OH. Its (\slcr, b.p. 121 y 24 
mm., is prepared by nitrating dimethylaorylic ester (p. 346) with fuming nitric 
acid. Alcoholic I'otassium hydroxide converts it into the potassium salt of an 
CH'' 

isojvrric intro-acid ester, 02)0001^2^^6 * ammonia decomposes it 

into acetone and nitro-acetic ester (p. 433) ; reduction with aluminium amalgam 
produces : 

cc-Arninodifncthylacrylic ester, (CH3)2C : C(Nll2)COOC2H5, b.j). 94 /18 mm., 
is c'on\ ertefl by hydrochloric acid into dimethyl pyroracomic acid (p. 464). 

^-Amino-acids and ^-Hydrazino Olefine Carboxylic Acids. 

This group contains the roMution-products of ammonia and the hydrazines on 
/5-ketone-acjd esters such as acetoacetic esters and alkyl acetoacetic esters, such 
u.s ft-a aiituir-uWtiic estxr, CH3C(NH2) : CH-C02C2H5, and methyl jjyrazolonc, 
yn XH 

1 . The.se behave desmotropically, and because of their close 

CH3C : CH • CO 

connection to the /3-ketono-aci<l esters will be considered with them (p. 466). 
d- Diolefine Lactams. OL-Pyridonc, b-anilaopcntadioioic acid lactam, 
xCH-COx 

\CH -CH/ 

monia and coumalic acid after the elimination of carbon dioxide (Ber. 18 , 317). 

^CH-~COx 

It can be converted into the odourless ethylirnide, CH.C 

AJH-C(0-C2H,). 

b.p. 258^, and cL-f tlmxy pyridine, CHC /N, b.p. 156°, which 

\CH -CH/ 

possesses an odour like that of pyridine (Ber. 24, 3144) (see Vol. III). 
pBexido-Iyutidostyril, 3 : 5- l)imethyl-2-])yridotie, incsitene lactam, 

jjn cOx 

CH^—CC >NH, 

XCH-qCHg)/ 

m.p. 180°, b.p. 305°, is formed when ammonia acts on mesitene lactone, and 
from the two monocarboxylic acids of this lactam by the elimination of CO, 
(Ann. 259 , 168). 


XH, m.p. 106', is obtairied from the reaction-product of am- 



ALDEHYDE- AND KETO -ACIDS 

8. ALDEHYDE-ACIDS, CHO C„H2„ COOH 

These compounds show simultaneously the reactions of an alde- 
hyde and a carboxylic acid. Formic acid, the first member of the 
saturated fatty acid scries, also shows aldehydic properties, to which 
attention was drawn when the acid was previously discussed. The 
best known of the aldehyde acids is glyoxylic acid, CHO-COOH. 

Glyoxylic acid, ghjoxalic acid [ethanal acid] (HOlj-CH-COgH or 
HCO-COaH + HoO, was found by Debus (1856) among the products 
resulting from the oxidation of alcohol with nitric acid. It occurs 
in unripe gooseberries and other fruit, from which it disappears on 
the fruit ripening. Its formation and reactions are of significance in 
plant physiology (Ber. 25, 800 : 35, 2446 : 40, 4943). Just as chloral 
hydrate is to be considered as trichloroethyUdene glycol, CCl 3 CH(OH) 2 , 
so crystallized glyoxylic a(ad can be regarded as the glycol correspond- 
ing with the aldehydo-acid, CHO-COoH. The salts are derived from 
the dihydroxyl formula of glyoxylic acid ; hence it may be designated 
dihydroxy-acetic ai:id. Like chloral hydrate, glyoxylic acid in many 
reactions behaves like a true aldehyde (Ber. 25, 3425). The esters of 
glyoxylic acid are derived from the aldehyde formula. 

Formation. — (1) Glyoxylic acid, accompanied by glyoxal (p. 398) 
and glycollic acid (p. 414), is one of the oxidation products of alcohol, 
aldehyde and glycol. 

(2) It is produced from the dihalogen acetic acids by heating to 
230 ’ with water (Her. 25, 714), by heating the silver salts with water 
(Ber. 14 , 578), or better, by the action of potassium acetate on 
dichloroacetic acid, whereby the diacetyl compound, (CH 3 -C 0 - 0 ) 2 CH-- 
COOH, is formed and yields glyoxylic acid on heating with water 
(Ann. 311 , 129). 

(3) From hydrazi-acetic acid (see p. 460). 

(4) By reduction of oxalic acid and its ester (c/. also Glycollic 
acid, p. 415). 

(a) Electrolytic reduction of oxalic acid in sulphuric acid and 
with mercury cathode gives an 87 of glyoxylic acid (Ber. 
37 , 3187) : 

COOH COOH + Ha - COOH CH(OH),. 

(b) A similar reduction of oxalic esters produces glyoxylic esters 
(Ber. 37 , 3591). 

(c) Reduction of oxalic esters with sodium amalgam in alcohol 
produces the alcoholatcs of glyoxylic esters, together with keto- 
malonic esters, desoxalic esters, and racemic esters (Ber. 40 , 4942). 
Properties. — It is a thick liquid, readily soluble in water, and 

465 
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reaction, yields hydroocy-dinuthylamhioacctdimethylaynidv, (Cfcl3)2NCH(OH)CON- 
(CHg)^. b.p. 807i2 mm. (Ber/ 35, i;i78). 

Diazoacetic acid, NgCH-OOOH, is unstable in tlie free state, bul. its ethyl 
ester is the most important of the aliphatic diazo-compounds. Though they 
show some similarities to the aromatic diazo-compounds, they must also be 
compared with the ketens, carb^damines, azides, etc. 

Two fonnula? have been considered for the aliphatic diazo-compounds. 

Curtius, the discoverer, suggested the formula |1 /CH-COOEt for diazoacetic 

N/ 

ester. More recently an open chain formulahas been suggested, dueto Angeli-Thiole, 
X ; N : CH-COOEt . Staudinger has brought forward support for the open chain 
diuzenc formula (Helv. Chim. Acta. 5, 87) and the optical proper! u's also furnish 
support {Lardy, J. Chim. phys. 21, 281) (rf. Diazt)-compounds. p. 2r>l). 

(1) dlie esters of tlie diazo-acids result when potassium nitrites acts on the 
liydrocht Tides of the amino-fatty acid esters (p. 4.‘19) {Curtius, Bt'r. 29, 759) : 

HC1-(HoX)CH.,CO.,C.,H 3 + KXOo - N2 : CHCO^Cyi^ + KCl f 2H,0. 

GJyc'ocoll e8t«T Diazoacetic ester, 

hydrochloridi'. 

The higher arnino-esters, containing an asymmetric carbon atom, yield by 
this method optically* active diazo derivatives. 

The di- and poly-peptide ester hydrochlorides, wliich c'ontain tla^ 
group, behave with alkali nit rites in the same way as glycocoll est ei* hydrochloride : 
Ihghly crystalline diazo-esters are fornuHl, such as diazoacvtyUjlycluv ester, NgCH-- 
COXlICOoCoH m.p. 187 , as yellow crystals. 'The homologous a-amino-acids, 
such as alanint', leucine, also yitdd diazo-esters, if somewhat k'ss readily ; but 

and y-amino-esters give hvdroxv-esters instead of diazo-coinpoimds (Her. 

37, 12(1:1). 

(2) Tlie sodium salts of the diazo-acids are prepared by reduct ion of the iso- 
nitramine fatty acids (p. 4.11) by means of sodium amalgam (Ber. 29, (1(17) ; 

HO.X.CHoCOoXa !- 2H - 2H.,0 + X2 : Cn CX),Na. 

The diazoacetic esters ar(‘ very volatile, ycdlow-coloun'd liquids, with a p(‘culiar 
odour. They distil undecomposed with steam, or under reduced ])i’(^ssure. They 
are slightly soluble in vs ater, hut mix readily with alcohol and et her. Jwik(‘ aceto- 
ac-etic ester, they are feeble acids in which the hydrf)gen of their CHNg-group 
can be replaced by alkali metals by moans of anhydrous alcoholates. Isornoriza- 

HNv 

tion occurs, and there arc form^' 1 .salts of i^ndlrizoaretir ester, \ ^OCOgR, 

w'hicli can be <'>]>tained as an un.stable oil by careful precipitation. It (tan be 
diflereeti tiled from the true diazoaccttic estnr by the fact that warm acids do not 
liljorate X, from it (p. 4.“)9), but de(;omposo it into hydrazine and oxalic acid 
(Ber. 34, 2.50(1). 

Aqueous alkalis gradually hydrolyse and dissolve diazoacetic est-cT, forming 
salts, CHX2-C02^I, which are decomposed by acids, evolving nitrogen. 

Sodium diazoacetate, yellow in colour, dis.solves with extreme ease in water. 
The reaction of its solution is alkaline (Ber. 34, 2521). 

Ethyl diazoacetate, m.p. — 24 , b.p. 141} , 1)22 l-OI.'}, explodes 

wdth violence when brought into c(jntact with concentrat/od sulphuric aitid. A 
blow drjes not have this effect. At temp('ratures near its boiling point it d(>c(3m- 
poses into nitrogen and furnaric ester. J ts mercury derivative, Hg(CN 5)2> 

in.p. 1(J4"5 with formation of froth, results when yellow mercuric oxide acts on 
well-cooled diazoacetic ester. It separates from ether in transparent, sulphur- 
yellow, rhombic crystals. Concentrated ammonia converts the ester, like all 
other esters, into an amide, d iazoacetarnide , XgCHCOXHg, m.p. lll*^ with decom- 
position. When diazoacetic ester is reduced it breaks down into ammonia and 
glycocoll. pseudo- and Bis-diazoacetamide (see below). Diuzoacetonitrile, X.^CH*- 
eCKJN, b.p. 4(3714 mm., is prepartul from arnino-a(!etonitrile hydrochlorid(^ (p. 
441) and sodimn nitrite (B(u-. 31, 2489). It is an orange-yellow, very mobile 
liquid, possessing a pleasant odour resembling acetonitrile, but which irritates 
the raucous naanbranes. 

Higher diazo-Jatty esters, see J.A.C.S., 44, 1798. 
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The (iiazo-estors are very reactive compounds, either by the ready replace- 
ment of their two nitrogen atoms by two monovalent radicals, or by their ability 
to form new heteroityclic rings without loss of nitrogen by addition reactions or 
isomerization. A resume of the reactions of the diazo-compounds is given by 
Staudingor (Helv. Chim. Acta, 5, H7). 

liraviioru't. — (1) The diazo-esters are converted on heating with water or 
dilute acids into esters of the hydroxy acids : 

NaCH COOEt + H/) HO CH^ COOEt f N 2 . 

This react ion serves for the quantitative determination of the nitrogen in diazo- 
compounds. 

(2) Alkoxy-fatty acid (‘sters are produced on })oiling with alcohols ; a small 
quantity of aldehyde is productod at the same time : 

N.^CHCOoCoHji + ^ C1T2(()C2H,)C()2C2H3 + N, ; 

Ethyl i;th( )X yac«‘t;it( > . 

(11) Acid d<a-ivativ’eH of the glycollic esters are obtained on heating thi' diazo- 
compounds with organi(‘ acids : 

NaCHCO.CoH^ -f ail/)()fl (TE(()C.dl 30 )C( );H,, -f 

ai*kl. A<-ft(t-^lyc(i|lic ester. 

(4) The haIog('n acids act, ev(‘n in the cold, on tlte di{jzo-com{)oimds. The 
})roducts are halogen-fatty ostlers : 

+ HOI - CHoClCO.C.H, f X,. 

(o) 'The halogens produce est.(‘rs of dihaloid fatty acids : 

XCH2C(42CVH5 + I 2 CHIXT).X^,H, -f X.. 

J>i-io(lo-.ieetic ester. 

Diazoacetainide is changed, in a. similar manner, to di-iodo-acetamidi', 
CHTg-CO-XHg. lly titration with iodine it is possible to employ this reaction 
for the (plant it-ative ('istimation of diazo-fatty compounds (Her. 18 , 1285). 

(()) The esters of anilino-fatty acids, CeH5XH*CH2C02K, result from the 
reaction of the anilines witli diazo-esters. 

(7) The esters of the diazo-fatty acids unite with aldehydes to form ('sters of 
the /3-ketonic acids, c.q. benzoyl acetic ester, CfiH5CO-CH,>(^02C.2H3, trichloroacoto- 
acetic ester, CCl 3 C()CH 2 C() 2 K (c/. p. 477) (Ber. 18 , 2:179: 40 , IIOOO). 

(8) Acid chlorides react with diazo-esters to form (7-alkyl derivatives (Bor. 
49 , 1978) : 

R-CO Cl -f CH(Xo)*COOEt R CO*C(X2)-COOEt -f- HC’l. 


(9) Diazoacetic ester forms well-crystallizable addition products with un- 
saturated acid esters, such as acrylic, cinnamic, fumaric esters. Pyrazoline- 
carboxylic esters (Vol. Ill) are thus formed, which, on heating, lose nitrogen and 
are converted into glutaric esters : 

COoRCH CHo COJiC- -CH., COoHCH— CHo 

' / ' x -f II ■ II I > I 

N- N C'HCOoR X NHCHCOjH CHCO.K. 

Jliilzoacctic- Acrylic" l*yrazc»line Glutaric- ester, 

acid. aeicl. dicarboxylic estcu'. 

(10) Diazoacetic ester also reacts with benzene and its homologues, when 
heated with them, with loss of nitrogen and formation of dieyclic bodies, such 
as benzotrimethylene or norcaradiene carboxylic esters (Vol. 11) (Ber. 29 , 108 : 
32 , 701 : Ann. 358 , 1) : 


CH-CH—CH 

I 11 -f X 2 CHCO 2 R 

CH-CH— CH 
Benzene. 


CH = CH-CH 


^TlCOgR 4- Nr 


CH-CH— CH/ 

/j.s‘c*a(/ul*lunylacetic ester. 


(11) Diazoacetainide is converted into 
hydroxide solution (Vol. Ill) : 

Xv 

II yjH-CONH2 

n/ 


triazolone whcui heated with barium 


X- XH 

> ll 

X— Ctl — CO 
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Diazoacetvlglyciiiamide (see above) similarly yields triazoloneacetamide (Ber. 

39 , 4140 ): 

(12) Hydrazine and diazoacetic eater or diazoacetamide form the hydrazido 
of azidoacetic acid, NgCHgCOgH, of which the ethyl eMer, b.p. 75°/21 mm., is 
prepared also from iodoacetic ester and silver azide or chloroacetic ester and 
sodium azide. It is a colourless oil. Boiling alkalis decompose the acid into 
ammonia, nitrogen and oxalic acid (Ber. 41 , 344: C. 1908, I. 938); 

XjCH COjC.Hj -f 2NH,NH. > NH 3 + NsCHaCONHNHa + C^H^OH 


ICH 2 CO 2 R + NsAg N3CH2C0,R >-NH3 + Nj + (COOH)2 + ROH. 

(13) With concentrated pobissium hydroxide or liquid ammonia, in the cold, 
are obtained salts of the birnolecular so-called p.vcwdodiazoacetic acid, i.c. 1 : 6- 
dihydro-1 ; 2 : 4 : 5-tetrazine-3 : 6-dicarboxylic acid, whereas with heat the same 
reagents jdeld the salts of bisdiazoacetic acid, i.c. the 1 : 2 -dihydro tetrazine deriva- 
tive (Ber. 41 , 3161) : 

^ NH 

KO-OCCH yCH-COOK > KOOC— c/ V;H-C()()K 


\N^n/ 


1‘otassium p-sfur/odiazoacctat-t*. 
/XH -NHv 

>c*cooK 

'"^X X.-'-" 

Potassium i >isdia7,( )a(:(*tiitc. 


Breakdown of these compounds, with formation of tetrazines and triazoles, sef^ 
("urtiNfi^ Ber. 41 , 3161. 

(14) On reduction of diazoacetic ester followed by hydrolysis of the y)rimary 
product, Curtius obtained hydrazine, NHo-XH2. Ho regarded the intermediate 

XHv 

compound as hydraziacetic ester, | \CH-COOEt , but Staudiiiger (Helv. Chirn. 

XH/ 

Acta. 4 , 228) has shown that the compound obtained by careful reduction, 
catalytically or by moans of ammonium sulphide, of diazoacetic ester is the 
hydrazone of gl} oxalic ester, which can be hydrolysed to glyoxylic acid and 
h^'drazino by acids. This lends some support to the open chain formula for 
the diazo-compounds : 

CH(X2) COOEt XH2 N : CII cOOEt — > XH2 Xn2 + CHO-COOH + EtOH. 


(15) Rhosphines, in particular triphonylphosphine P(CeH3)3, unite with 
aliphatic diazo-compounds with formation of phosphazines (Helv. Chiin. Acta. 
5 , 75) : 

(CeH6)3P + X : X : CH COOEt > (CeH3)3P : X X : CH-COOEt. 

(16) Grignard reagents also add on readily, with formation of substituted 
hydrazones (Monatsh. 34, 1609) : 

R MgBr 4 - CH(X2) COOEt-^BrMg XR X : CH CO()Et->XHR X : CH COOEt. 


Oximes and Hydrazones of the Aldocarboxylic Acids 

Oxiwirifjacetic acid, iaotiitrosoacetic acid^ glyoxylic oximc.j HON : CH-COOH, 
ra.p. 143" (decomp.), is preparefl from glyoxylic acici and hydroxylamine ; from 
dichloro- or dibrornoacetic acid, hydroxylamine and potassium hydroxide solu- 
tion ; and from the hydrolysis of its ester. It forms colourless needles. Ethyl 
ester ^ rn.p. 35^, b.p. llH/12 inrn., consists of deliquescent crystals ; methyl ester^ 
m.p. 55", b.p. lOO /lij mm. ; mobutyl ester, b.p. 118°/10 mm., can be prepared 
from acetoacetic ester by decomposition with nitrosyl sulphuric acid. Treat- 
ment with acetic anhydride converts wonitrosoacetic ester into cyanoformic 
ester, XC COjR ; N2O4, produces wonitrosonitroacetic ester, HONC(NOa)C02R, 
and an oily substance, probably a peroxide of dioximinosuccinio ester : 
ON “ ' 

I I ■ (c/. Ber. 28, 1216 : 37, 1530 : C. 1904, II. 195 ; 1907, 1. 401). 

ON-CCO.R 
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p-Oximinopropionic acidy HON : CHCHgCOOH, in.p. 117° with decomposition, 
is prepared from coumalic acid and hydroxylamine (comp. p. (ilfi) (Ann. 264, 
286: Her. 25, 1904). 

Olyoxylic acid plicnylhyd.razoncy CoH^NHN : CHCOgH, m.p. 137° (decomp.), 
is decomposed by nitrous acid into COg and phenyl azoformald oxime, C5H5N 
NCH : NOIi (J. pr. Chem. [2] 71, 366) ; ethyl ester, rn.p. 131°, can be distilled 
under reduced pressure (C. 1907, I. 401). 

Hydrazones of ^-aldocarhoxylic acids, such as of formylacetic acids, and their 
esters very easily part, intramolecularly, with water or alcohol, forming lactam- 
like bodies, known as pyrazolones (Vol. 111). In order to indicate the lactam 
character of such substances, when the lactam -nitrogen is joined to a second 
nitrogen atom in the ring, they have been named Laetazarns : 


CH2OH 

11 -b NHo— NH2 

CHCOJl 

acj-Formyl- 
acotic acid. 


> 


CH— NH—NH CH = N— NH 


II 

CH 


I or I I 

CO CHj CO 

Pyrazolone, 


/3-Ketocarboxylic acids (p. 466) also easily form y-lactazams (pyrazolones). 

Hydrazoyics of the y- and h-aldocarhoxylic acids. 

^-Formylpropionic acid ester phenylhydrazone is a non-crystallizable oil ; 
phenylhydrazide y CgHgNHN : CHCH2CH2CONHNHCeH5, m.p. 182°, is prepared 
from aconic acid {q.v.) and excess of phenylhydrazine. When warmed with 
sulphuric acid it yields indole*/3-acetic acid (Ann. 339, 373). Similarly, formyl- 
butyric acid phenylhydrazone y C<,Hf;NHN : CHCH2CH2CH2COOH, yields indole- 
)3-propionic acid, which is also formed from tryptophane by putrefaction (Her. 38, 
2884). 

Mucobrornu* acid (p. 4“) 7) and hydrazines form hydrazone anhydrides or 8- 
lactazams (Pyridazoncs, Vol. HI) ; with hydroxylamine it gives an oxime 
anhydride (lactazone or orthoxazone, Vol III) (Ber. 32, r)34) : 


CBr -CH-N 

11 I 

CBr -C(.» -NH 

Dibroriiopyrldazone, 

iM.p. 


CBr— CH-N 

|l I 

CBr— CO— O 

Dibroiiio-orthoxazone, 
m.p. 125^. 


9. KETONE CARBOXYLIC ACIDS 


These contain both the gi-oiips CO and COgH ; they, tlierefore, 
show acid and ketone characters with all the specific properties pecuhar 
to both. In conformity with the scheme of nomenclature employed 
for the mono-substituted fatty acids and the various diketones (pp. 
401-405), we distinguish the groups a-, /?-, y-, (5-, etc., among the 
ketocarboxyhc acids : 

The a-, y-, and d-, etc., acids are fairly stable in a free condition, 
whilst the /1-acids are stable only in the form of esters, the free acids 
decomposing readily. 


Nomenclature. — The kotonic acids are usually designated either as acyl 
derivatives of the fatty acids oi* as ketu -substitution products of the fatty acids 
or oxofatty acids : 


CH3COCO2H 
Acetylformir acid. 
o(-Kctc)propionic acid. 
(a-Oxoprt)pl(mic acid). 


CH3COCH2CO2H 
Acotoacetic acid, 
/Mvetobutyric acid. 
(^-Oxobutyric acid). 


CHgCO-CHaCHgCOgH 
/i- A cetyl propionic acid. 
7 -Ket 6 valeric acid. 
(y-Oxovaleric acid). 


The “ Geneva names” are formed by the addition of the word “ acid” to the 
names of the ketones, as the ketonic acids may be considered as being the 
oxidation products of the latter. 


CH3COCO2H CH3COCH2CO2H 

[ Propanoue acid] . [2-13utauone acid]. 


CH3COCH2CH2CO2H. 

[ 3 -Pentanone acid]. 
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Fonnafion . — The more stable a-, y-, and (5-ketonic acids can be 
prepared by the oxidation of the secondary alcohol acids corresponding 
with them. Other methods will be given under the individual classes 
of these acids. 

Bcacfio7is . — ^The ketone nature of tliese acids is shown by numer- 
ous reactions, c.g. nascent hydrogen converts the ketonic acids into 
the corresponding alcohol acids. They unite with alkali hydrogen 
sulphites, with hydroxylamine, and with phenylhydrazine. 


A. SATURATED KETONE CARBOXYLIC ACIDS 
I. a-Ketonic Acids. — R CO CO.H 

In this class the ketone group CO is in direct union with the acid- 
forming carbox}'! group, COoH. We can look upon them as being 
compounds of acid radicals with carboxyl, or as derivatives of formic 
acid, HCO-OH, in which the hydrogen linked to carbon is replaced 
by an acid radical. This view indicates, too, the general synthetic 
method of formation of these acids from (1) the cyanides of acid 
radicals (p. 464), which, by the action of concentrated hydrochloric 
acid, are changed to the corresponding ketonic acids : 

CH3 CO CX 4- 211.0 -f HCl - CHa-CO-COgH -f NH4CI. 

(2) A second general method of formation of a-ketonic acids and 
their esters consists in converting a-alkyl acetoacetic esters into the 
a-oximino-fatty acids (p. 465) and decomposing these with excess of 
nitrosyl sul])huric acid (C. 1904, IT. 1706) : 

UXOj 

UOX : CROOOCsH. O : CRCOOC3H5 + N2O -f H2O. 

Pyroracemic 2 icidy pyruvic acid, [propanone acid], CHa-CO-CO^H, 
m.p. 4 - 3 , b.p. 16,5-170 /760 mm. (decomy).), b.yj. 61V12 mm., 
was first obtained in the distillation of tartaric acid, racemic acid 
{Berzdtus, 1S35) and glyceric acid. (1) The acid is made by the dis- 
tillation of tartaric acid alone (Ann. 172 , 142) or with potassium 
liydrogcii sulphate (Ber. 14 , 321). We may assume that in this 
decomposition the first jiroduct is hydroxyraaleic acid, which is con- 
verted into oxalacetic acid, which then gives up CO.^ to form pyro- 
racemic acid : 

(JHOHCO2H COHCO.H COCO2H COCO2H 

1 > il I I 

CHOHCU.H CH 00211 OH2CO2H CHa 

Tartaric acid. Uydroxyinalcic Oxulacctic Pyroracemic 

acid. acid. acid. 

It is obtained from (2) a-dichloropropionic acid (p. 336), when heated 
with water ; (3) in the oxidation of a-hydroxypropionic acid or ordinary 
lactic acid with potassium j)ermanganate ; (4) by the decomjjosition 
of oxalacetic ester ; (5) from acetyl cyanide by the action of concen- 
trated hydrochloric acid (p. 464) ; (6) by the oxidation of citraconic 
and mesaconic acid by KMn 04 . 

(7) It may be obtained in yield by the oxidation of methyl- 
glyoxal, CHa-CO-CHO, with bromine water (Biochem. Z. 166 , 442). 

Pyroracemic acid is a liquid, soluble in alcohol, water and ether, 
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and has an odour quite similar to that of acetic acid. On boiling at 
atmospheric pressure it decomj)oses partially into CO 2 and pyrotartaric 
acid (q.v.). This change is more readily effected if the acid be heated 
to 100 ' with hydrochloric acid. 

Pyruvic acid is the most im])ortant intermediate in the alcoholic 
fermentation of the hexoses. It is readily fermented by yeast (see 
p. 141). It is also of importance in the animal organism, both in 
the breakdown of complex substances, and in synthetic processes. 
(See Sugars, Proteins, Amino-acids: also Ann. 436 , 229 : C. 1925, 
II. 728 : Ber. 57 , 1436 : J. Biol. Chem. 25 , 571.) 

Reactions. — Pyruvic acid reduces ammoniacal silver solutions with 
formation of a silver mirror, the acid being converted into acetic acid 
and carbon dioxide. It is quantitatively decomj)osed into these sub- 
stances by hydrogen peroxide (C. 1904, II. 194). When heated with 
dilute sulphuric acid to 150"' it splits up into COo and aldehyde, 
CHg-COH. This ready separation of aldehyde accounts for the ease 
with which pyroracemic acid enters into various condensations, e.g. 
the formation of crotonic acid by the action of acetic anhydride (p. 
344) (Ber. 18 , 987 : 19 , 1089), and the condensations with dimethyl- 
aniline and phenols in the presence of ZnCU. The acid condenses 
witli the benzene hydrocarbons, in the presence of sulphuric acid, 
without decomposition (Ber. 14 , 1595 : 16 , 2072). It condenses with 
acetone to form acetonedipyruvic acid (q.v.). A sensitive reaction 
for the detection of pyruvic acid depends upon its capacity to form 
substituted naphthocinchonic acids when condensed with /^-naphthyl- 
amin(‘ and aldehydes (see Z. angew. Chtan. 39 , 951). 

Pyruvic acid forms crystalline compounds with the alkaU hydrogen 
sulphites, in which it resembles the ketones. Nascent hydrogen (Zn 
and HCl, or HI) changes it to ordinary a-lactic acid, CH3CH(0H)C02H, 
and dimethyl racemic acid (r/. Glyoxylic acid, p. 455). HgS passed 
through pyroracemic acid produces thiodUactic acid, S[C(CH 3 )(OH)- 
C0()H|2, m.p. 94", wiiich is easily decomposed into its components 
(C. PK)3, I. 16). Mercaptans, c.r/. phenylmercaptan, combine wdth 
pvToracemic acid to form CH3C(0H)(8C(iH5)C02H (Ber. 28 , 263). 
l^yroracemic ester, mercr!]:>tan and hydrochloric acid react together 
t(i form the mcrcaj)tolc, CH 3 -C(SC 2 H 5 joC 02 C 2 H 5 , which on oxidation 
passes into the sulphone, CH3C(S0.2C2H5)2C02C2H5, m.p. 6B (Ber. 32 , 
2804). 

It reacts with phenylhydrazine and hydroxylamme to form a 
phenylhydrazone and an oxime (p. 465). The reaction wuth ammonia 
is described on p. 465. Hydrocyanic acid combines with pyruvic 
acid to form hydroxy iwsuccinic acid seminitrile. 

The cliange of pyroracemic acid on boiling with barium hydroxide solution 
into uvitic acid, Coll;4L^^''^l(61l3)(C’02H)2 (Vol.ll),and uvic acid or pju'otritario 
acid (Vol. II), is noteworthy. The first step is the separation of oxalic acid 
with the formation of methyl dihydrotrimesic acid ; then, COg is given off and 
dihydrouvitic acid results ; finally, oxidation produces uvitic acid (Ami. 305 , 
125). 'Jdies(' intermediai e eomjiounds can bo avoided by condensing pyroracemic 
acid with acetaldehyde, a reaction which is of general applicatioTi. For the 
condensation of pyroracemic acid with formaldehyde, see tetramethylonu dioxalic 

acid (Vol. II). 1 1 • 1 1 

On standing, a slow aklol-like condensation takes place, wmich can be accole- 
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rated by the presence of hydrochloric acid, whereby two molecules of pyroracemic 

COOblClCHg)— O 

acid unite to form a-ketovalerolactonc-y'carboxylic acid, 1 | 

{q.v.). Heated with hydrochloric uci<l this substanct' gi\ tvs up CO2, and pyrotar- 
taric acid is formed (see also C. 1904, TI. 14011). Tlie salts of pyroracemic acid 
are caused to undergo polymerization by the action of alkalis to salts of para- 
pyroracemie acid and to -pyroracemic acid (Ann. 317, 1 : 319, 121 : C. 1901, 
li. 1262 : 1903, I. 16). 

Pyroracemic ethyl eater, b.p. 146° ; acetal, CH30(OC2H5)2-CO2C2 Hb, b.p. 190° 
(see also a-ethoxy acrylic ester, p. 452). 

Halogen Substitution Products of Pyroracemic Acid. — Trlchloro- 
pyroraceinic acid, CClg-CO-COaH -f HgO ^ CCl3-C(()14 )2(^OOH, m.p. 102°, is 
produced (1) when KCIO3 and HCl act on gallic acid and salicylic* acid ; (2) by the 
action of chlorine water on chlorofumaric acid (Ber. 26, 656) ; (3) from trichloro- 
acetyl cyanide. 

Substitution products result by heating the acid with bromine and water to 
100°. Dihromopyrvi'ic acid, CBr2HC(0H)2C02H -j- HoO, m.p. 89° (anhydrous). 
Tribromopyruvic acid, CBr3C(0H)2-C02H H- HoO, m.p. 90° (anhydrous). Heated 
with W'ater or ammonia it breaks up into bromoform, CHBr3, and oxalic acid. 

Homologues of Pyroracemic Acid. 

Propionyl formic acid, CHaCHgCO-COOH. b.p. 74-78°/25 inrn., is also obtained 
by the transformation of vinylglycollic acid (p. 452) ; etliyl ester, b.p, 162° (C. 
1904, II. 1706). Butyryl formic acid, CH3CH2CH2C0-C02H, b.p. 115°/83 mm. ; 
ethyl ester, b.p. 72-77°/10 mrn., is produced from a-oximinovaloric ester (mode of 
formation No. 2, p. 462), Dimethylpyroraccmic acid, (CH3)2CHCO'COOH, rn.p. 
31°, b.p. 66°/10 mm., is produced by the cleaving action of hydrochloric acid on 
aminodimethylacrylic acid (p. 454) (C. 1902, I. 251). Trimethyl pyroracemic acid, 
(CH3)3C'C0*C0()H, m.p. 90°, b.y_), 185 results wdion pinacolin is oxidized with 
KMn04 (Ber. 23, Pw. 21 : C. 1898, I. 202). isoButylpyroraccmic acid, (CHs)^- 
CHCHg-CHgCO'COOH, m.p. 22°, is obtained from f-sobutylcitraconic acid and 
i^obutylrnesaconic acid (Ann. 305, 60) ; ethyl ester, b.yi. 74°/ll mm., is prepared 
from a*oximinoi6*oea})roic ester (0. 1904, li. 1737 : 1906, II. 1824). 

Nitrogen Derivatives of the a-Ketonic Acids 

(1) Acyl cyanides, ex ketone nitriles result on heating acid chlorides or 
bromides with silver cyanide : 

C^HsO’C^ 1 AgNC - C2H3O-CN + AgCl ; 
and when the aldoximos of the a-aldehyde ketones are treated with dehydrating 
agents. ‘:uch as acetic anhydride (p. 406) (Bor. 20, 2196) : 

CH3 CO CH : NOH -= CH3 CO CN + H2O. 

The acid cyanides are not very stable, and, unlike the alkyl cyanides, are con- 
verted by water or alkalis into the fatty acid and hydrogen cyanide, 

CH3CO CN -f H2O = CHgCO OH + HNC. 

With concentrated hydrochloric acid, on the contrary, they imdorgo a transposi- 
tion similar to that of the alkyl cyanides (p. 324), in which water is absorbed, 
and the amides of the cL-ketonic acids are intermediate jiroducts (Claisen) : 

H,0 UnO 

CH3COCN > CH3COCONH2 ^ CHaCOCOOH + NH4CI. 

HCl 

Acetyl cyanide, pyruvic nitrile, CHgCO-CN, b.p. 93°. When preserved for 
some time, or by the action of KOH or sodium, it is transformed into diacetyl 
cyanide, C^HgOaNg, m.p. 69°, b.p. 208°, which can also be prejpared from acetic 
anhydride, potassium cyanide and hydrochloric acid in ether at 0°. Hydrolysis 
converts it into methyl tartronic acid, probably according to the following 
scheme (Monatsh. 15, 773) : 

-f HO COCH3 

Diacetyl cyanide. Methyl tartruulc acid. 
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Propionyl cyanide, CHgCHgCOCN, b.p. 108-110°. Di^ropionyl cyanide, 
(C 3 H 50 CN) 2 , m.p. 59°, and b.p. 200-210°, behaves like diacetyl cyanide (Ber. 
26, R. 372). 

Butyryl cyanide, Cgti^COCN, b.p. 133-137°, and 'mohutyryl cyanide, CgH^COCN, 
b.p. 118-120°, polymerize readily to dicyanidos, which pass into alkyl tartronic 
acids on treatment with hydrochloric acid. 

Pyroracernic amide, CH 3 CO-CONH 2 » m.p. 124° ; propionyljorrnamide, C 2 H 5 - 
CO-CONH 2 , m.p. 116°, are produced from a-ketone nitriles and concentrated 
hydrochloric acid (Ber. 13, 2121). 

Pyruvyl ethyl imido chloride, CHgCOCCl : NCgHg, is a yellowish oil produced 
by the union of acetyl chloride with ethyl is-ocyanide (Aim. 289, 298). 

Pyruvyl hydroximic chloride, chloromonitromacetone, CH 3 CC)C(NOH)Cl, m.p. 
105°, is formed by the action of nitric acid on chloroacetone ; or by the action 
of chlorine on iwnitrosoacetone ; or by the action of hydrochloric acid on acetyl 
methyl nitrolic acid, CH 3 -(X)- 0 ( — NOH )N 02 — the product resulting from the 
action of nitric acid on acetone (Ann. 309, 241). The oxime, CHg-C : NOH-- 
C(: NOH)O NO, m.p. 97° (decomp.). 

(2) Peliacionr of Ammonia and A)iilinc with Pyroracernic Xetd.— The am- 
monium salt, like the other alkali salts, undergoes condensation in neutral oi' 
alkaline solution. At first an amino-ketone dicarboxylic acid is formed, which 
loses formic acid and passes into uvitoiiic acid, a picoline dicarboxylic acid (C. 
1904, II. 192) : 

CH 3 C(C 00 H)NH 2 C 0 C() 2 H CH 3 C N 3==CC00H 

2 CH 3 COCO 2 NH 4 — I + 1 ^ II 1 

CH 2 CO(COaH) dig CH C(COOH) : CH 

Aniline and pyroracernic acid pvodMQG pyruvic acid anil, CgHsN : C(CH 3 )COOH- 
m.p. 126° (decoinp.), which undergoes a similar condensation with a further 
molecule of pyroracernic acid to form a-methyl cinchonic acid, aniluvitonic 
acid (Vol. III). 

In acid solution one molecule of NH 3 and two of pyroracernic acid unite to 
form iminodilactic acid (cf. Thiodilactic acid, p. 120), with the probable formation 
of intermediate compounds. On losing COo it forms A-acetylalanine (C. 1904, 
11. 193): 

CH:3C(C00H)(0H)NHC(0H)(CH3)C0()E CH3C0NH*CH(CH3)C02H. 

— H2O 

(3) a-Oximino-fatty acids or oximes of the oL-keto)ic acids are formed (a) by 

the action of NHgOH on a-ketone acids ; ( 6 ) by the interaction of mono-alkyl 
acetoacetic acids and nitrous acid, alkyl nitrites, nitrosyl sulphuric acid or 
nitrosyl chloride (Ber. 11, 693 15, 1527 : C. 1904, II. 1457, 1706) : 

CH3C0CH(CH3)C02R + HOgSONO CH 3 CO 2 SO 3 H -f HON : C(CH3)C02R. 

Further action of nitrous acid converts the a-oxirnino-esters into a-ketone esters 
(p. 462). Acetic anhydride causes the splitting off of water and COg with forma- 
tion of acid nitriles. 

a-Oximinopropionic acid, iaouitroso prop ionic acid, CH 3 C( : NOH)-C02H, 
decomposes at 177° ; methyl ester, m.p. 69°, b.p. 123°/14 mm. ; ethyl ester, CH 3 C — 
(N 0 H)C 02 C 2 H 6 , m.p. 94°, b.p. 238° (Ber. 27, K. 470) ; amide, CH 3 *C( : NOH)- 
CONH 2 , m.p. 174° (Ber. 28, R. 766; C. 1904,11. 1457). a-Oximinobutyric 
acid, CH 3 -CH 2 C( =N 0 H)C 02 H. a-Oximidovalerianic acid, and a number of 
other homologuos and their esters have also been prepared. a-Oximido-dibromo- 
pyroracemic acid has been obtained in two modifications (Ber. 25, 904). 

(4) Pyruvic ester hydrazone, Ntlg-N : CMe-COOEt, m.p. 116° (J. pr. Chem. [2] 
44, 554 : Helv. Chim. Acta. 4, 231) results from pyroracernic acid and hydrazine. 
Mercuric oxide converts its methyl ester into a-diazopropionic methyl ester. 

(5) oL-Diazopropionic ester, CH 3 -C(N 2 )*C 02 Et, b.p. 65-68°/41 mm., is obtained 
from the hydrochloride of alanine ethyl ester by the action of KNOg. It is a 
yellow oil, which is partially decomposed, by distillation at ordinary pressure, into 
dimethyl finnaric ethyl ester. oi-Diazobutyric ester, b.p. 63-65 /11 mm., and 
QL-diazoimcaproic ester, b.p. 70-73°/12 mm., both resemble diazoacetic ester (p. 
458) in their behaviour, but are more easily decomposed, and are therefore more 
difficult to obtain pure (Ber. 37, 1261). 
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(6) Pyroracetnir add, phenylhydrazonc, CH 3 C( — NNHC 6 H 5 )C 02 H, m.p. about 
1 92^ ( doconi]). ), is not only formed by the action of phenylhydrazino on pyroracernic 
acid (Ber. 21 , 984), but also by hydrolysis of the reaction-product from diazo- 
benzene chloride and methyl acetoacetic ester (Ber. 20 , 2942, 3398: 21 , 15: 
Ann. 278 , 285: C. 1901, 11. 212). 

I’yroracemic ethyl ester yields two isomers with phenylhydrazine, which are 
separable by chloroform : phenylhydrazoncs, m.p. 32” and 119° (O. 1900, II. 1150). 

(7) Se7}(icarba zones of the a-ketonic acids, NH 2 CO NHN : CRC() 2 H, and 
theii' t'sters, see C. 1904, II. 1700, etc. 

II. /^-Ketonic Acids 

In the /)-ketonic acids the ketone oxygen atom is attached to the 
.‘second carbon atom, counting from the carboxyl group. These com- 
pounds are very unstable either in the free state or as salts. Heat 
decomposes them into carbon dioxide and ketones. The CO and 
COoH groups are attached to the same carbon atom, and, in this 
respect, the compounds resemble malonic acid and its mono- and di- 
substitution products (see later), in which two carboxylic groups are 
attached to the same carbon atom ; these also give off CO 2 when 
heated. Their esters, on the other hand, are stable, can be distilled 
without decomposition, and serve for innumerable syntheses. 

Acetoacetic acid, aceionecarhoxylic acid, ji-ketobvlyric acid [3- 
butanone acid], CHa-CO-C'Hg-COsH. To obtain the acid, the esters 
are h 3 ^drolysed in the cold b}^ dilute potassium hydroxide solution 
(the rate of hj^di'olysis is independent of the concentration : Ber. 32, 
3390 : 33, 1140) ; the acid is liberated with sulphuric acid, and the 
solution shaken with ether (Ber. 15, 1781 : 16, 830). Concentrated 
over sulphuric acid, acetoacetic acid is a thick liquid, strongly acid, 
and miscible with water. When heated, it yields carbon dioxide and 
acetone : 

( H/'O CH 2 CO 2 H - CICCO CHa -f C()2. 

Xitrous acid converts it at oni^e into CO. and ^6•onitrosoa(;etone 
(p. 407). Its salts are not very stable ; it is difficult to obtain them 
pure, .since they undergo changes similar to those of the acid. Berric 
chloride imparts to them, and also to the esters, a violet-red colora- 
tion. The sodium salt is found in urine in certain pathological con- 
ditions, particular!}^ in diabetic coma. 

The homologous (i-Ketone acids can also be prepared by the hydro- 
lysis of their esters with hot concentrated sulphuric acid : the result- 
ing liquid may contain the sulphates of the crtol forms : RC>(OS() 3 H)- 
CHCO 2 H. The free acids, like acetoacetic acid itself, easily decompose 
into CO 2 and ketones (C. 1904, II. 1707). 

The stable acetoacetic e.sters, CH3C0-CH2C02R, are produced 
as sodium derivatives by the action of metallic sodium on acetic^ 
esters. 

The free esters result upon treating their sodium compounds with 
acids, and are obtained pure by distillation. 

The acetoacetic esters are liquids, which dissolve with difficulty 
in water, and possess an ethereal odour. They can be distilled without 
decomposition. 

The esters of acetoacetic acid, contrary to expectation, possess an 
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acid-like character. They dissolve in alkalis, forming salt-like com- 
pounds in which a hydrogen atom is replaced by metals. 

History . —Ge\\the>v in 1863 investigated the action of sodium on acetic ester. 
According to the theory at that time current, acetic acid should contain two 
hydrogen atoms replaceable by metals, the one easily replaced, the other with 
difficulty. Geuther attempted to form the disodium derivative by heating 
sodium acetate with metallic sodium and when that failed, attempted to obtain 
the ester-salt, CHg : CH(OEt)(ONa) (present-day formula), by the action of 
sodium on ethyl acetate. Instead of this he obtained a cornpouml, CgHgOaNa, 
which on decomposition by acid formed a cmnjmund, CgHjoOg, which possessed 
acidic and ester properties, and which ho named ethyl diacetic acid. Simul- 
taneously, and independently of Geuther, Frankland and Duppa investigated the 
action of sodium and alkyl iodides on acetic ester, as a sequel to their work on 
the action of zinc and alkyl iodides on oxalic ester. Wisliconus, Claisen, A. 
Michael and Scheibler have done much to explain the mechanism of the reaction. 

'Fhe difficulty of the problem lay largely in the fact that in many of its 
reactions, such as the formation of an acetal with orthoformic ester, the formation 
of acetone on hydrolysis, acetoacetic ester behaves as if it has a ketonic structure 
(I), which is also supported by many of its physical properties. On the other 
hand, many of its reactions, its acid character (solubility in alkalis), its colour 
reaction with ferric chloride, its unsaturated character (addition of bromine) 
and the formation of an 0-derivafive by the action of chloroformic ester, are 
better in accord with the “ cnolir. ” formula (II) : 

)3-Ketobutyric ester . . CHg-CO-CHg-COOEt (I) 

^-Hydroxycro tonic ester . CHyC(OH) : CH-COOEt (fl) 

It is found that liquid or dissolved acetoacetic ester is an equilibrium mixture 
of fhe two forms, the position of equilibrium depending on the temperature and 
the nature of the solvent. If an alkali acts on this equilibrium mixture, that 
c//o/-form already present is attacked, and to maintain the equilibrium more of 
th(^ kcto-iorm must chenge to the t tiol-y which is removed as fast as it is formed, 
so that eventually the whole amount is dissolved. In this reaction, therefore, 
t he mixture behaves as 100”o enol, and similarly, by the action of ketone reagents, 
the keto-form is removed from the equilibrium, and the enol -form initially 
present changes to the koto-form, the mixture then behaving as a pure ketonic 
compound. Acetoacetic ester forms the classical example of that form of 
dynamic isomerism known as keto-enol tautoinerisrn. 


Formation of Acetoacetic Ester and its Homolog nes 
(1) The '' Ester -condensation in General 

As akeady stated, acetoacetic ester is obtained in the form of 
its sodium derivative by the action of sodium ethoxide, sodium or 
sodamide on acetic ester : 

(a) 2CH3 COOC2H5 + NaOC2H5->CH3 C(ONa) : CH COOaHs -f aH^OH. 

{b) 2CH3 COOC2H5 + 2 Na — > CHyCHONa) : CH COOC2H3 -f H.. 

(c) 2CH3 COOC2H5 + 2NaNH2— >CH3 C(ONa) : CH C()OC2H3 1 C^H^ONa 

+ 2NH3. 

The reaction (a) is inhibited by the alcohol formed, whereas this 
does not occur in (b) and (c) where the alcohol is converted into 
alcoholate by the excess of reagent. The reaction (h) is to some 
extent influenced by the reducing action of the hydrogen evolved. 

At the conclusion of the reaction, the ester is liberated from its 
sodium derivative by the use of acid. 

The formation of acetoacetic ester in this way is a special case 
of a very general reaction, whereby the carbethoxy group of any 
ester (A) enters into reaction with the methyl or methylene group 
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of a second compound (B) which is activated by the immediate 
proximity of a carbonyl group : 

R CO OEt 4- CHjR CO- R CO CHR'-CO- + EtOH. 

(A) (B) 

(A) must always be an ester. (B) can be either an ester, identical 
with or different from (A), or a ketone, the latter reaction being a 
valuable method for the preparation of 1 : 3-diketones. (Mixed ester 
condensation, Wislicenus, Ber. 19 , 3225 : Claisen, Ber. 20 , 651 : 
Ester-ketone condensation, Claisen, Ber. 20 , 655), e.g. : 

CHg-COOEt 4- Na 4- CH3 CO CH3 CHs ClONa) : CH CO-CHg. 

Sodium derivative of 
acetylacetone. 

The mechanism of the ester condensation, like the formula of acetoacetic 
est-er, has been the objective of many investigations over the last fifty years, 
and is not yet entirely settled. The original conception, that C'-metallic deriva- 
tives such as CHjNa'COOEt are involved, has now been entirely abandoned. 
It has been shown that many ester condensations will take place with an alco- 
hohe solution of sodium ethoxide, under conditions which preclude the possible 
formation of a C-sodium derivative. (Claisen, Ber. 20, 2178, etc.) The mechan- 
ism is taken as involving the intermediate formation of O -sodium derivatives. 
Two of these have to be considered, (I) the addition product of sodium ethoxide 
and ethyl acetate, CH 3 *C(OEt) 2 *ONa (Claisen, Ber. 20, 051), and (11) the true 
0 -sodium deriv^ative, acetic ester sodium enolate, CHg : C(OEt)-ONa {Michael^ 
Claisen^ Ber. 38, 714 : Scheihler^ Ann. 458, 1), which can be considered as arising 
from (I) by loss of alcohol, or directly from acetic ester and sodium ethoxide : 

+ NaOEt > CH, ; + EtOH. 

Each of these views leads to a fmidamentally different view of the machanisrn 
of the ester condensation, in one the action of the sodimn being on the carbothoxy 
component of the reaction, in the other, on the methyl component. The forma- 
tion of benzoyl -acetic ester is thus represented either as from C(jH 5 -C( 0 Et) 20 Na- 
4- CHg COOEt or from CgHg-CO OEt 4- : C(OEt)-ONa. 

Claisen (Ber. 20, 651) supports the first alternative, and gives the equation : 

CH3 C(0Et)2 0Na -f CHa COOEt vCHg CXONa) : CH-COOEt -f 2EtOH. 

Swarts (Bull. Soc. Chini. Belg. 35, 412) sujjports this conception by the fact that 
such an addition compound can actually be isolated from trifluoroacetic ester and 
sodium ethoxide, and this compound reacts with acetic ester to give a nearly 
quantitative yield of ethyl sodiotrifluoroacetoacetate : 

CF3-C(OEt)2-ONa -f- CHg-COOEt CF3*C(ONa) : CH-COOEt 4- 2EtOH. 

Claisen (Ber. 38, 709) gives the following equations to show how the action 
may take place with the intermediate formation of (II) : 

(а) Ad^tion of the enolate to ethyl acetate, similarly to the addition of 
sodium ethoxide : 

/ONa 

CHa-CO-OEt + NaO C(OEt) : CHg > CHg-C^OEt (III) 

\O C(OEt) : CH 2 

(б) The lower group in the compound (III) is then assumed to become 
detached, and subsequently reattached by means of the methylene group, a 
reaction for which there are many parallels : 

/ONa /ONa /ONa 

CH, C^OEt — > CHa-O^OEt — > CHa CC; 4- EtOH. 

\0 C(OEt) : CHj \CH 2 COOEt ACH-COOEt 

The formation of keten acetal, CHg : C(OEt )2 as a by-product {Scheibler 
and Ziegener^ Ber. 55, 792) can also be explained by the intermediate formation 
of (III) : 

/ONa /ONa 

CHa-C^OEt CH3 C4 4- (EtO)2C : CHg. 

\O C(OEt) : CH, 
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The mechanism of the ketone condensation is precisely similar, the only 
difference being the formation of the ketone enolate instead of the ester enolate 


/ONa 

CHgC^-OEt 

M) CR : CH, 


yONa 
-> CHg CC 

"^^CHCO-R 


EtOH. 


Eor a. dilTerent formiilatioo of the addition products j)ostulated by Claisen 
as “ molecular compounds,” see Scheihlcr and Marhenkel (Ann. 458 , 4). 

(2) A further general method for the synthesis of /3-ketone-acid esters consists 
in the action of magnesium on a-broino-fatty a(ad esters in ethereal solution 
(Bor. 41 , 580, 054) : 

(^'^3)2^ ((^H3)2-^ yOMgBr 

CO2C3H3 + 2Mg ^ >C— C(0C2H3)/ 

Br/ BrMg/ ^C(CH3),(:()2C,H3 


U20 


H 


:^0C(CH3)3C02aH5 


/«oButyryli«obutyric ester. 

+ MgBr, + MgO + 

(II) A further synthesis depemls on the action of motallo -organic compounds 
on nitriles : 

(a) Acid nitriles are condensed with a-bromo -fatty esters by zinc, and the 
product is decomposed with water (C. 1001, 1. 724) : 

yZnBr yNZnBr 

C,H,C : N + (CH3)2C< 03lf-C<f 

\c03R 

Butyronitrih;. 


C(CH3)2C02R 
H^O 




\C(CH3)5C0,H. 

Butyrylisobutyric ester. 

(6) 'l"he condensation of cyanoacetic ester with magnesium alkyl iodides and 
subsequent action of water also produces /3-ketone-acid esters (C. 1901, I. 1105) : 

IMgCdU H,0 

N iCCH.2C02R (\H3C(: NMgT)CHoCX02R ^ aHaCOCHgCO.R. 

Cyanoacetic ester. Propionyl acetic ester. 

(4) The higher esters can also be prepared by the action of ferric chloride on 
ac’id chlorides, whereby a ketonic acid chloride is first formed. Water causes the 
loss of COo, forming a ketone, but the action of alcohol is to produce the ketonic 
acid eater (Hainonet, Ber. 22 , R. 760) : 

HCl yEHa C..Hd)H 

2C2H6COCI > CaHsCOCHc; — ^ CzH.COCH/ 

\COCl XCOOC2H, 

Propionyl chloride. a-Propionylproplonic ester. 

The higher chlorides, such as butyryl and eenanthylic, can be employed in 
this reaction. 

(5) When a-acetylene carboxylic acids are boiled with alcoholic potassium 
hydroxide, water is taken up and /8-acylacetic acids result. By esterification 
with alcohol and mineral acids at 0^, the /S-ket onic acid esters are formed (C. 1903, 
I. 1018) : 

H^O 

C«Hi 3C^C C02H >■ CeHi3C0 CH2C02H CeHiaCO CHaCOOCsHs 

Hexyl propiollc acid. Hepto-acetic esrer. 

(()) Finally, certain syntheses have been performed, in isolated cases, from 
aldehydes and diazoacetii^ ester (p. 458) (Ber. 40 , 3000) : 


CXXaCTK) f N.2CHC02(Ul5 - 


->-CCX3COCH2CX02C2H3 + N.,. 


Reactions of Acetoacetic Ester. 

Acetoacetic ester is a reagent of very wide applicability in the 
synthesis of organic compounds. The reasons of its great value are 
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(i) the ready introduction of substituents into the CHg group, (ii) the 
hydrolysis of the ester and its substitution products by the action 
of acids or alkalis with the formation of fatty acids and ketonic 
compounds. 

(1) The interaction between the sodium compound of acetoacetic 
ester and alkyl hahdes, especially the iodides and bromides, results 
in the formation of homologous esters. 

An examination of the structural formula for the acetoacetic ester 
reveals that only one hydrogen is replaceable by sodium. The metallic 
compound reacts with the halogen alkyl, whereby the sodium salt is 
formed and the alkyl group becomes attached to the a-C atom. 


(a) C.>H,OCO— CH CH3 C2H5OCO CH CH3 

II + I --- I + Nal. 

CHa-^CONa I CHa—CO 

Sodium acetoacetic ester. a-Methyiaeetoaeotie ester. 


The mono-alkyl substituted ester can take up an atom of sodium 
and again react as above : 


(b) C2HSOCO--CCH3 C2H5 VJl^OCO--V{Vli^)C\U, 

1! -f I = ‘ ! + Nal. 

CHg—CONa 1 ('H3 - CO 

a-MethyJ sodiiini Methyietiiylacetoaeetie 

acetoacetic ester. ester. 


According to Michael (J. pr. ('hem. [2] 37, 486 : 46, 189) the 
reaction consists of an addition of the alkyl lialide to the enol double 
linkage, followed by splitting off of sodium halide. 

The dialkylacetoacetic esters are incapable of enolization and do 
not form sodium derivatives. 

By the action of acid chlorides, R-COCl, on the sodium derivative 
an exactly similar reaction takes place, with the formation of G-acyl 
derivatives. In the presence of pyridine, the action of acid chlorides 
or chloroformic esters on acetoacetic ester leads to the formation of 
0-acyl derivatives of the eiioi form (c/. j). 474). The two reactions 
are contrasted below : 

CH^ C^OXa) : Cfl COOEt + CHg-COn CHa-CO-CHiCOCHgl-COOEt -f NaC. 

Pyridine 

CH3*C(()H) : CH COOKt + CHa-COCl CHa-ClO-COCHa) : CH-COOKt 

-f pyridine, H(J 1 . 

A general prophecy as to whether a C- or an 0- alkyl compound 
is obtained in any particular alkylation cannot at present be made, 
but comparing Claisen’s results (Ann. 442, 210) on the action of allyl 
bromide on phenol, acetoacetic ester and other dicarbonyl compounds, 
it is seen that the nature of the product depends very largely on 
{a) The additive capacity of the double linkage. 

(b) The mobility of the halogen in the alkyl halide employed. 

(c) The nature of the solvent. 

In broad terms it may be said that the greater (a) and (h) are, 
and the use of less dissociating solvents {e.g. benzene) lead to the 
formation of G-alkyl derivatives. 

(2) Acetoacetic ester and its mono- and di-alkyl derivatives can 
be decomposed in two ways to form simpler compounds. 

(a) By hydrolysis with dilute mineral acids or very dilute alkalis 
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the products are a ketone, carbon dioxide and alcohol {ketone decom- 
position) : 


CHa-COCHa 

+ H 


COO 


OH 


CH3COCH3 + CO2 + C2H5OH. 

Acetone. 


(h) By hydrolysis with concentrated alcoholic alkalis, the prod- 
ucts are two molecules of fatty acid (or its salt) and alcohol {ctcid 
decomposition) : 


CHg-CO -CHaCOOL^H, 
HO:H h;oh 


- CH 3 COOH + CH 3 COOH + C 2 H 5 OH. 
Acetic acid. 


The substituted acetoacetic esters are similarly decomposed, the 
ester CHa-CO-CRR' COOCsHg yielding the ketone CHa-CO-CHRR' when 
submitted to the ketone decomposition and the acids CHg-COOH and 
CHRR'-COOH by the acid decomposition. (For ketone decomposition, 
see C. 1927, II. 2743.) 

By means of the acid decomposition ” the higher acylacetic 
esters can be prepared, by converting ethyl acetoacetate into the 
C'-acyl derivative and treating the product cautiously with alkali. 
The acetyl group is thereby preferentially split off (C. 1902, II. 1410), 
e.g. : 

NaOH 

C 3 H 7 -C() CH(CO (^H 3 )-COOEt C^^H.-CO-CHa-COOEt 4 CHg COONa. 

C’-but>Tylacetoacctic ester. Butyrylacctic ester. ' 

(c) The decomposition of mono- aitd di-alkyl-acetoacetic esters 
into mono- and di-alkylacetic esters can be carried out directly and 
completely by boiling with sodium ethoxide solution [ester decomposi- 
tion) (Ber. 33, 2(370 : 41, 12G0) : 


CH3C0-C(CH3)2C02R 4- KOH - CHaCO.R 4- (CH3)2CHC02K. 

(3) The acetoacetic esters are converted by nascent hydrogen 
(sodium amalgam) into the corresponding ^'-hydroxy-acids (p. 421) : 

CHgCO-CHaCOaCaHs 4" H2 4- H2O - CH3CH(()H) CH.,r()2H 4- CoH^OH. 


(4) Chloriiio and bromine produce halogen substitution products of the acoto- 
acetic esters, the hydrogen of the — CHg — group being replaced first. 

(5) RClg replaces the oxygen of the j3-CO group by 2 atoms of chlorine. The 
chloride, CH 3 CC 12 -CH 2 COC 1 , readily loses hydrochloric acid and yields two 
chlorocrotonic acids (p. 344). 

( 6 ) Orlhoforrnic ester replaces the oxygen of the /3-CO group by two ethoxy- 
groups producing diethoxy butyric ester, which readily splits off alcohol and 
yields /9-ethoxycrotonic ester (p. 4o3). This is a method of preparing O -alkyl 
derivatives. 

(7) Ammonia, aniline, hydrazine and phenylhydrazine acting on acetoacetic 
ester produce the imine, anilide, hydrazone and phony Ihydrazone, which can also 
be looked on as being respectiv’^ely j3-ainino-, j3-anilino-, / 3 -hydrazino-, and /3- 
phenylhydrazino-crotonic esters. Acetoacetic ester forms a semicarbazone 
with semicarbazide, and an oxime with hydroxylamine (Bei*. 28, 2731). The 
liydrazones and oximes of the /3-ketonic esters easily giv e up alcohol and become 
converted into cyclic derivatives— /actoca a? s and lactazofic^- {cf. p. 461), usually 
known as pyrazolones and isoxazoles : 


CeH5N N 

I II 

COCH2CCH3 

I’henylmethylpyrazolone. 


0 N 

1 II 

COCHj, CCH3 

Methyllsoxazole. 


One molecule of hydrazine converts acetoacetic ester into the azine, 
(CeHioOg) : N — N : (CgHioOg), m.p. 48°, which an excess of hydrazine easily 
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transforms into two molecules of inethylpyrazolono (Ber. 37 , 2820 ; 38 , 

3036). 

(8) Nitric oxide and sodium othoxide change sodium acetoacetic ester into 
the disodium derivative of f^onitraminoacetoacotic ester (Ann. 300 , 89) : 

COaCoH^v /N^OoNa 

h ‘ >CHNa + 2NO 4- CoH,ONa - “ “ + C2H5OB. 

CHaCO/^ “ CH3CO/ \Na 

(9) Nitrous acid changes the non -alkylated acetoacetic ester to the ivonitroso- 

derivatives, CH3CO-C( ; N-0H)0O2H, which readily break up into i^onitroso- 
acetone, COg alcohols (see below). Nitrous acid, acting on monoalkyl 

acetoacetic esters, displaces the acetyl group and leads to the formation of 
a*?A'onitroso-fatty acids (p. 4()0), whereas the free monoalkyl acetoacetic esters, 
under like treatment, split off CO2 and yield ?‘«onitroso -ketones (p. 406). 

(10) Benzenediazonium chloride reacts with the rao/-form of acetoacetic ester 
Mnth the formation of the phenylhydrazone of pyruvic aldehyde (Bor. 21 , 549: 
Ann. 247 , 217). Intermediate stages of the reaction, see Dimroth, Ber. 40 , 
2404, 4460: 41 , 4012. 

(11) Diazomethane converts acetoacetic ester into j9-methoxy-crotonic ester 
(p. 474) (Ber. 28, 1626). 

(12) An important reaction is the union of acetoacetic ester with urea, when 

NH— CO— NH 

water is eliminated and methyluracil, | | , is formed. This is 

CHa-C CH— CO 

the parent substance in one synthesis of uric acid {q.v.). 

(13) Amidines convert acetoacetic ester into pyrimidine compounds ( Vol. III.). 

(14) The action of sulphur chloride or thionyl chloride on acetoacetic ester is 
to produce^ thiodiacetoacetic ester, S[CH(C0CH3)C02C2H5]2 (Ber. 39 , 3255). 

Nucleus-synthctic Reactions. 

(15) Heated alone, acetoacetic est-er is changed to dehydracetic acid (q.v.)^ the 
8-lactone of an unsaturated 8-hydroxy -diketone carboxylic acid. 

(16) The action of sulphuric acid causes acetoacetic ester to pass into a con- 
densation product, tsodehydracetic acid, the 8-lactone of an unsaturated 8-hy- 
droxy -dicarboxylic acid. 

(17) Hydrocyanic acid unites with acetoacetic ester, forming the nitrile of 
a-methylmalic ester. 

(18) (For the action of magnesium alkyl iodides on acetoacetic ester, see 
C. 1902, I. 1197.) 

The nucleus-synthetic reactions of the sodium derivative of acetoacetic ester 
and copper acetoacetic ester are far more numerous. 

(19) It has been repeatedly mentioned that the sodium acetoacetic esters 
could hv applied in the building-up of the mono- and di-alkyl acetoacetic esters, 
and also, therefore, in the preparation of mono- and di-alkyl acetones, as well as 
mono- and di-alkyl acetic acids. 

(20) Iodine converts sodioacetoacetic ester into diacetosuccinic ester : 

CH3COCHCO2C2H3 

I 

CH3COCHCO2C2H6 

This body is also produced in the electrolysis of sodioacetoacetic ester (Ber. 28, 
R. 452). 

(21) Chloroform and sodioacetoacetic ester unite to form hydroxyuvitic acid, 
C3H2(CH3)(0H)(C02H)2. 

(22) Other halogen compounds such as monochloroacetone, cyanogen c-hloride, 
acid halides, and monohalogen substitution products of mono- and di-carboxylic 
esters react with sodium acetoacetic esRu. Copper acetoacetic ester is most 
advaritag(K)UHly used with phosgene (Ber. 19 , 19). (For greater detail see below.) 

(23) Aldehj'^des, e.q. acetaldehyde, and acetoacetic ester unite to form othyl- 
idenemonc- and bis-acetoacetic esters. The latter y-diketones especially are 
important, because by an intramolecular change, causing the loss of water from 
CO and CH3, they condense to cT/eZohexenone derivatives (Ann. 288, 323), and 
with ammonia yield hydropyridine bodies. Acetone condenses with acetoacetic 
ester, forming wopropylideneacetoacetic ester (p. 481) (Ber. 30, 481). 
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(24) Acoioacetic ostor condenses similarly with orthoformic ester to the 
ethoxymethylone derivative (CgHfjOg) : CHOCgHg, and to the methenyl deriva- 
tive (C«H«03) : CH-(CeHo03) (Ber. 26, 2729). 

(25) Cyanogen unites with sodioaeetoacotic ester, forming the sodium com- 
pound of a-acetyl-j8-cyano-^-iminopropionic ester, and of aa'-diacetyl-)9j3^-di- 
imino -adipic ester (Ber. 35 , 4142) ; 


CN -CINH 




XJOCH, 

-COjR • 


(26) Phenols condense with ac-etoacetic ester to form coumarins (Vol. II) 
(Ber. 29 , 1794) ; quinones (Vol. II) form cunuirones. 

(27) Bihydrocollidinedicarboxylic ester is obtained smoothly by the inter- 
action of aldehyde-ammonia and ethyl acetoacetate (Hantzsch’s pyridine synthesis, 
Vol. III). 

Methyl acetoacetate^ b.p. 169°. 

Ethyi acetoacetate. Acetoacctic ester, CHa CO-CHg-COOCgHg, b.p. 181°/ 
760 mm., b.p. 72°/12 mm., Dgo 1 *0256 is a colourless, mobile, pleasant -smelling 
liquid, slightly soluble in water and volatile in steam. Ferric chloride solution 
yields a violet colour, the reaction being due to the onol-form. It is broken down 
by acids with the formation of acetone, and by alkalis with the formation of 
acetic acid (see (2) above). 

Liquid acetoacetic ester consists at room temperature of : 

92-6% JAc^o-form, m.p. — 39°, b.p. 40-41 °/2 mm., 1-4225 
7-4% Enol-ioTJxi, liquid v/V/ L4480. 

The separation of the keto and enol constituents of ethyl acetoacetate has 
been carried out by the following methods : 

1. Freezing out of the pure koto-form at — 78° (Knorr, Ber. 44 , 1147). 

2. The enol -form is obtained by the action of dry hydrogen chloride on ethyl 

sodioacotoacetate at — 78°. 

3. By fractional distillation of the equilibrium mixture (Bor. 53, 1410 : 

54 , 579 : J.A.C S 50 , 3048). 

4. By shaking out the keto-form with petroleum ether (Ann. 380 , 231). 

It has been suggested {Sidgwick, J.C.S. 127 , 907) that the structure of the 
enol-form is more accurately represented by a “ chelate-ring ” structure, con- 
taining a co-ordinate linkage, than by the ordinary open -chain formula. This 
is based on the greater volatility of the enol- than tlie koto -form and the greater 
solubility in water of the keto-form (see p. 31) : 

O 


CHa-C H 

CH3-C{0H) : CH COOEfc || f 

Open-chain lonnula. HC O 

C 

I 

OEt 

Chclatc-rinp formula. 

At room temperature, the pure keto-form rapidly changes in part to the 
enol-form, with formation of the equilibrium mixture. 

Quantitative estimation of enol-form, see p. 50 : factors influeiudng the rate 
of attainment of equilibrium, see Bull. Soc. Chim. 35 , 762 : rate of change of 
pure ester, see J.A.C.S. 50 , 3048. 

Metallic derivatives. 

The sodium derivative, CH3(CONa) : CHCO2C2H5, crystallizes in long needles. 
Copper derivative (CgH903)2Cu, is produced when a copper acetate solution is 
shaken with an alcoholic solution of acetoacetic ester. When boiled with methyl 
alcohol, it undergoes alcoholysis, and is converted into (CflH903)Cu0CH3 (Ber. 
35 , 539); aluminium salt, m.p. 80°, b.p. 194°/8 mm. (C. 1900, I. 11). 

The thallium derivative, m.p. 91-92°, is precipitated when thallous hydroxide 
solution is mixed with ethyl acetoacetate dissolved in alcohol. It is readily 
soluble in organic solvents (J.C.S. 127 , 2372). 
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Homologous |3-Ketonic Esters. 


Acid. 


Formula. 


B.p. of 
Ethyl Ester. 


B.p. of 
Methyl Ester. 


Methj'lacotoacetic 
Ethylacetoacetic . 
Dimetliylacetoacotic . 
Methylethylacotoacot ic 
Propylacetoacetic 
Diethylacetoacetic 
Propionylacetic 
Butyrylacetic . 
Butyrylbutyric 
Butyryl/^obutyric . 

?Vs-c) But y r\"l /.wbut y r i( * . 
Decoylacetic . 


CH.jCOCHMeCOOH 

CHgCOCHEtCOOH 

rH-jCOCMcgCOOH 

CH vCO CMe Et COO 11 

CHgCOCHPrCOOH 

cnia-CO-CEVCOOR 

C.,H5-C0*CH2-C00H 

CgH^COCH^-COOH 

C,H-COCHEtCOOH 

C^Hl-COCMegCOOH 

CHMegCOCMevCOOH 

CoHi.COCHa-COOH 


187‘^ 

198" 

184" 

198" 

208° 

218" 

92"/17 nun. 


! 223’ 

! 109 /29 nun. 
I 203° 

! ]()5°/13 mm. 


169" 

190° 


85"/14 mm. 


Ethers and Thio-ethers of the )3-Ketonic Acid Esters : ^-J)/vtho.ri/but]/ric 
ester {ortho-ethyl ether of aeetoaeetie ester), CH3C(0C2H5)2CH2C02C2H 5, i.s obtained 
by the inter-reaction at low temperatures of aeetoaeetie and orthoforrnic esters 
under the influence of various reagents (r/. pp. 266, 2i)0). It is an oil, which is 
converted by saponification into the crystallizable sodium salt of /3-diethoxybuty- 
ric acid. This readily gives up COg, and yields into acetone ortho-ethyl ether 
(p. 266). The diethoxybutyrie acid ester decomposes on distillation into alcohol 
and p-cthoocycrotofiic ester (ethyl ether of ae/-acetoacotic ester), CH3C(OC2H5) 
CHCO2C2H5, m.p. 30", b.p. 195'\ This, on saponification, yields ^-cthoxycrotomc 
arid, m.p. 137° ; it can also be formed from sodium ethoxide and /S-chlorocrotonic 
acid (p. 344), and also from aeetoaeetie ester. On heating, it loses COg and is 
converted into ?;Aupropenyl ethyl ether (p. 158) (Ann. 219, 327 : 256, 205). 
Alcoholic sodium etho.xicle changes ethoxycrotonic ester back into di-ethoxy- 
butyu-ic ester (Ber. 29, 1007). fi-M ethoxycrotonic ester, CH3C(OCH.i) : CHCOgCgHg, 
m.p. 188 , is formed from aeetoaeetie ester and diazomethane (Ber. 28, 1627). 

A mixture of the two types of ethers — the ethyl ether of the aci- form and 
the ortho -ether of the keto- form of the j3-ketonic esters — are obtained by boil- 
ing the homologous propiolic acid ester (p. 351) with alcoholic potassium 
hydroxide : 

KC : CCO2C2H3 RCHOCaHg) : CHCO2C2H5 BC(OC2H J2-CH2C02C2H5. 

8imilarlv, propiolic nitrile yields the ether of the ketonic acid nitrile fC. 1904, 
I 059 r 1906, I. 912). 

The ac/-ether is readily hydrolysed by dilute sulphuric acid into the ^-ketone 
acid ether. 

^^-Diethylthiolbutyric ester, 01130(802115)2014200.202115, b.p. 138°/37 mm., is 
decomposed by hydrolysis into mercaptan and ^-ethylthiolcrotonic arid, OH3O- 
(8O2H5) :0HdO2rt, m.p. 91° (Ber. 33, 2801 : 34, 2634). 

Esters of the aci-/3-Ketonic Acid Esters. 

Acid chlorides and also halogen alkyls, acting on sodium acotoa(;etic ester, 
produce mainly the C'-acyl compounds (described latei- among the dike to -carboxy- 
lic esters). Some 0-acyl ester is also formed, which can be obtained as a main 
product, by the action of acid chlorides on aeetoaeetie ester in the jiresence of 
pyridine. The 0-acyl esters are insoluble in alkalis, whilst the 6^-acyl esters are 
soluble, thus providing an easy method of separation. When heated with alkalis 
(potassium carbonate, sodium aeetoaeetie ester, etc.), the 0-acyl esters are trans- 
formed into O-acyl esters. By heating to 240°, O-arretyl aeetoaeetie ester is 
converted to a small ext/ent into di -aeetoaeetie ester (Ber. 38, 546) : 

CH3C(0C0CH3)-CHC02C2H5 CH3CO— CH(C0CH3)C02C2H5. 

Chlorocarbonic ester and sodium aeetoaeetie ester produce almost entirely 
)9-carbethoxycrotonic ester, whilst with the copper salt aeetylmalonic ester is 
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formed (Ber. 37 , 3394). Both sodium and copper acetoacetic esters yielil with 
pheny] iwcyanate acetylmalonanilic ester, CH3COCH(CONHCftH.r;)C02C2H5 
(Ber. 37 , 4627 : 38 , 22). It is therefore difficult to formulate a law for the 
acylation of those esters. 

0-AcctylacetoaceMc ester, ^-acetoxycrotonie ester, CHaCfOCOCH^) : CHCOgCgHg, 
h.p. 98°/12 mm. ; yneihyl ester, b.p. 9o°/17 mm. 0-Butyryl acetoacetic ynethyi 
ester, b.p. 105^yi() mm. 0-Propi()tiylacet()acetic ethyl ester, b.p. 106"yi2 mm. 
(C. 1902, II. 1411). O-Benzoyl ester, m.p. 43 . 

0-Carhethoxy acetoacetic ester, ^-carbethoxyhydroxycrotonic ester, CII3C- 
(OCO2C2H5) •• CHCO2C2H5, b.p. 131714 mm. 

Nitrogen Derivatives of //-Ketone Carboxylic Acids 

Amides. 

Aqueous ammonia acting on acetoacetic ester produces /S-aminocro tonic 
ester (below), and acetoacetic amide, CH3COCH2CONH2, m.p. 50°, which forms a 
crystalline copper salt (Ber. 35 , 583). Methylaeetoaeetic amide, CH3CO-CH(CH3)- 
CONH2, m.p. 73°, and cthylacctoacetic amide, m.p. 96°, are prepared respectively 
from methyl- and othyl-acetoacetic esters and ammonia (Ann. 257 , 213). Simi- 
larly, dimethyl and methylethyl-acetoaeetie esters form amides, m.p. 121° and 124° 
respectively ; di-ethyl acetoacetic ester does not form an amide (C. 1907, I. 401). 

Nitriles. 

Gyanoacetone : Acetoacetic ackl nitrile, CH2CO-CH2CN, b.p.’ 120-125°, is pre- 
pared from imino-acetoacetic nitrile (see below) and hydrochloric acid ; also by 
the transformation of a-methyl isoxazole (p. 407) (Ber. 25 , 1787). On heat- 
ing it polymerizes suddenly. It cannot be obtained from chloroacetono and 
KCN. Chloroethyl methyl ketone and chloromethyl ethyl ketone do, however, 
react smoothly with potassium cyanide to form ol- methylaeetoaeetic nitrile, 
CU.COCH{CHACN, b.p. 146° and propionylaceto nit rile, CHaCH.^^OCHoCN, 
b.p. 165° (C. 1900, I. 1123: 1901, 1. 96). 

The reaction of aniline, hydrazine. phenvUiydrazine and semicarbazide, 
hydroxyl amine, nitrous ecid, nitric oxide, diazomethane, b(mzono, diazo-salts, 
urea ancl the amidines, with )3-keto-carboxyIic esters are described on pp. 471, 
472 (Nos. 7-13), in which the formation of pyrazolones from the /S-keto-acid 
esters and the hydrazines is again to be remarked ; see phenyl methylpyrazolone 
and antij)yrino (Vol. III). 

p-Aminoerolonic ester, or I mino -acetoacetic ester, CHgCXNHg) : CHCO2C2H5, 
or CH3C(NH)CH2C02C2ll5, two modifications, ni.pp.20°and 33° (Ami. 314 , 202), 
is prepared from acetoacetic ester or /3-chlorocrotonic ester (p. 344) and ammonia 
(Ber. 28 , R. 927). Aqueous hydrochloric acid converts it back into acetoacetic 
ester. Hydrochloric acid gas forms a salt which is decomposed by heat at 130° 
into ammonum chloride and 8-ole fine lactone carboxylic ester, p^cado-lut ido- 
styril carboxylic ester (Ber. 20, 445 : Ann. 236 , 292 : 259 , 172). NaClO and 
NaBrC) produce chloro- and bromo-arnino-crotonic esters, CH3C(NHX) : CHC()2R, 
which, on treatment with acids, lost NH3, and are converted into a-chloro- and 
a-bromoac('toacetic ester (Ann. 318 , 371). On t.he action of nitrous acid, see 
Hci*. 37, 47. Rhenyl /weyanate and mustard oil combine with aminocrotonic 
ester, and form a mixture of N- and C- derivatives (Ann. 314 , 209 ; 344 , 19) : 

(C«H5NHC0)-NHCCH3 NH2CCH3 

11 and 1 1 

HCCO2C2W5 ((\H,Nll(H)) C -t’O.C.H, 

(RN 11C\S)-N HCCH3 NH2( VH., 

II and 11 

HCCO2C2H5 (RNHCS)CC02C2ll5 

^-Aminoerotonie acid nitrile, imino-acetoacetic nitrile, CH3C(NH2) : CHCN 
or Cll3(l(NH)-CH2CN, m.p. 52°, results from the condensation of two molecules 
of acetonitrile by means of metallic sodium (J. pr. Cheni. [2] 52 , 81). 

Homologous ^^-alkyla?nino- and ^-di-alkylamino -acrylic esters, (021^5)2^^^^^ •- 
CCO2C2H5,' and nitriles, C2H5CH2NHCR : CHCN, are prepared by the addition 
of aminos to the homologous propiolic esters and nitriles. Acids easily decompose 
them into the )S-ketonic acid esters or nitriles, and amines (C. 1907, I. 25). 
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A dinitrocnproic acid, CH3C(N02)2C(CH3)2C02H, m.p. 215° with decomposition, is 
formed wlien camphor is boiled for a long time with nitric acid. It can be looked 
on as being a derivative of a-dimethyl acetoacetic acid (Ber, 26, 3051). 

Halogen Substitution Products of the y^-Ketonic Esters 

Chlorine alone or in the presence of sulphuryl chloride acting on a(;el,oacetie 
ester replaces the hydrogen atoms both of the CHg and CH3 groups by chlorine. 
The hydrogen of the CHg group is first substituted. 

oi-Oiloroacetoacetic ester. CHgCOCHClCOgCgHg, b.p. 109°/10 mm., possesses a 
penetrating odour. y-Chloroacctoacetic ester, ClCHgCOCHgCOaCgHg, b.p. 105'Vll 
mm., is prepared by the oxidation of y-chloro-j8-hydroxybutyric ester with chromic 
acid ; also synthetically, from chloroacetic ester and aluminium amalgam. 
Copper salt, m.p. 168° (decomp.) forms green crystals (C. 1904, I. 788 : 1907, 
I. 944). CL-Bromoacetoaeetic ester, CH3C0*CHBr C02C2H5, b.p. 101-104°/12 mm., 
is obtained from acetoacetic ester and bromine in the cold (Ber. 36, 1730). 
HBr converts it gradually into y-brornoacetoacetic ester, CHgBr-CO CHgCOaCgHg, 
b.p. 125°/9 mm. (Ber. 29, 1042). This substance is also formed from bromo- 
acetic ester and magnesium (Ber. 41, 954). 

The constitution of these two bodies has been established by condensing them 
with thiourea to the corresponding thiazole derivatives. 

oicii-Dichloroacetoacetic ester, CH3COCCI2CO2C2H6, b.p. 205°, is a pungent- 
smelling liquid. Heated with HCI it decomposes into a-dichloroacetone, CH3- 
COCHClj, alcohol, and CO2 ; with alkalis it yields acetic and dichloroacetic acids. 
xx-Dibromoacetoacetic ester is a liquid ; it yields the dioxime, CH3C(NOH)- 
C(X0H)C02C2H 5, m.p. 142°. ony-Dibromoacetoacetic ester, CHgBr'CO-CHBr-- 
CO2C2H5, m.p. 45-49°. 

According to Demar^ay (Ber. 13, 1479, 1870) the y-bromo-moho-alkylaceto’ 
acetic esters, when heated alone or with water, split off ethyl bromide and yield 
peculiar acids ; thus, bromomethyl acetoacetic ester gave tetrinic acid or me thy 1- 
tetronic acid, whilst bromoethyl acetoacetic ester yielded pentinic acid or ethyl - 
tetronic acid {L. Ann. 291, 226): 

COCH2Br -C.HftBr C(OH)CH2\ 

I = ^ II >0 

rHaC’HCO-OC^Hg CH3C co/ 

Tetrinic acid = MetliyJtetronlc acid. 

These acids will bo discu.ssed later as lactones of hydroxy-ketonic acids, 
together with the oxidation products of triacid alcohols. 

The y-dibrorno -mono -alkyl acetoacetic esters, treated with alcohohc potassium 
hydroxide, yield hydroxy tetrinic acid, hydroxypentinic acid, etc. Gorbow 
(Ber. 21, K. 180) foimd them to bo hoinologues of fumaric acid. Hydroxy- 
tclnnic acid is raesaconic acid {q.v.) ; whilst hydroxypentinic acid is ethyl 
fumaric acid {q.v.), etc. 

The formation of these olefine dicarboxyhc acids from yy-dibromo-inono- 
alkyl acetoacetic esters is easily explained on the assumption that the koto- or 
aldehyde acids are first formed, which are then converted into the misaturated 
dicarboxyhc acids : 

CHBrg CHO COOH 

I ^ I ^ I 

C0 CH(CH3)C02K C0 CH(CH3)C()2R CH : C(CH3)C02K 

The y-hroino -dialkyl acetoacetic esters, however, behave differently, giving 
rise to lactones of y -hydroxy -/3 -ketone carboxylic acids (Conrad and Gast). The 
bromine atom of the y-bromo -dimethyl -acetoacetic ester (1, below), can bo 
replaced by acetoxyl, producing the y-acetoxy -dimethyl -acetoacetic ester (3), 
which gives up methyl acetate and changes into y-hydroxy-dirnethyl -acetoacetic 
acid lactone (2). Bromine, entering the inol(^cule of the y-acetoxy-dimethyl- 
arretoacetic ester, becomes attached to the y-carbon atom, producing a compound 
which has not been isolated. The action of water on this is tlie immediate 
production of the lactone of y-dihydroxy-dimethyl-acetoacetic acid (4). Its salts 
are those of an aldehyde-ketone-carboxylic acid, which is converted by alkalis 
into )3-dimethyl malic acid (6) ; whilst on fusion a keto -aldehyde — iaobutyryl- 
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formaldehyde (p. 400) — is formed ( 6 ). The inter-relations of these compounds 
are shown as follows (Ber. 31, 2726, 2954): 


CH,^-C0--C(CH3)2 
(1) I I 

Br CH 3 OCO 

CHjj— CO— C(CH3)2 
(3) I 1 

OCOCH 3 CO 2 CII 3 

OCH— C0CH(CH3)2 

( 0 ) 


-f C 02 





CH 2 — CO— C(CH 3)2 


1 

1 

(2) 

0 — — 

^CO 


novB 

-CO— C(CH 3 )o 


1 

1 

(4) 

0 



HO(U)- 

Y 

-CH(OH)— C(CR 3 ); 
1 

2 


HOCO 



The action of ammonia on y-bromo-dimethyl-acotoacetic ester to form thft 
lactam of y-amino-dimethyl-acetoacetic. acid — dimethyl ketopyrrolidone — 
which is broken down by hydrochloric acid into amino -dimethyl-acetone (p. 397) 
(Ber. 32, 1199). 

y-Trichloroacetoarc.tlc ester, CCI 3 COCH 2 CO 2 C 2 H 5 , b.p. 234°, is also prepared 
syotbetically from chloral and diazoacetic ester (p. 459) (Ber. 40 , 3001). 


III. y-Ketonic Acids 

These acids are distinguished from the acids of the /3-variety by 
the fact that when heated they do not yield CO 2 , but split off water 
and pass into unsaturated y-lactones. They form y-hydroxy-acids 
on reduction, which readily pass into saturated y-lactones. An in- 
teresting fact in this connection is that they yield remarkably well 
crystallized acetyl derivatives when treated with acetic anhydride. 
This reaction, as well as the production of unsaturated y-lactones, 
on distillation suggests tlie possible formulation of the y-ketonic acid 
as the tautomeric y-hydroxylactones. Spectroscopic investigations 
have shown that free laevulinic acid possesses the open-chain keto- 
formula, while the acetyl derivative corresponds to the hydroxylactone 
structure (v. Auwers, Ber. 52, 584) : 

CH3-CO-CH2-CH2 CH 3 -C(OH)-CH :2 t^tl2 CH3-C(OOC CH3)CH,CH2 CH3C : CH CHo 

I or 1 1 > 1 1 1 1 

COOH O— CO O CO O CO. 

Lfflvulinic acid. Acctyllsovulinic acid. a-Angclicii lactoue. 

Laevulinic acid, j] - acetopropionic acid, y - ketovaleric acid, 

[4 - pentanone acid], CgHyOa = CHa'CO-CHj-CHj-COaH, or 

I ^ I 

CH 3 *C(OH) CH 2 CHaCOO, m.p. 32-5° ; b.p. 144712 mm., b.p. 2397760 
mm., with shght decomposition, is isomeric with methylacetoacetic 
acid, which may be designated a -acetopropionic acid. 

(1) Laevulinic acid can be obtained from the hexoses [q.v.) on 
boiling them with dilute hydrocliloric or sulphuric acid. It is more 
easily obtained from laevulose — hence the name — than from glucose. 
It is prepared by heating sucrose or starch with hydrochloric acid 
(Ber. 19, 707, 2572 : 20, 1775 : Ann. 227, 99). Its constitution 
is evident from its direct and also indirect syntheses ; (2) from the 
mono-ethyl ester of succinyl monochloride, ClCO-CHj-CHjCOaCgHg, 
and zinc methyl (C. 1899, II. 418) ; and by boiling the reaction- 
product of chloroacetic ester and sodium acetoacetic ester — aceto- 
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succinic ester — with hydrochloric acid or barium hydroxide solution 
{Conrad, Ann. 188 , 223) : 

CH 3 COCH. ciC]I,CO,C,Tf.CH 3 COCH-CH,CO«C,H 3 uci CHaCOCH^CH^CO^H 

I ^ I ^ 

CX^oC.Hs + CH), 

It is also obtained (3) bv the action of concentrated H 2 SO 4 on 

I I 

methyl gUitolactonic acid, CH 3 C(C 02 H)CHoCH 2 C 00 ; (4) by the 

oxidation of its corresponding y-aeetopropyl alcohol (p. 395), (5) by 
the oxidation of methylheptenone (p. 27()), of linalool and geraniol, 
two bodies belonging to the group of olefine terpenes. ( 6 ) By hydro- 
lysis of erotonaldehyde cyanohydrin with warm hydrochloric acid 
and the transformation of the propen}"! glycollic acid thus formed 
(p. 452). 

Lsevulinic acid dissolves very readily in water, alcohol and ether, 
and undergoes the following changes : (1) By slow distillation under 
the ordinary pressui'c it breaks dowm into water and a- and /)- angcdic 
lactones (p. 453). (2) When heated to 150-200° with hydriodic acid 

and phosphorus, Isevulinic acid is changed to 7 ^ -valeric acid. (3) By 
the action of sodium amalgam sodium y-hydroxj^valerate is produced, 
the acid from wliich changes into y-valerolactone. (4) Dilute nitric 
acid converts lacvulinic acid partly into acetic and malonic acid and 
partly into succinic acid and carbon dioxide. The action of sun- 
light on an aqueous solution of the acid is to j)roduce a certain 
quantitv of methvl alcohol, formic and propionic; acids (Ber. 40 , 
2417). ' 

(5) Bromine converts the acid into substitutkm products (p. 479). 

( 6 ) Iodic acid changes it to bi-iodo-acetoacrylic acid. 

(7) P 2 S 3 converts it into thiotolen, C 4 H 38 *CH 3 (Vol. 111). For 
the behaviour of laevulinic acid with hydroxylamine and phenyl- 
hydrazine consult the paragraph relating to the nitrogen derivatives 
of the y-ketonic acids. 

Nvde as-synihetic lieactions : ( 8 ) Hydrocyanic acid and laevulinic acid 

i i 

yield the nitrile of methyl glutolactonic acid : CH 3 *C(CN)CH 2 CH 2 COO 
(see above). (9) Benzaldehyde and laevulinic acid condense in acid 
solution to />-benzal hevulinic acid, and in alkaline solution to c5-benzal 
laevulinic acid (Ann. 258 , 129 : Ber. 26 , 349). (10) Electrolysis of 

potassium laevulinate results in the production of a^-diacetyl butane 
(p. 405) (Ber. 33, 155). 

Laevulinic Acid Derivatives. — Tho culciuni salt (CV,H7()3)2t-a + 2H2O ; 
silver salt, C^H^OgAg, is a characteri.stif, cryntalline precipitate, diHsolving in water 
witti difficulty ; methyl ester, Cj,H 7 (CH 3 ) 03 , b.p. 191*^ ; ethyl ester, b.p. 200 ’ : 
phenylhydrazone, rn.p. 103^". 

CH 3 COO oco 

Aretyllanyalinic arid, y-acetoxyl-y-valerolactone, | , in.p. 

CH 3 CCH 2 CH 2 

78 , iw particularly noteworthy. It m formtHl from laevulinic acid and acetic 
ardiydridc ; from wilver laevulinate and ac€dyl chloride ; from Uevulinic chloride 
and silver acetate ; as well as from a-angelic lactone and acetic acid. The last 
method of formation, as well as the formation of a- and /3-angelic lactone by 
heating acetoltevulinic acid are most easily understood upon the assumption that 
the (jonstitution is really as indicated in the formula shown above. Spectro- 
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Bcopic data also support tho acetoxylactono formula for the compound (Ann. 
256 , 314 : Bor. 52 , 584). 

Lirmdinlc chloride, y-chlorovalcrolactouc, Cn-jCClCHgCHgCOO, b.p. 80°/15 
mm., is produced by tho addition of HCl to a-angelic lactone, and by the action of 
acetyl chloride on laftvulinic acid (Ann. 256, 334). Lmvulinamidef y-amino- 

valcrolactonc, CH 3 C(NH. 2 )CH 2 CHj,COO, m.p. 107°, has been obtained from 
lawulinic ester, and from a-angelic lactone and ammonia (Ann. 229 , 249). 

Homologous laBVulinic acids are obtained from the homologuos of aceto- 
succini(; ester (p. (>22) : 

P-Mcthylla'nuli7iic acid, p-acctohutyric acid, CH 3 C 0 -CH(CH 3 )CH.,C 02 H, 
m.p. — 12°, b.p. 242°, is prepared from a-methyiacetosuccinic ester. It forms 
a difficultly soluble sernicarbazono ((\ 1900, li. 242), oL-methy/la'calinic acid, 
^-acctylmohviyrlc acid, CH3C()-Chf2CH(CH3)C02H, in.p. 248°.^ Howohcvnlinic 
acid, h-nu-thylhr'imlitiic acid, CH 3 CiJ 2 CO*Cil 2 CH 2 COOH, m.p. 32°, is obtained 
from jSy-dibromocaproic acid (Ann. 268 , 09), together with one of tho 
hydroxycaprolaclones. a- Ethylla‘culinic acid, CH 3 C 0 CH.CH(C 2 H 5 )CX) 2 H, m.p. 
250-252°. 

Mesiionic acid, oLOL-dinuthyllaculitik acid, CH 3 C 0 *CH 2 C(CH 3 ) 2 C 02 H, m.p. 
74°, b.j). 138°/15 mm., is ol)tained by the action of alcoholic potassium cyanide 
solution on uK'sityl oxide, (dl.^COCH : C(f’H 3)2 (p. 273). The nitrile, C'HaCOCHg- 
((’H 3 ) 2 CN, is formed as an intermediatt^ proiiuct, and can be formed from mesityl 
oxide hydrochloride by K(’N. Mesityl oxide and hydrocyanic acid in excess 
produci^ the cyanohydrin of mt'sitonic nitrile, the dinitrile of the so-called mesitylic 
acid, which decomposes on Ixung heal(>d with hydrocliloric acid into formic and 
mesitonic acids (C. 1901, II. 1108: B(‘r. 37 , 4070: Ann. 247 , 90). Mesitonic 
acid is converted into diinet liylinalonic acid when oxidized with nitric acid. 

j^^-DimcthylUrindinic acid,^ (;H 3 C()CX(d-l 3 ) 2 -(Tl 2 C 02 ll, b.]). 151°/! 8 mm., 

T*esults from a-////.v////o-dim('thvlsuecinvI cliloride an<l zinc methyl (C. 1899, 
11.524). 

hh-Di tnctltylUi'vuHnic add, (CH 3 ) 2 CJI (3)*('H2(_ HoC'UgH, m.p. 40 , is prepared 
from the result of the double ({(‘composition of y-broino-dimethyl-acetoacetic 
esU'r and sodium malonic ester, liy lu'ating it with clilute sulphuric acid (Ber. 30 , 
804) ; by oxidation of dimethylacetonylacetone (p. 405) (Ber. 31 , 2311) ; from 
dibromo-hsoh('pt()ic acid and soda solution (Ann. 288 , 133) ; by oxidation of 
various terpi'iie d(Tivativ('s (Vol. II), such as thujone. 

^h-T)inicthylUvndinic acid, CH 3 CH 2 COCH(CH 3 )(!H 2 C'OOH, b.p. 154°, is 
}H-oduced from y-et hylidene-/J-inethvl butyrolactone, a degradation product of 
dicrot onic acid ((/.?\) ; also by the splitting-up of aa^-dimethylacetonedicarboxylic- 
a-acetic (^ster (Ber. 33 , 3323). 

CUijrroyl iaobutyric acid, C5HiiC()(dl2C'H(CH3)C02H, m.p. 33 \ b.p. 190°/33 
mm. (C. 1905, II. 1782). 

Halogen y-Ketonic Acids. — oL-Bromohrcid i n ic acid, CHaCOCHgCHBrCOaH, 
m.p. 79 , is produced when HBr a(*te (^n j3-acetoacrylic acid. Boiling w^ater 
converts it into a -hydroxy Ux*vul in ic acid ((/.e.). 

^-BronioUvmdinic acid, CIl3C0CHBrCH2C02H, m.p. 59’, is produced in the 
brornination of hevulinie acid, as well as by the action of water on the addition 
product of bromine and a-angelic lactone. Warming with sodiimi hydroxide 
converls the jS-bromolievulinie acid into a-hydroxyhevulinic acid and /3-acoto- 
acrylic acid. Ammonia converts the /3-bromoljnvulinic acid into tetramethyl 
pyrazine, whilst aniline produeixs 2.3-dimethylindole (Ber. 21 , 3360). 

Oip-DibromoUvindinic acid, CHaCOCHBrCHBrCO.^H, m.p. 108°, is prepared 
from j3-acetoacrylic acid and Br,. ^h-Dihromola'mdinic acid, CHoBrCOCHBr- 
CyH2C02H, m.p. 115°, is produced in the brornination of hevulinic acid. It yields 
diacetyl and glyoxylprojiionic acid, H0C C 0 ‘CH 2 CH 2 C 02 lI, when it is boiled 
with water. Concentrated nitric acid c(mverts it into dibromodinitromethane 
and monobromosuccinic acid, whilst with concentrated sulphuric acid it yields 
tw^o isomeri(^ dibromoc^/^^cpentenedioiies (Vol. II). 

Nitrogen Derivatives of the y-Ketonic Acids. 

I I 

(1) LwvulinamkU, CHjCOCHjCHjCONHj or CHjtXNHajCHjCHaCOO, m.p. 
107° (see above). 



480 


ORGANIC CHEMISTRY 


(2) Action of hydrazine^ NHjNH, : Lcevulinic hydrazide, CHaCOCHjCHg- 
CONHNHg, ni.p. 82°. On the application of heat it passes into a lactazam 

I I 

(p. 401) — '^-mcthylpyridazinone., CH3(C- N*NH)CH2CH2CO, in.p. 94° (Ber. 

26, 408 ; J. pr. Chem. [2] 50, 522). 

(3) Action of phcnylkydrazincy NHaNHCgHg : The first product is a hydra- 
zone, which yields a lactazam when heated. Lccvulinic phenylhydrazonet 
CH3C( =^NNHCeH5)CH2CH2C02H, m.p. 108^’. This passes into ^-ynethylphenyl- 
pyridazolonc y m.p. 81° (Ann. 253, 44). When fused with zinc chloride it becomes 
2-inothylindoleacetic acid, 

ZiiCl, HOCO*CH ‘OH lioat CO — CH2 — CII2 

NH— CCH3 CeHjNH-N : CCH3 C.H^N N : CCH3 

Methyliudoleacetic acid. Methylphenylpyridazoloue. 

Mesi tunic acid phenylhydrazonCy CH3C( : NNHCeHj-)CH2C(CH3)2C02H, m.p. 

121-5°, passes into trimethyhN -jdienylpyridazoloyieyQ ^ ^ 

m.p. 84° (Ann. 247, 105). 

(4) Action of hydroxylamine : Lccvnlinic oxirncy CH3C(NOH )(dl2CH2C02H, 
m.p. 95° (Ber. 25, 1930), undergoes rearrangement in presence of concentrated 

CH2COv 

sulphuric acid into succinyl methylimide, | ^NCHg. 

CH2CO/ 


IV. (5-Ketonic Acids, etc. 

Such acids have been prepared from acetylglutaric acids (q.v,) by the elimina- 
tion of COg. On reduction they yield 8-lactones (p. 428). 

y^Acetobutyric acidy CH3CO CH2CH2CH2CO2H, m.p. 13°, b.p. 275°, is formed 
by the oxidation of 8-acetobutyl alcohol (p. 395) ; and from dihydroresorcinol by 
barium hydroxide solution. Sodium ethoxide changes it back into dihydroresor- 
cinol. 

y’EthyUy-acetobutyric acidy CH8C0-CH(C2H5)CH2CH2C02H, b.p. 173°/10 mm., 
b.p. 280'. yy-Dimethyl-y-acctobutyric acidy CH3-COC(CH3)2CH2CH2COOH, m.p. 
48°, is obtained from aa-dimethylglutaric ethyl ester acid chloride and zinc 
methyl (C. 1899, 11. 524) ; also froin ^^^olauronolic acid and /3-campholenic acid 
by oxidation (C. 1897, T. 2o). y-Butyrobutync acidy CH8CH2CH2CO -01120112- 
OH2CO2H, m.p. 34 , from coniine (Vol. Ill) and H2O2. 

Cert ain higher ketonic acids have been prepared by the oxidation of hydro - 
aromatic compounds of the terpene group, and are important in determining the 
constitution of the latter. Other ketonic acids result from the hydration of 
acetylene carboxylic acids by means of concentrated sulphuric acid. A case in 
point is ketostearic acid, from stearolic acid (p. 352), which is produced on treating 
oleic and elaidic di-bromides with alcoholic potassium hydroxide. See oleic 
acid (p. 348) for the value of these ketonic acids in determining the constitu- 
tion of the olefine and acetylene carbonic acids, which are closely related to 
them. 

j3-f«oPropyl-8-acetyl valeric acid, (JH3CO-CH2’CH2CH(C8H7)CH2C02H, m.p. 
40°, b.p. 192°/20 mm., is prepared from tetrahydrocarvone (Vol. 11). ^-Methyi- 
b-isohutyrylvaleric acidy CH3CH(CH3)CO-CH2CH2CH(CH3)CH2C02H, b.p. 
186°/20 mm., is prepared from menthone (Vol. 11). Uyidecanonic acui, CHjCO- 
[CH2]8C02H (?), m.p. 49°, is formed from undecolic acid (p. 352). 

6-Ketoiftearic acidy CH8[CH2]8CO[CH2]7C02H, m.p. 83°, is obtained from chloro- 
ketostearic acid (Ber. 29, 806), and is a transposition product of ricinoleic acid 
(p. 354). 

I- Ketostearic acidy CH3[CH2]7CO[CH2]8C02H, m.p. 76°, is obtained from 
stearolic acid (p. 352) by the action of concentrated sulphuric acid ; also by 
heating the salt of dihydroxystearic acid, produced by the oxidation of this acid 
by KMn04 (J. pr. Chem. [2J 71, 422). Consult oleic acid (p. 348) for the decom- 
position of its oxime. 
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B. UNSATURATED KETONIC ACIDS 

(i) Ketencarboxylic Acids 

^Eihylketencarboxylic Acid. Tho ethyl ester, C 2 H 5 (C 2 H 6 -C 02 )C : CO, b.p. 
48°/15 mm., is a colourless liquid, obtained from ethylbroinomalonic chlorides 
and zinc and distillation of its polymer, diethylci/cZobutanedionedicarboxylic 
ester under 15 mm. pressure (Ber. 42, 4908). 

Ketenacetalcarboxylic ester {diethoxy acrylic ester), CgHgCOg-CH : C{OEt) 2 , 
b.p. 128°/12 mm., is a highly refractive liquid, obtained from cyanoacetic ester 
by way of the imidoether and orthoether by distillation under 12 mm. (Reitter 
and Weindel, Ber. 40, 3360). a.-Chloro-^-diethoxy acrylic ester, CoHsCOg-CCl 
C(OEt) 2 , b.p. 157-1 59°/50 mm., is obtained from trichloroacrylic ester and sodium 
ethoxide (Ann. 297, 319). 

(ii) Olefineketonecarboxylic Acids 

^-Ketonic Acids. — Ethylideneacetoacetic ester, CH 3 -CO-C(:CHCH 3 )COOH, 
b.p. 211 °, results from the action of hydrochloric acid, ammonia, diethylamine or 
piperidine on aldehyde and acetoacetic ester (Ann. 218, 172 : Ber. 29, 172 : 
31, 735). Magnesium methyl iodide converts it into a salt of ^.sopropylaceto- 
acetic ester (C. 1902, I. 1197). 

iaoPropylideneacetoacetic ester, CH 3 CO*C(:CMe 2 )COOH, b.p. 215°, is pre- 
pared from acetone and acetoacetic ester by the action of HCl and then of quino- 
line (Ber. 30, 481). 

imHeptenoylaceiic acid, (€ 113)20 : CCHaCH^COCRgCCaH, is prepared from 
?«ohexenylpropiolic acid (method of formation 5, p. 469) ; ethyl ester, b.p. 
127-130°/14 mm. (C. 1903, I. 1019). 

y-Ketonlc Acids : p-Acetoacrylic acid, OH 3 CO CH : CHCOgH, m.p. 125°, is 
derived together with ^-hydroxylaevulinic acid from / 3 -bromolsevulinic acid, and 
also from chloralacetone upon digestion with a soda solution. It combines with 
bromine and with hydrobromic acid, forming a)3-dibromolievulinic acid and 
a-bromol 8 Bvulinic acid (Ann. 264, 234). For constitution of j 3 -acetoacrylic acid, 
see Ber. 35, 1157. 

p-Tri chlo roacetoacrylic acid, trichlorophetw malic acid, CClsCO'CH : CHCO 2 H, 


or CCl 3 -C(OH)CH : CHCOO, m.p. 131°, is obtained from benzene by the action 
of potassium chlorate and sulphuric acid (Ann. 223, 170 : 239, 176). It breaks 
up into chloroform and maleic acid when boiled with barium hydroxide. 

It yields acetyltrichlorophenoinalic acid, CCl 3 C(OCOCH 3 )CH : CHUod), m.p. 
86 ° (Ann. 254, 152), when treated with acetic anhydride. Perchloroacetylacrylic 
acid, CCI 3 COCCI : CC 1 -C 02 H, m.p. 83-84° (Ber. 26, 511), and other chlorinated 
acetyl acrylic and acetyl methyl acrylic acids (Ber. 26, 1670), are formed from 
the decomposition of benzene derivatives which have previously been chlorinated. 

Oip-Dibronio-P-acetylacrylic acid, CHaCO-CBr : CBrCOOH, or CH 3 -C(OH)CBr 


CBrCOO, m.p. 78°, results upon treatmg a-tribrornothiotolen with nitric acid. 
Its remarkably low (conductivity points to a lactone formula (Bor. 24, 77 : 
26, K. 16). 

S-Ketonic Acids. — Chlorinated S-ke tonic acids have been obtained from the 
ketochlorides of resorcinol and orcinol, e.g. trichloroacetyltrichlorocrotonic acid, 
CCI 3 CO CCI : CHCCI 2 CO 2 H (Ber. 26, 317, 504, 1666). 
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The salts and esters of carbonic acid are derived from an acid 
of the formula C 0 ( 0 H) 2 , which, although it may be regarded as 
hydrox^dormic acid, differs sufficiently from the other hydroxy acids 
to merit separate treatment. It behaves as a weak dibasic acid. 
The free acid, like most compounds containing two — OH groups 
attached to the same carbon atom, is unstable, and breaks down on 
liberation into the anh 3 ^dride, carbon dioxide, CO 2 , and water. Deriva- 
tives of orthocarbonic acid, C(OH) 4 , are known, but the free acid, like 
metacarbonic acid (ordinary carbonic acid), breaks down immediately 
on liberation into CO 2 + 2 H 2 O. 

In the system on which this book is arranged, all compounds 
derived from methane by the replacement of all four hydrogen atoms 
by monovalent residues can be regarded as derivatives of ortho- 
carbonic acid, and such compounds as chloropicrin, CCI 3 NO 2 , tetra- 
nitromethane, C(NO?) 4 , will be treated as such. The tetraamino 
derivative C(NH 2)4 does not exist, but in reactions where it is expected, 
ammonia is liberated and guanidine, (NH 2 ) 2 C : NH, is formed. 

Carbon dioxide, CO 2 , is the final combustion product of carbon. 
Under favourable conditions the carbon of every organic substance 
will be converted into it. In the quantitative analysis of carbon 
derivatives carbon is determined in the form of CO 2 (p. 2 ). 

Liquid carbon dioxide is a good solvent for many organic sub- 
stances, especially those mat are more volatile, a behaviour which 
resembles the organic solvents (C. 1906, I. 1239). 

•Several of the methods for the formation of carbon dioxide, which 
are especially important in organic chemistry, may be mentioned here. 
Carbon dioxide is developed from fermentable sugars in the alcoholic 
fermentation process (p. 140). It is readily formed by the oxidation 
of formic acid (p. 280), into which it can be converted by reduction 
(Ber. 28 , R. 458) ; and can be withdrawn from the carboxylic acids 

containing the carboxyl group, — when hydrogen will enter 

where the carboxyl group was first attached. Those poly carboxylic 
acids, containing two carboxyl groups in union with each other, 
or two and more carboxyls linked to the same carbon atom, readily 
part with carbon dioxide on the application of heat. In the latter 
case carboxylic acids result, in which each carboxyl surviving is 
attached to a separate carbon atom, e.g, : 

Malonic acid, UO^C CH^ CO^Jl CO^ + CH3 CO2H. 

The / 5 -ketonic acids behave similarly (p. 466), losing CO 2 and 
yielding ketones : 

Acetoaceti« acid, CHgCOCHj’COjH >■ COj and CHgCO CHg. 

482 
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Monocarboxylic acids or their alkali salts can be deprived of CO 2 
upon heating them with NaOH, when it is withdrawn as NagCOg 
(p. 96) : 

CHgCOgNa -f NaOH - NtuCOa + 

The electric current, acting on concentrated solutions of the alkali 
salts of carboxylic acids, splits off carbon dioxide (p. 94), e.g. : 

+ 

2CH3CO2K > CH^Hg + and 2 K. 

The calcium salts of many carboxylic acids are decomposed by heat 
with the production of calcium carbonate and ketones (p. 256), e.g. : 

(CHgCOalaCa CaCOg + CH3COCH3. 

These and similar reactions, in which CO 2 readily separates from 
organic compounds, are of the first importance in the production of 
the different classes of compounds. In contrast to the splitting-off 
of CO 2 in certain reactions we have its absorption by certain organic 
metallic derivatives : nucleus-syntheses, in which carboxylic acids are 
produced : 

CHgMgl -f CO2 = CH3C02MgT ; CH3C ; CNa -f CO. - CH3C i CCOgNa ; 

CflHgONa + CO2 - CeH4<^g2Na Salicylic Acid, Vol. II). 

Esters of Metacarbonic Acid, or ordinary Carbonic Acid 

The primary esters of carbonic acid are not stable in a free con- 
dition. They are prepared from the alcohols and carbon dioxide at 
low temperatures (Ber. 31, 3001). 

Dumas and Peligot obtained the barium salt of methyl carbonic 
acid on conducting carbon dioxide into a methyl alcohol solution of 
anhydrous barium hydroxide (Ann. 35, 283). 

Magnesium methoxide combines with CO 2 to form magnesium 
methyl carbonate (Ber. 30, 1836). 

The potassium salt of ethyl carbonic acid, CgHsO-CO-OK, separates 
in pearly scales on adding CO 2 to the alcoholic solution of potassium 
alcoholate. Water decomposes it into potassium carbonate and 
alcohol. 

The neutral esters are formed (1) when the alkyl iodides act on 
silver carbonate : 

AggCOg + 2 C,lhI - (CgHJgCOg + 2AgT ; 

also (2) by treating esters of chloroformic acid with alcohols, whereby 
mixed esters may also be obtained : 

CHoOCOCl -h HOC.Hg CH3O CO OC3H5 + HCl. 

Methyl ethyl carbonate. 

On application of heat, the higher alcohols are able to expel the lower alcohols 
from the mixed eaters : 

C2H5OCOOCH3 + CaHg-OH = C2H5OCOOC2H5 + CH3OH. 

Methyl ethyl ester. Diethyl ester. 

Hence, to obtain the mixed ester, the reaction must occur at a lower tempera- 
ture. 

As regards the nature of the product, it is immaterial as to what order is 
pursued in introducing the alkyl groups, i.e. whether proceeding from chloro- 
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formic estor, we let ethyl alcohol act on it, or reverse the case, letting methyl 
alcohol act on ethyl chloroformic ester ; the same methyl ethyl carbonate results 
in each case (Ber. 13, 2417). 

Tlie neutral carbonic esters are ethereal -smelling liquids, dissolving 
readily in water. Exce})ting the dimethyl and the methyl ethyl ester, 
all are lighter than water. With ammonia they first yield carbamic 
esters and then urea. When they are heated with phosphorus penta- 
chloride, an alkyl group is eliminated, and in the case of the mixed 
esters this is always the lower one, whilst the chloroformic esters 
constitute the product : 

CgHfiOCOOCHg + PCIg = C^HfiOCOCl - POCb -f CH3CI. 

Carbonic esters are converted to carboxylic esters by alkyl and 
aryl-magnesium halides (Ber. 38, 561). 

Methyl carbonate, CO(OCH 3 ) 2 , b.p. 91°, is produced from chloroformic ester 
by heating it with lead oxide ; methyl ethyl ester, CHgOCOOCgHg, b.p. 109° ; 
diethyl ester, CO(OC 2 H 5 ) 2 , b.p. 126°, is obtained from ethyl oxalate, on warming 
with sodium or sodimn ethoxide (with evolution of CO) ; methyl propyl ester, 

b.p. 131°. 

/OCH 2 

Glycol carbonate, ethylenecarbonate, CO<^ | , m.p. 39°, b.p. 236°, is obtained 

\ 0 CH 2 

from glycol and COClg. 

Derivatives of Orthocarhonic Acid (p. 482) 

Orthocarbonic esters or tetrabasic carbonic esters {Bassett, Ann. 132, 54), are 
produced when sodium alcoholates act on chloropicrin : 

CClalNOa) + 4 C 2 H 30 Na = C(OC 2 H 3)4 -f 3NaCl + NaN 02 . 

Kthyl orthocarbonate, C(OC 2 H 5 ) 4 , b.p. 158°, is a hquid with an ethereal 
odour. When heated with ammonia it yields guanidine (p. 512) and alcohol. 
Alkyl and arvl magnesium halides convert it to ortho -carboxylic esters, 
RC( 0 C 2 H 5)3 ip. 330) (Ber. 38, 563). 

The propyl ester, 0 ( 003117 ) 4 , b.p. 224° ; imbutyl ester, b.p. 245° ; methyl ester, 
m.p. — 5*5°, b.p. 114°, is obtained from chloropicrin and sodium methoxide 
(Ber. 60, 1841). 

The tetrahalogen substitution products of methane can be regarded 
as the halides corresponding with orthocarbonic acid. They bear the 
same relation to the orthocarbonic esters that chloroform, bromoform 
and iodoform sustain to the orthoformic esters. Indeed, tetrachloro- 
and tetrabromomethane and sodium alcoholate do yield orthocar- 
bonic esters, though with poor yield (Ber. 38, 563 : C. 1906, I. 1691). 
The formation of orthocarbonic esters from trichloromethyl sulpho- 
chloride (p. 490) by means of NaOCgHg, see C. 1908, I. 1041. 

Tetrahalogen Substitution Products of Methane 

Tetrafluoromethane, carbon tetrafluoride, CF 4 , is a colourless gas, condens- 
able by pressure. This body belongs to that small class of carbon derivatives 
which can be directly prepared from the elements. Finely divided carbon, e.g. 
lamp black, combines directly with fluorine, with production of light and heat. 

Tetrachloromethane, carbon tetrachloride, CCI 4 , b.p. 76'', Dq 
~ 1*631, is formed ( 1 ) by the action of chlorine on chloroform in 
sunlight, or upon the addition of iodine, and ( 2 ) by action of Cl on 
C 82 at 20-40'', C 2 CI 4 and C^Clg being formed at the same time (Ber. 
27, 3160) ; (3) upon heating C 82 with presence of small 
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quantities of iron : CSg + 2 S 2 CI 2 CCI 4 + 6 S (D.R.P. 72999). 
Preparation of the pure substance, see C. 1899, II. 1098. 

It is a pieasant-smclling liquid solidifying to a crystalline mass at 
— It is an excellent solvent for many substances, and is made 

upon a technical scale. When heated with alcoholic KOH, it decom- 
poses according to the following equation : 

CCI 4 -f 6 KOH = K 2 CO 3 4- 3H2O + 4KC1. 

When the vapours are conducted through a red-hot tube, decomposition 
occurs, and C 2 CI 4 and CoClg are produced. This is an interesting reaction because, 
as we have learned under acetic a(;id (p. 301), it plays a part in the first synthesis 
of this long-known acid. C 2 C]r is produced from CCl^ by means of aluminium 
amalgam (p. 122). When carbon tetrachloride is digested with phenols and 
sodium hydroxide, phenolcarboxylic acids are produced (Vol. II). 

Tetrabromomethane, CBr 4 , m.p. 92-5'^, b.p. 189'’, obtained by the action of 
bromine iodide on bromoforrn or CS 2 , or of bromine and alkali on acetone and 
other compounds (C. 1906, I. 1691), crystallizes in shining plates. 

Tetraiodome thane, CI 4 , D 20 — 4*32, is formed when CCI 4 is heated with 
aluminium iodide. It crystallizes from ether in dark-red, regular octahedra. 
On exposure to air it decomposes into CO 2 and I, a change which is accelerated 
by heat. 


Nitro-derivatwc.H of Orthocarbonic Acid 

Nitrochloroform, cMoropicrin, C(N 02 )Cl 3 , b.p. 112 ^ Do = 1-692, 
is frequently produced in the action of nitric acid on chlorinated 
carbon compounds such as chloral, and also when chlorine or bleach- 
ing powder acts on nitro-derivatives, picric acid and nitromethane ; 
also from mercury fulminate (p. 294) and chlorine. 

In the preparation of chloropicrin, 10 parts of bleaching powder 
are mixed to a thick paste with water. To this is added 1 part of 
picric acid or 2:4: 6 -trinitrophenol, CfiH 2 ( 0 H)(N 02 ) 3 . 

Chloropicrin is a colourless liquid, possessing a very penetrating 
odour that attacks the eyes powerfully. It explodes when heated 
rapidly. When treated with acetic acid and iron fihngs it is converted 
into methylamine : 

CCl3(N02) + OH 2 = CHg-NHa -f 3HC1 -f 2 H 2 O. 

Alkali sulphites change it to formyl trisulphonic acid, ammonia 
to guanidine, and sodium ethoxide to orthocarbonic ester. 

Bromopicrln, CBr 3 (N 02 ), m.p. 10°, can be distilled under p’eatly reduced 
pressure without decomposition, and is formed, like the preceding chloro-com- 
pound, by heating picric acid with calcium hypobromite (calcium hydroxide 
and bromine), or by heating nitromethane with bromine (p. 181). It is obtained 
in good yield by the action of bromine on aqueous picric acid in presence of 
sodium carbonate in simlight. By the action of 50 per cent, potassium hydroxide 
it yields the yellow, explosive dipotassium derivative of ^-tetranitroethane 
(J.C.S. 123, 543). It closely resembles chloropicrin. 

Bromonitrojormy tetranitromethane and the salts of the nitroforms, which 
belong here, have already been described among the nitroparaffins (p. 186). 

Chlorides of Carbonic Acid 

As a dibasic acid, carbonic acid theoretically forms two acid 
chlorides. Of these, the monochloride, Cl-COOH, does not exist in 
the free condition, although derivatives such as esters are known. 
The dichloride, Cl-CO-Cl (phosgene), is capable of separate existence. 

(1) Chlorocarbonic Esters {Chloroformic Esters ). — ^The primary 
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chloride of carbonic acid, chlorocarbonic acid, is not known, because 
it loses HCl too easily. Its esters are, however, known, and are 
produced when alcohols act on phosgene or carbon oxychloride, the 
secondary chloride of carbonic acid (Dumas, 1833). They are often 
called chloroform ic esters, because they can be regarded as esters of 
the chlorine substitution products of formic acid : 

COCla + C^H.OH - CICOOC2H5 H HCl. 

They are most readily prepared by introducing the alcohol into 
liquid and strongly cooled phosgene (Ber. 18 , 1177). They are vola- 
tile, disagreeable-smelling liquids, decomposable by water, and when 
heated with anlu drous alcohols they yield the neutral carbonic esters ; 
with ammonia they yield urethanes (p. 491) ; with hydrazine, hydrazi- 
carbonic esters (p. 503) ; with ammonium azide, azidoformic esters 
(p. 503). They contain the group COCl, just as in acetyl chloride ; 
hence they behave like fatty-acid chlorides. 

The methyl c^irr, Cl-CO.^CHa, b.p. 71-4°; ethyl ester, b.p. OIC, Djr, -- 1*14; 
propifl ester, b.p. 115° ; isob^tyl cstct\ b.p. 128*8° ; isoa?w// ester, b.p. 154° (Ber. 
13, 2417 : 25, 1449) ; allyl 'ester, b.p. 180° (Ann. 302,' 2(»2). 

Perchlorocarhnnie ethyl ester, ci*COOC2Cl5, m.p. 20°, b.p. 83°/10 min., b.p. 
209 /TOO mrn., D = 1*7117, is isomeric with perchloroacetic methyl ester (p. 335 : 
Ann. 273, 50). 

Chlorocarboneitc of (jlycolHc ester, C1-C0-0CH.2C02C2H5, b.p. 182". ChJoro- 
carbonatc of lactic ester, CH3CH(0C0C1)*C02C2H5, b.p. 9r/19 mm. (Ann. 302, 
262). 

(2) Carbonyl chloride, phosgene, carbon oxychloride, COCl 2, b.p. 
8 "", was first obtained by Davy, in 1812, by the direct union of CO 
with Cl 2 in sunlight ; hence the name phosgene, from (pwQ, light, and 
yevvdo), to produce. It is also formed by conducting CO into boiling 
SbCls, and by oxidizing chloroform by air in the sunlight or with 
chromic acid : 

2C HCI3 4 CrO. ; 20 - 2COCI2 -f H2O + Cr02Cl2. 

Phosgene is most conveniently prepared from carbon tetrachloride 
(100 o c.), and 80-'', “ Oleum ” (120 c.c.), a sulphuric acid containing 
SO 3 (Ber. 26, 1990), when the SO 3 is converted into pyrosulphuryl 
chloride, S 2 O 5 CI 2 . 

Technically it is made by conducting CO and Cl 2 over pulverized 
and cooled bone charcoal (Paterno), 

Carbonyl chloride is a colourless gas, which on cooling is condensed 
to a liquid. 

Reactions. — ( 1 ) Water slowly breaks it up into CO 2 and 2HC1. ( 2 ) 

Alcohols convert it into chlorocarbonic and carbonic esters. (3) With 
ammonium chloride it forms urea chloride. (4) Urea is produced 
when ammonia acts on it. Phosgene is employed in numerous 
nucleus-synthetic reactions, e.g. it is used technically for the prepara- 
tion of di- and tri-phenylmethane dye-stuffs (see Tetramethyldiamino- 
benzophenone, Vol. II). 

Carbonyl bromide, COBrg, b.p. 04-66°, Djg = 2*45, is prepared from carbon 
tetrabromido and con cent rateci sulphuric acid, at 150-160°. It is a colourless 
liquid which fumes in the air (Ann. 345, 334). 

Carbonyl fluoride, COFg, has not been obtained pure (J. pr. Chem. [2] 
101, 79). 



SULPHUR DERIVATIVES OF CARBONIC ACID 487 


Sulphur Derivatives of Ordinary Carbonic Acid 

By supposing the oxygen in the formula CO(OH )2 to be replaced 
by sulphur, there result : 


1 . 


Thiocarbonir acM. 
(yarbonthiolic acid. 


Sulphocarbonic acid. 
Carbonthionic acid. 

3. 


Dilhiocarlfoiiio acid. 
C^arbondiUuolic acid. 

4. 

Sulphothiocarbonic acid. 
Carbondithioic acid. 

5. 


Trithicarbonic acid. 




The doubly-linked S is indicated in the name by sulph or thion, 
whilst it is termed thio or thiol when singly linked. 

The free acids are not known, or are very unstable, but numerous 
derivatives, such as salts, esters and amides, are known. Carbon 
oxysulphide, COS, is the anhydride or sulphanliydride corresponding 
with thiocarbonic acid, sulphocarbonic acid and dithiocarbonic acid. 

Carbon disulpliide, CSj, sustains the same relation to sulphothio- 
carbonic acid and trithiocarbonic acid that carbon dioxide does to 
ordinary carbonic acid, while phosgene corresponds with thiophosgene, 
CSCI 2 . 

Carbon oxysulphide, COS (1867 C, v. Thany Ann. Spl. 5, 245), occurs in 
some mineral springs as, for example, in the sulphur waters of Harkdny and 
Parad in Hungary, and is formed ( 1 ) by oonductiug sulphur vapour and carbon 
monoxide through red-hot tubes ; (2) on heating CS2 with SO3 ; (3) by the 
action of COClg on CdS at 260-280 (Ber. 24, 2971) ; (4) by the action of fatty 
aedds (p. 322) ; or (5) sulphuric acid, diluted with an equal volume of water on 
potassium thiocj^anatc, IISNC -j- H2O ^ COS + NH3 (Ber. 20, 550). 

In order to obtain it pure (Ber. 36, 1008) the gas may be conducted into an 
alcoholic potassium hydroxide solution, and (6) the separated potassium ethyl 
thiocarbonate, CgHgOCOSK, decomposed with dilute hydrochloric acid. 

Carbon oxysulphide is a colourless gas, with a faint and peculiar odour. 
It inflames readily, and forms an explosive mixture with air. It is soluble in 
an equal volume of water, and in 6 volumes of toluene at 14°. It is decomposed 
by the alkalis according to the following equation : 

COS 4- 4KOH - K2CO3 + KgS -f 2H2O. 

When heated to high temperatures it decomposes according to the equations 
(Ber. 52, 681) : 

(i) 2COS 2CO + S2 ; (ii) 2COS CO2 + CS.,. 

Carbon disulphide, CSg, b.p. 47^^, Dg 1-297, was first obtained in 
1796 by Lampadius, when he distilled p 3 a*ites with carbon. It is pre- 
pared by conducting sulphur vapour over ignited charcoal, and is one 
of the few carbon cjompounds which can be prepared by the direct 
union of carbon with other elements. It is a colourless liquid with 
strong refractive power. It is obtained pure by distilfing the com- 
mercial product over mercury or mercuric chloride ; its odour is then 
very faint. It is almost insoluble in water, but mixes with alcohol 
and ether. It serves as an excellent solvent for iodine, sulphur, 
phosphorus, fatty oils and resins, and is used in the vulcanization of 
rubber. In the cold it combines with water, yielding the hydrate 
2 CS 2 + H 2 O, which decomposes again at — 3°. 

Small quantities of carbon disulphide are detected by conversion 
into potassium xanthate, by means of alcohohe potassium hydroxide, 
from which the copper salt is obtained. The production of the bright- 
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red eoin pound of CSg with triethyJphosphine (p. 207, and Ber. 13, 
1732) is a more delicate test. Comp, also the mustard-oil reaction, 
p. 526. 

H 2 S and CS 2 conducted over heated copper yield methane (p. 92). 
Carbon disulphide is fairly stable towards dry halogens, so that it is 
frequently used as a solvent in adding halogens to unsaturated carbon 
compounds. 

However, moist chlorine gas converts CSo into thiocarbonyl chloride, 
CSCI 2 , and in tlie presence of iodine into CCI 3 SCI, perchloromethyl 
mercaptan and SoCL ; finally into CCI 4 (p. 484). Alcoholates change 
it into xanthates. 

Thiocarbonic Acids.— The salts and esters of all these acids, 
which when free are exceedingly unstable, may be produced ( 1 ) by 
the union of the anhydrides, COo, COS, CSo, with (a) the sulphides 
of the alkali and alkali earth metals, (b) the mercaptides of the alkali 
metals, (c) and of the last two with alcoholates ; ( 2 ) by the trans- 
position of the salts thus obtained with alkyl halides and alkylene di- 
halides ; ( 3 ) by the action of alcohols and alcoholates, inercaptans 
and alkali mercaptides on COCU, Cl-COaCaHs (p. 485), CSCI 2 and 
Cl-CSoCoHs (p. 490). 

Monothiocarbonic Acids. 

1. Ethyl thiocarbonic acid, ethyl carbon -monothiolic acid, H8 CO - 

OC2H5. Tho potassium salt {Bender's salt), KS-COOC2H5, is obtained (1) from 
ethyl xanthic esters and alcoholic potassium hydroxide (p. 489), and (2) from 
carbon oxj'sulphide and alcoholic potHSsium hydroxide (J. pr. Chem. [2] 73 , 242). 
It forms prisms, easily soluble in water and alcohol, and produces a white pre- 
cipitate with copper sulphate. With ethyl iodide its salt forms H-etJiyl thio- 
carbonate, CoHgS-OOOCaHs, b.p. 150 , which can also be prepared from chloro- 
carVjonic ester, ClCOOCgHg, and sodium or zinc mercaptido. Alkalis decom- 
pose it into carbonate, alcohol and mercaptan (Ber. 19 , 1227). Thiodicarbonic 
ester, S{CO()C2H5)2, b.p. 118°/22 mm., is produced from chlorocarbonic ester 
and NajS (J. pr. Chem. [2] 71 , 278). 

2. Sulphocarbonic acid, rarbontkionic acid, HOCSOH. Its ethyl ester, 
rvS(0-C2H5)2, b.p. 161°, it produced by the action of sodium alcoholate on thio- 
carbonyl chloride, CSClj, and in the distillation of S2(CSOC2H6). It is an ethereal- 
smelling liquid. With alcohohe ammonia the ester decomposes into alcohol and 
pnimonium thiocyanate, CN*S-NH4. 

Dithiocarbonic Acids. 

3. Dithiocarbonic acid, carbon-dithioUc acid, CO(SH)2. The free acid is 
not known. 

The methyl ester, CO(S-CH3)2, b.p. 169°, and ethyl ester, CO(S-CaH5)2, b.p. lOO'’, 
result (1) when COClg acts on tho inercaptide.s : 

COCI2 -f 2C2H, SK - COiS CgH J2 + 2KCi ; 
and (2) when thiocyanic esters (p. 525) are heated with concentrated sulphuric 
acid : 

2CN S'CH3 + 3H2O - C0(S CH3)2 + CO3 -f 2NH2. 

(3) from irnido-dithio-carbonic ester (p. 506) and dilute hydrochloric acid (C. 
1905, I. 447) : 

RN : C(SCH3)2 + H2O = 0C(SCH3)2 -f RNH^. 

They are liquids with an odour of garlic. Alcoholic ammonia decomposes 
them into urea and inercaptans : 

C0(S-C2H3)2 4- 2NH3 - C0(NH2)2 + 2C2 Hj*SH. 
yS— CH2 

Dithiocarbonic ethylene ester, CO<^ 1 , m.p. 310°, is produced from 

\S— CHj 


tri thiocarbonic ethylene ester. 
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4. Sulphothiocarbonic acid, carhondithioic acid, HO-CS-SH, does 
no(, exist free. The xantliates or xanthogenates, R-O-C-SSiH, dis- 
covered by Zeiso in 1824, arc derived from it. 

^\\o xaydhogciMlcK arc. produced by the interaction f)f CS 2 and alkali 
hydroxides in alcoliolic solution — c.g. potassium xanthate, consisting 
of yellow, silky needless, whicli crystallize : 

CS2 + KOH 1 CjH.OH C^H^OCSSK -|- HjO. 

Potassium ethyl xanthate. 

Cupric Kaltw precipitate yellow cuprous salts from solutions of the 
alkali xantliates together with disulphides iSolCiSOR)^ {cf. Ber. 38, 
2184 : C. 1908, I. 1092). The acid owes its name, ^avdogy yellow, 
to this characteristic. 

By the action of alkyl iodides on the salts the esters are formed. 
The latter are liquids possessing an odour of garlic, and are not 
soluble in water. Ammonia decomposes them into mercaptans and 
esters of sulphoearbamic acid (p. 505) : 

1 Nlta - C,11 j,OC8-NH2 | C0H58H. 

Alkali alcoliolates cause the production of mercaptan and alcohol, 
and salts of the alkyl thiocarbonic acids (p. 488) (Ber. 13, 530) : 


08- 




(’H3OK j 


HoO - 


(C..1I5OJI 

to;H,8H 


H- 


CO- 


0(313 
SK ‘ 


Ethylxanthogcnic acidj OoUb^OSSH, is a heavy liquid, not soluble in water. 
It decomposes at 25*^ into alcohol and CSg. 

Sulphocarboxclhyl diftalphidc, (8-08-0-C2H5)2, m.p. 28°, is produced on add- 
ing a solution of iodine or copper salts to potassium xanthate (see above). 

Ethyl ethylxa7itho(jcnafi , CgHs'O^^S^S-O^Hg, b.p. 200°, is a colourless oil. 

Methyl xanthic ethyl esters CHaOCSSCgHg (C. 1906, IT. 502), b.p. 184°, and 
ethyl xanthic methyl ester, C.2H5-0-CS-S-CH3, b.p. 184°, are distinguished by their 
iK^haviour towards ammonia and sodium alcoholate (see above). 

Ethyletie xanthic ester, CoH. (8C -8002115)2, is decomposed by alkalis into the 
cyclic trithiocarbonic ethylene ester (p. 488) and Bender's salt (p. 488) (Ber. 
38, 488). Ethylxanthogenyl formic ester, C2H50CS(SC00C2H5), b.p. 133°, 
and ethylxanthogenyl acetic acid, C2H50CS(SCH2C00H), m.p. 58°, are formed 
from a xanthate and chloroformic ester and chloroacetic ester respectively 
(J. pr. Chem. [2] 71, 264). 


5. Trithiocarbonic acid, CS(SH) 2 , is precipitated by hydrochloric 
acid as a reddish-brown, oily liquid, from solutions of its alkali salts, 
which are t he products of interaction between carbon disulphide and 
alkali sulphide. It is insoluble in water and is very unstable. CSg 
and alkaline solutions of copper form well-cry stallizable double salts, 
CSgCuK, CS 3 Cu(NH 4 ) (Ber. 35, 114(1). Other salts, such as CSj-Ba, 
see C. 1907, I. 539 : J. pr. Chem. [2] 73, 245. 

The alkali salts of tho trithiocarbonic acids, reacting witli the corresponding 
halogen compound, give rise to the following esters : Trithiocarbonic methyl 
ester, 08(8^3)2, b.p. 204-205°. Ethyl ester, C8(SC2H5)2, b.p. 240° (decomp.). 

< 8C 412 

1 , m.p. 39-5°, is converted by oxida- 

8 CH 2 

tion with dilute nitric acid into dithiocarbonic ethylene ester (p. 488) (Ann. 

126 , 269). , 00 . . 

Thiocarbomjl dithiogly collie acid, SC(8CH2COOH)2, m.p. 1^2 , is formed 
from potassimn trithiocarbonate and chloroacetic acid. Oxidation converts it 
into carbonyl dithiogly col lie acid, OC(8CIl2(^^t)H)2» rn.p. 156 (J. pr. Chem. [2] 

71 , 287). 
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Chlorides of the sulphocarbonic acids ; thiophosgene, thiocarhonyl 
chloride j CSClg, b.p. 73°, D == 1-508, is produced when chlorine acts on carbon 
disulphide, and when the latter is heated with PCI 5 in closed tubes to 200° : 

CS2 + PCI5 = CSCIjj + PCI3S. 

It is most readilj" obtained by reducing perchloromethyl mercaptan, CSCI4 
(below), with stannous chloride, or tin and hydrochloric acid (Ber. 20, 2380 : 
21 , 102 ) : 

CSCI4 + SnCla - CSOI2 + SnCl4. 

Til is is the method employed for its production in large quantities. 

It is a pungent, red-coloured liquid, insoluble in water. On standing exposed 
to sunlight it is converted into a polymeric, crystalline compound, C2S2CI4 
= Cl-CS-S-CClg, methyl perchlorodithioformate, m.p. 110°, which at 180° reverts 
to the liquid body (Ber. 26 , R. 000). Water decomposes thiophosgene intoCOg, 
BoS and 2HC1, whilst ammonia converts it into ammonium thiocyanate (p. 524). 

Thiocarhonyl chloride converts secondary amines (1 molecule) into dialkyl 
sulphocarbamic chlorides : 

CSCIj + NH(C2H5 )C,Hs Cl-CSN<^»g‘ + HCl. 

A second molecule of the amino produces tetraalkyl thioureas (Ber. 21 , 102). 

Phosgene and thiophosgene, when acted on by alcohols and rnercaptans, 
yield sulphur derivatives of chlorocarbonic ester. 

Chlorodithiocarbonic ethyl ester, Cl-CSSCaHg, b.p. 90°/ 10 mm. (Ber. 37, 3773). 

Sulphur Derivatives of Orthocarbonic Acid 

Perchloromethyl mcrcaptayx, CClg-SCI, b.p. 147°, results from the action of 
chlorine on CSg. It is a bright yellow liquid. Stannous chloride reduces it 
to thiophosgene. Nitric acid oxidizes it to 

Trichloromethanemlphonic chloride, OClg-SOgCl, m.p. 135°, b.p. 170°, which 
can also be made by the action of moist chlorine on CSg. It is insoluble in 
water, but dissolves readily in alcohol and ether. Its odour is like that of 
camphor, and excites tears. Water changes the chloride to 

Trichlororncthanesul phonic acid, CClg-SOsH -f HgO, consisting of deliquescent 
crystals. By reduction it yields dichloromethanesulphonic acid, monochloro- 
methanesulphonic acid, and CHg-SOjH (p. 170). 

Dibromometkane diethyl sulphone, CBr2(S02C2H5)2, m.p. 131°, and diethyl- 
mdph^ne diiodomethanc , Cl2(S02C2H^)2, m.p. 170°, are formed from methane 
diethyl sulphone by the actioii respectively of bromine water or iodine in potas- 
sium iodide, or from the potassium derivative of methane diethyl sulphone and 
iodine (Ber. 30, 487). 

Potassium diiodomethanedisulphonate, Cl2(SOaK)2, and potassium iodo- 
methanedisulphonate, CH1(S03K)2, are produced when potassium diazomethane 
disulphonate is decomposed with iodine and with hydrogen iodide. Sodium 
amalgam reduces both bodies to raethanedisulphonic acid (p. 247). 

MethanoUrisulphonic acid, H0-C(S03H)3. The potassium salt (-f IHjO) is 
obtained by heating the addition product of potassium hydrogen sulphite and 
potassium diazomethanedisulphonate with acids, or from the phenylhydrazone 
derivative of potassium methanedisulphonate (p. 247) (Ber. 29 , 2161). 

Amides of Carbonic Acid 

Like other dibasic acids, carbonic acid forms two amides. The 
monoamide, carbamic acid, NHg-COOH, does not exist in the free 
condition, but derivatives such as the esters, NHg-COOR, urethanes, 
and the acid chloride, NHa-COCl, “ urea chloride,” are known. The 
diamide, NHg-CO-NHa, is the well-known substance urea. 

Carbamic acid, aminoformic acid, HgN-COOH, is not known in 
a free state. Its ammonium salt, NH2*CO-ONH4, is contained in 
commercial ammonium carbonate, when this is prepared by the direct 
union of two molecules of ammonia with one of carbon dioxide. It 
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is a white mass which breaks up at 60° into 2NH3 and COo, which 
combine again upon cooling. By the absorption of water it changes 
into ammonium carbonate. When ammonium carbamate is heated to 
130-140° in sealed tubes, water is withdrawn and urea, CO(NH2)2» 
formed. For other salts of carbamic acid, see J. pr. Chem. [2] 16, 180. 

The esters of carbamic acid are called urethanes ; these are obtained 
(1) by the action of ammonia at ordinary temperatures on carbonic 
esters : 

C2H50 CO OC,H5 + NH3 - C2H5O CO NH2 + C2H6OH ; 
and (2) in the same manner from the esters of chloroformic and 
cyanoformic acids : 

CoHgOCO Cl + 2NH3 = C2H5OCO NH2 -I- NH4CI, 

C 2 H, 0 C 0 CN -1 2 NH 3 ^ C 2 H 5 ()C 0 NH 2 + CN NH 4 . 

Also (3) by conducting cyanogen chloride into the alcohols : 

N i CCl + 2C2H, 0H - H 2 N COOC 2 H 5 + C 2 H 5 CI ; 

(4) by the direct union of cyanic acid with the alcohols : 

NH : CO + CaHs-OH - H 2 N COOC 2 H 5 . 

When an excess of cyanic acid is employed, allophanic esters are 
also produced (p. 501) ; 

(5) from urea chloride and the alcohols. 

The urethanes are crystalline, volatile bodies, soluble in alcohol, 
ether and water. Sodium acts on their ethereal solution with the 
evolution of hydrogen ; in the case of urethane it is probable that 
sodium urethane, NHNa-COOCoHg or NH : C(ONa)OC2H5 (Ber. 23, 
2785), is produced. Alkalis decompose them into CO 2, ammonia and 
alcohols. They yield urea when heated with ammonia : 

H 2 NCOOC 2 H 6 + NHg = H 2 NCONH 2 + C 2 H 5 OH. 

Conversely, on heating urea or its nitrate with alcohols, the 
urethanes are regenerated (C. 1900, II. 997). 

Carbamic esters. — Ethyl urethane, NH 2 CO 2 C 2 H 5 , m.p. 50°, b.p. 184°, 

c-rystallizes in large plates ; methyl ester, m.p. 50°, b.p. 177° ; propyl ester, m.p. 
53 '°, b.p. 195°. 

Urethane is successful!}' employed as a soporific ; but is surpassed in this 
characteristic by higher esters, such as methylpropylcarbinyl carbamate, Hedonal, 
NH 2 C 00 CH(CH 8 )(C 3 H 7 ), m.p. 76°, b.p. 215° (C. 1900, I. 1208 : II. 997 : 1901, 
I. 1302) ; allyl ester, NH 2 COOC 3 H 6 , m.p. 21°, b.p. 204°. 

Acetylurethane, CHaCO-NHCOgCgHg, m.p. 78°, b.p. 130°/72 mm., is obtained 
from acetyl chloride and urethane. Hydrogen in it can be replaced by sodium. 
Alkyl iodides acting on the sodium compound produce alkylacetylurethaues 
(Ber. 25, R. 640). When heated to 150° with urea, acetyl urethane passes into 
acetoguanamide, or methyl dioxytriazine, and with hydrazine it yields the 
triazolones (Ann. 288, 318). 

Chloro- and bromo-acetylur ethanes, oL-hromopropionylur ethanes, etc., result 
from the action of sodium urethane on halogen fatty-acid esters (Ber. 38, 297). 

Carbainylgly collie ester, NHaCO-OCHgCOjCaHg, m.p. 61°, and carbamyllaciic 
ester, m.p. 65°, are obtained from the corresponding chloro -compounds (p. 486). 

Alkyl urethanes. — The esters of alkylcarbandc acids are formed, 
like the urethanes, by (1) the action of carbonic or (2) chlorocarbonic 
esters on amines ; and (3) on heating i^ocyanic esters (p. 519) with 
the alcohols to 100° : 

CO : NC^Hj -f CgHfiOH = C^HjNH COOCjHj. 
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The esters of phenylcarbamic acid (phenyl urethanes), CeHgNH- 
COOR, which are obtained from phenyl isocyanate and alcohols, are 
frequently of great value in identifying hydroxylic compounds as 
they are well-defined crystalline compounds. (4) By the interaction 
of the chlorides of alkyl ureas and the alcohols ; (5) when alcohols 
act on acid azides (p. 324). 

RCONa + CjHaOH - RNHCOOCgHs + N^. 

MethylureJJiari^, methyl carhamic ethyl ester ^ CHs-HNCOOC 2 H 5 , b.p. 170° 
(Ber. 28, 855 ; 23, 2785), can also be prepared from sodium urethane and iodo- 
methaiie. 

EthylurctfuitWy ethyl cnrbamic ethyl ester, C 2 H 5 HNCOOO 2 H 5 , b.p. 175°. 

Ethylene vrethane, CaHfiOCONHCHaCHaNHCOOCgHj,, m.p. 113°, is formed 
from ethjdeiie diamine and CICO 2 C 2 H 5 (Ber. 24, 2268). 

I ^ I 

Hydroxy ethyl carbanur anhydride, OCHgCHa-NHCO, m.p. 90°, is prepared 
from bromo-etbvlamine liydrobromide, and silver or sodium carbonate (Ber. 
30, 2494). 

Aikylidene Urethanes and Diurethanes. Hydroxy methylnrethanc, HOCH 2- 
NHCO 2 C 2 H 5 , is prepared from gl^collic acid azide and alcohol (Ber. 34, 2795). 
Metkylenediurethurw, CH 2 (NHC 02 C 2 H 5 ) 2 , m.p. 131°, is produced from urethane, 
formaldehyde, and a little hydrochloric acid ; when heated with more acid and 
acetic anliydride there is formed anhydrojormaldchyde urethane, (CHg :NC 02 C 2 H 5 ) 2 , 
m.p. 102° (Ber. 36, 2206). 

Ethylidenediurcthane, CH 3 CH(HNCOOC 2 H 5 ) 2 , m.p. 126°. is prepared from 
urethane and acetaldehyde ; it crystallizes in shining needles (Ber. 24, 2268). 

Chloralur ethane, CCl 3 -CH( 0 H)NHC 02 C 2 H 5 , m.p. 103°, is formed from ure- 
thane and chloral. Acid anhydrides convert it into trichloroethylideneur ethane, 
CCI 3 OH : NCOOC 2 H 3 , m.p. 143° (Ber. 27, 1248). 

DiuretJuinpglyoxylic acid, (C 2 H 50 C 0 NH) 2 CHC 02 H, m.p. 160°; ethyl ester, 
m.p. 143°, is prepared from glyoxylic ester, urethane and hydrochloric acid 
(C. 1906, II. 598). 

Carbamic acid derivatives of the amhiocarboxylic acids and peptides are of 
importance in the identification and synthesis of the latter bodies (p. 446). 
(1) Their Ca and Ba salts are obtained from the amino-acids in solutions of 
the alkali earths by the passage of CO 2 as more or loss soluble crystalline 
precipitates ; 

CH 2 NH 2 CH 2 NHCO 

i -f Ba(OH)2 + CO 2 I I 

COOH C02Ba— O. 

Ihey readily decompose, re-forming the amino-acid (Ber. 39, 397 : C. 1908, 
I. 1287). 

(2) Esters are prepared from chloroformic esters and alkaline solutions 
of amino -acids or their esters. 

Carbethoxnj glycine, CgHgO-CONHCHgCOOH, m.p. 75° ; ethyl ester, m.p. 28°. 
b.p. 126°/12 mm. 

Carbom,ethoxy glycine, CHgOCONHCHjCOgH, rri.p. 96° ; 'ethyl ester, b.p. 
128°/13 mm. Thionyl chloride converts these acids into unstable chlorides, 
ROCOXHCHgCOCl, which, (jn warming, give off alkyl chloride and are changed 
into glycine-1^ -carboxylic anhydride : 

CH.OCONHCHjCOCl > icONHCH.io. 

The anhydride, treated with ice-cold barium hydroxide solution, yields the 
same compound as is obtained from the barium hydroxide solution of glycine 
when treated with COg. The anhydride on being heated loses CO 2 and poly- 
merizes to glycine anhydride, (NHCHgCOln (Ber. 39 , 857). Leucine -carboxylic 

I I 

anhydride, OCONHCH(C.H,)CO, m.p. 49° (Ber. 41 , 1725). 

Varbethoxy alanine, C 2 H 50 CONHCH(CH 3 )COOH, m.p. 84° ; ethyl ester, 
b.p. 123°/10 mm. (Ann. 340 , 127). 

Carbethoxyglycylglycine ester, CjHjOCO'NHCHjCONHCHjCOOCjHj, m.p. 
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87°, is obtained from glycylglycino ester (p. 447) and ClCOgR ; or from car- 
bethoxy glycine chloride (see above) and glycine ester. Hydrolysis liberates 
the free, dibasic ip-glycylglycinecarboxylic acid^ m.p. 208° (decoinp.). The 
remarkable solubility of this compound points to its being a ring compound of 
NH-CH.x 

the formula | >C-NCH 2 *COOH. It yields a diethyl cster^ m.p. 

(HOJ^C 0/ 

149°, isomeric with the original carbethoxyglycylglycine ester, and a stable 
Ba salt, which is different from the imstable salt of the true glycylglycine acid, 
prepared from glycylglycine, barium hydroxide and COg (Ber. 40 , 3235). 

Diglycylglycinecarhoxylic acid and triglycylglycinecarboxylic acid behave 
similarly (Ber. 36, 2094). 

Nitroso- and Nltro- urethanes are of interest, partly on account of their 
connection with the diazo- bodies (pp. 251, 458). 

Nitrosocarbamic methyl ester, NO-NHCOaCHg, m.p. 61° (Ann. 302 , 251). 
N itro sour ethane , N0*NHC02C2H5, m.p. 51°, with decomposition, is formed by 
reduction of ammonium nitro -urethane with glacial acetic acid and zinc dust 
(Ann. 288 , 304). The salts of these esters probably are derived from the formula 
HO NrNCOaR (Ber. 32 , 3148: 35 , 1148). 

^ -Methyl nitro sour ethayie, 0N-N(CH8)C02C2H5, is prepared from methyl 
urethane and nitrous acid. It is a liquid, which with alkalis yields diazo - 
methane (p. 251) with the intermediate formation of CHgN : NOK. 

Nitrocarhamic methyl ester, N02-NHC02CH3, m.p. 88° (Ann. 302 , 249). Nitro- 
urethane, N02-NHC02C2H5, m.p. 64°, results from the action of ethyl nitrate 
on a cold solution of urethane in concentrated sulphuric acid. It is easily soluble 
in water, very easily in ether and alcohol, but with great difficulty in hgroin. 
It shows a strongly acid reaction, whilst its salts are neutral : ammonium nitro- 
urethane, N 02 N(NH 4 )C 02 C 2 H 5 ; potassium nitr our ethane, N 02 NK*C 02 C 8 H 5 
(Ann. 288 , 267). 

N itrocarbamic acid, N 02 -NH*C 02 H, hberated from its potassium salt by 
sulphuric acid at 0°, decomposes into COg and nitramide, NO 2 NH 2 , m.p. 72-85°. 
This is isolated by means of ether. Potassuun nitro carbamate, NOgNHCOaK, 
results when potassium nitrourethane is treated with potassium hydroxide in 
methyl alcohol. It crystallizes in fine white needles, 

N-Methylnitronr ethane, N 02 *N(CH 8 )C 02 C 2 H 5 , is formed from silver nitro- 
urethane and iodomethane ; also from methylurethane. It is a colourless, 
pleasantly -smelling oil. It is decomposed by ammonia into methyhiitramine 

(p. 201). 

Urea chlorides, carbamic acid chlorides, are produced by the 
interaction of phosgene gas and ammonium chloride at 400° ; by action 
of COCI 2 on the hydrochlorides of the primary amines at 260-270^, 
and also on the secondary amines in benzene solution (Ber. 20 , 858 ; 
21 , R. 293) : 

COCh + NH 3 HCI - CICONH 2 -f 2HC1. 

Carbamyl chloride, urea chloride, chlorojormamide, Cl-CONHa, m.p. 50°, 
b.p. 61-62°, when it dissociates into hydrochloric acid and iwcyanic acid, HNCO. 
The latter partly polymerizes to cyamelide. Urea chloride undergoes a like 
change on standing. 

Methyl carbamyl chloride, ClCONH-CHs, m.p. 90°, b.p. 94°. Ethylcarbamyl 
chloride, C 1 CONH-C 2 H 5 , b.p. 92°. 

These compounds boil apparently without decomposition, but actually suffer 
dissociation into hydrochloric acid and isocyanic esters, which reunite on 
cooling : 

CONCH 3 -f HCl - CI CONH CH 3 . 

Dimethylcarbamyl chloride, Cl*CON(CH 3 )a, b.p. 167° (\, yields tetramethyl- 
oxamide by the action of sodium. 

Diethylcarbamyl chloride, Cl*CON(C 2 H 6 ) 2 , b.p. 190-195°, is obtained from 
diethyl oxamic acid by means of PCI 5 . 

f Reactions. {I ) The urea chlorides are decomposed by w'ater into CO, and 
ammonium chloride. (2) They yield urethanes with alcohols. 
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(3) With amides they form alkylureas ; 

H 2 NCOCI + 2C2H, NH2 - HaNCONHC^Hg -f CgH^NH^ HCl. 

(4) With benzene and phenol ethers in the presence of AICI 3 they yield 
aromatic acid amides : 

AlCl, 

ClCO NHo + CgHe ^^Cell^CONHa -f HCl. 

Carbamide, urea, ^ 1^2-133°, was discovered by v. 

Rouelle in urine in 1773, and was first synthesized from ammonium 
t^ocyanate by Wohler in 1828 (Pogg. Ann. (1825) 3, 177 : (1828) 
12, 253). This brilliant discovery showed that organic as well as 
inorganic elements could be built up artificially from their elements. 

Urea occurs in various animal fluids, chiefly in the urine of mam- 
mals, and can be separated as nitrate from concentrated urine on the 
addition of nitric acid. It is present in small quantities in the urine 
of birds and reptiles. A full-grown man voids upon an average diet 
about 30 grams of urea daily. The formation of this substance is 
due to the decomposition of proteins. 


Coiwtitution of Urea . — Urea is usually represented by the “ carbamide ” 
formula, NHg CO NHa, but Werner (Chemistry of Urea, London, 1923) has put 

/NH3 

forward the alternative formula NH : | to represent the “ static ” formula 

\o 

of urea and NH 2 -C( = NH) OH to represent it in its reactive form. 

It is impossible to reproduce briefly the arguments which have been adduced 
in support of this formulation, but the following examples may show some of the 
difficulties inherent in the carbamide formula. The methods of formation of 
urea (3) and (4) on p. 49o which are usually represented as examples of ordinary 
amide formation are interpreted otherwise by Werner. They do not, in actual 
fact, take place like the formation of an amide. For instance, the formation 
of urea from ethyl carbonate and ammonia requires heating in a sealed tube, 
whereas the formation of acetamide from ethyl acetate takes place readily at 
ordinary temperature, while from carbonyl chloride and ammonia, urea is, 
indeed, formed, but only slowly and in 30-40 per cent, yield, accompanied by 
large amoimts of the by-products biuiet, amrnelide and cyanuric acid, whereas 
the reaction between acetj^l chloride and ammonia is a very violent one, the 
acetamide produced being accompanied by inappreciable amounts of by-product. 
These results, and the actual findings in other syntheses of urea, can be explained 
by assuming the intermediate formation of cyanic acid, HNCO, which then 
combines with ammonia to form urea, as in Wohler’s synthesis. 

Similarly, the breakdown of urea by nitrous acid is usually represented as 
in (3) (p. 490), as a simple decomposition into nitrogen and water, but in actual 
fact the reaction takes place differently. It does not occur in the presence of 
pure nitrous acid, but a strong mineral acid is required to convert the urea into 
a salt before reaction can occur, the volume of nitrogen evolved is not that cor- 
responding to the urea calculated according to equation (3) and the ratio COg : Ng 
is not 1:2. Further, cyanic acid can be isolated in large quantity as its silver 
salt from the products of reaction. These changes are represented by Werner 
as follows : 

/NH 3 /NH,X 

HN : C< I -h HX ^ HN : C< 

\o \OH 


HN : + HNO, ► HNCO + Nj + 2H,0 + HX. 

For further consideration of these and other reactions of urea, Werner’s 
book should be consulted. 

It should be noted, however, that the cyclic formula is very difficult to visualize 
on the basis of the modern electronic theory, as nitrogen does not appear capable 
of more than four covalent links. 
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Formation, Urea is obtained by the following methods : 

(1) evaporating the aqueous solution of ammonium i«9ocyanate, 
when an atomic transposition occurs {Wohler) : 

CO : N NH, C0(NH2)2 

Mixed aqueous solutions of potassium cyanate and ammonium 
sulphate (in equivalent quantities) are evaporated ; on cooling, 
potassium sulphate crystallizes out and is filtered off, the filtrate 
being evaporated to dryness, and the urea extracted by means of 
hot alcohol. This is also a reversible process. On heating a N/IO 
urea solution for some time to 100°, 4% to 5% of the urea will be 
changed to ammonium cyanate (Ber. 29, R. 829 : C. 1903, I. 139). 

(2) When a solution of carbon monoxide in ammoniacal cuprous 
chloride solution is heated, copper is precipitated and urea is formed 
(C. 1899, I. 422) : 

CO + 2 NH 3 + Cu^Ch - C 0 (NH 2)2 + 2HC1 + 2Cu. 

It is also formed by the methods in general use in the preparation 
of acid amides : (3) by the action of ammonia (a) on carbamic esters 
or urethanes, (6) on dialkyl or diphenyl carbonic esters (Ber. 17 , 
1826), and (c) on chloroformic esters. The bodies mentioned under 
6 and c first change to carbamic esters : 

NHg-COaC^Hs + NH3 - NH^COXH^ + CoH^OH 

C0(0C2H5)2 + 2NH3 - NH/JONHa + 2C2H5OH 

CO(OCeH5)2 + 2NH3 = NH2CONH2 + 2CfiHj,OH (method of preparation) 

CICO2C2H5 4- 3NH3 - NH2CONH2 4- 4- NH4CI. 

(4) By the action of ammonia on phosgene and urea chloride : 

COCI 2 4- 4 NH 3 = C0(NH2^2 + 2 NH 4 CI 
CICONH2 4 - 3NH3 = C0(NH2)2 + NH4CI. 

(5) By heating ammonium carbamate or thiocarbamate to 130- 
140°. 

Urea is manufactured on the large scale for use as manure by 
heating carbon dioxide and ammonia together under high pressure, 
best in nickel autoclaves (D.R.PP. 294,793 : 390,848). 

(6) It can also be obtained by the reaction between carbon oxy- 
sulphide and ammonia (Z. aiiorg. Chem. 191, 246). 

(7) By the action of potassium permanganate on thiocarbamide, 

CS(NH2)2. 

(8) By the hydrolysis of cyanamide with small amounts of acid : 

CN NH2 4 - H2O - C 0 (NH 2 ).,. 

(9) Urea is formed when guanidine is boiled with dilute sulphuric 
acid or barium hydi’oxide solution : 

NH : C(NH2)3 4 - H2O - C 0 (NH. 2)2 4 - NH3. 

Urea crystallizes in long, rhombic prisms or needles, which have a 
cooling taste, like that of potassium nitrate. It can be easily obtained 
pure by one recrystallization from amyl alcohol (Ber. 26, 2443). It 
dissolves in one part of cold water and in five parts of alcohol, and 
it is almost insoluble in ether. 

Beactions. — (1) By heating to high temperatures, urea decomposes 
into ammonia, biuret (p. 502), ammelide (p. 531), cyanuric acid (p. 520) 
and cyanuryltriurea (p. 522). 
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(2) When heated above 100° with water, or when heated with 
acids or alkalis, urea is decomposed into carbon dioxide and ammonia. 
The same decomposition takes place under the influence of micro- 
organisms when urine decomposes. 

An enzyme, urease, which occurs in considerable quantity in Soya- 
bean or Jack-bean, is also capable of hydrolysing urea to ammonia 
and carbon dioxide. The hydrolysis of urea by urease, forms a valu- 
able method for the quantitative estimation of urea. After the 
enzyme has acted, the solution is made alkaline and the ammonia 
formed distilled off or aspirated into standard acid, and the excess 
acid titrated with standard alkali, using methyl orange or other 
suitable indicator. 

(3) Urea, like other amides, is decomposed by nitrous acid, with 
the formation of nitrogen : 

C 0 (NH 2)2 -I- 2HNO2 CO2 + 2N2 -f 3H2O. 

(4) Hypobromites decompose urea into nitrogen, carbon dioxide 
and water : in the presence of benzaldehyde, sodium hypochlorite 
yields with urea the hydrazone or carboxyhydrazone of benzaldehyde, 
a Hofmann reaction (see p. 191) taking place. 

NH 2 CO NH 2 4- NaOCl + CfiH^ CHO > 

CeH^CH : X NH-COOH + NaCl H 2 O. 

Salts : Urea, like glycocoll, forms crystalline compounds with acids, bases 
and salts. Although it contains two NH 2 groups it combines with but one 
equivalent of acid. 

Urea nitrate, C 0 (NH 2 ) 2 *HN 03 , fonns leaf-like crystals, which are difficultly 
soluble in nitric acid. The oxalate, [CO(NH 2 ) 2 l 2 (f^f^ 2 tl)a» consists of thin leaflets, 
which are soluble in water. 

Urea forms a large number of compoimds with neutral salts, of which the 
compound with sodium chloride, CO(NH 2 ) 2 , NaCl, HgO, may be cited as an 
example. 

Urea forms the principal end-product of protein metabolism among 
the mammals and batrachians, and on tliis account its estimation 
becomes of importance. Birds and reptiles, on the other hand, 
excrete most of their nitrogen in the form of ammonium urate. 

Estimation of Ureu. — The method usually used for the estimation of nitrogen 
in excretions is that of Kjeldahl (p. 9), though of course this includes all 
nitrogenous products, and is not specific for urea. The methods mostly used 
at the present time are of three main types : 

(а) The reaction with hypobromite, followed by measurement of the nitrogen 
evolved. This is a rapid, but not very accurate metliod. 

(б) The urea is hydrolysed to ammonia and carf)on dioxide by some urease 
preparation, and the ammonia produced titrated against standard acid (see (2) 
above). In deahng with small amomits of urea, such as those occurring in 
blood, the ammonia produced is frequently est imated colorim(itri(;ally by means 
of the colour it produces with Nessler's rmejent (alkaline mercury potassium 
iodide). 

(c) Urea forms a very insoluble compound when treated with a methyl alcohol 
solution of xanthydrol. This reaction is sometimes used for the estimation of 
luea, the dixanthydrylurea being weighed (Compt. rend. 159, 307 ), estimated 
colorirnetrically by means of the yellow colour it produces with concentrated 
sulphuric acid (Biochem. J. 22, 711 ) or €38timated by oxidation with standard 
permanganate solution (J. Biol. Chem. 79, 211 ) or better by potassium dichro- 
mate (J. Biol. Chem. 82, 093 ). 

The details of some of these methods are given in the textbooks of physio- 
logical chemistry, such as Hawk and Bergeim or Cole. 
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Alkyl ureas are produced according to the same reactions which yield urea 

(1) when primary or secondary amines act on i«ocyanic esters or isocyanic 
acid : 

CO : NH + NHa-CgHs = NH2CONHC2H5 

Ethylurea. 

CO : NC2H5 + nh(C 2H,)2 - 

Triethyl urea. 

Alkylureas are formed, also, when i^ooyanic esters are heated with water. 
CO2 and amines are produced (p. 190) ; the latter imite with a further molecule 
of ^LSfocyanate : 

HjO CONC2H6 

CO : > CO. + CO(NHC2H5)2. 

(2) They are also obtained by the action of carbamyl chloride and alkyl - 
carbamyl chlorides on ammonia, and priniary and secondary amines (p. 1S7), as 
well as by the action of phosgene on the latter. 

(3) By the action of alkali hydroxides on the urcides, the urea derivatives 
containing acid radicals : 

CHj-NHCONH COCHg + KOH - CRs-NIlCONH. + CHgCO^K. 

Methylacetylurea. Methylurea. 

(4) By desulphurizing the alkyl thioureas with an alcoholic silver nitrate 
solution (Ber. 28, R. 915). 

Alkylureas resemble urea itself so far as properties and reactions are con- 
cerned. They generally form salts with one equivalent of acid. Tliey are 
crystalline salts, with the exception of those containing four alkyl groups. On 
heating those with one alkyl group, cyanic acid (or cyanuric; acid) and an amine 
are produced. The higher alkylated members can be distilled without decom- 
position. Boiling alkalis convert them all into COg and amines : 


CH3NH CONH2 + H.O - CO2 + NH3 -h NH2 CH3. 


Methylurea,, CH3 NHCONH2, m.p. 102^, results on heating methyl acetourea 
(from acetamide by the action of bromine and potussiiin] hydroxide) with 
potassium hydroxide. 

Kthylurea, C2H£j-NHCONH2, m.p. 92^. 
sym-Dietliylurea, CO(Nll-C2tf5)2» m.p. 112'^, b.p. 203^. 
uusym.-Diethyhirca, (C2H5)2NCONH2, m.p. TC. 

Triethylurea, (C2H5)2NCONHC2H5, m.p. b.p. 223°. 

Tctraethylurca, b.p. 210—215 ', has an odour resembling that of peppermint. 
Tetrapropylurea, b.p. 258° (Ber. 28, K. 155). 

Allylurea', C3H5NHCONH., m.i). 85°, is converted by hydrogen bromide 
CTl^ CH O 

into propylene-0-urea (p. 503), | : NH (Ber. 22, 2990 : C. 1898, 

cH.—mi 

IT. 766). “ _ ^ ^ ^ 

DiaLlyl urea, sinapoline, CO(NH-C3H3)2, m.p. 100 , is formed when allyUso- 
cyanato is heated with water, or by heating mustard oil with water and lead 
oxide. Diallyl thiourea is first formed, but the lead oxide desulphurizes it 

Caltimido-ethyl alcohol, HOUHjCH^-NHCON in.}). 9o", is ubtained from 
hydroxyethylamine i!.vocyanate (Ber. 28, K. 1010). 

Cyclic Alkylene Ureu Derivatives. 

The ureas and aldehydes combine at the ordinary temperature, with loss 
of water, to yield the following compounds : 

Mtlhylenturea, CX)<^^f>CH„ consista of wl.ite, granular crystals (Ber. 29, 

2751 : C. 1897, II. 736), and elhyluiciieurea, CO<C[j^}j^CHCH„ m.p. 154°, 


are decomposed, by boiling with water, uito their component parts. 

When HCl gas is passed into a mixture of acetone and urea, there is formed 
triacetone diurca, (CH,)*C[NHCON : ClCHa)^]^ + 3H.O, m.p. 266-268 with 
decomposition (Ber, 34, 2185). 

/NHCHjj p produced on heating ethyl car- 

^2 


Ethyleneurea, ^ 


VOL. I. 


KK 
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bonate with ethylenediamine at 180°. It is also formed, together with hydan- 
toin (p. 499), when parabanic acid or oxalylurea is electrolytically reduced (Ber- 
34 , 3286). Nitric acid produces ethylene dinitronrea. The imion of ethylene 
diamine and cyanic acid, however, gives rise to ethylcnediurca, NHaCONH CHa- 
CHaNHCONHa. 

OH NH 

Trimethyletwurea , m.p. 260°, is obtained from ethyl car- 

bonate and trimethylenediamine ; or by the electrolytic reductiou of barbituric 
acid and related compounds (see Malonyl urea). Similarly, the reduction of methyl 

uracil (p. 629) produces rnethyltrimelhylenetirea^ 

m.p. 201° (Ber. 33 , 3378 ; 34 , 3286). 

Very little is known relative to the action of urea on dialdehydos, aldehyde- 
ketones, and diketones. 

AcetyUncdiurca^ glycol nr 11^ C3H6N4O2, is obtained from glyoxal and urea, as 
well as by the reduction of allantoin (Ber. 19 , 2477). Nitric acid converts it into 
dinUroglycoluril (decomposes at 217°), and when boiled with water passes into 
tflycolureinCf CaH^NgOg, isomeric with hydantoic acid. 

/NH CH NHx /NH CH-N(NO..) , . NH C’HOIl 

co< . V:o, cor . “ ^co, CO 

\NH CH NH/ \NH CH N(N02) NNH CHt )H 

Glycoluril (?). Dinitroglycoluril. (ilycolurciut*. 

Consult Ber. 26 , R. 291, for the action of urea on acetyl ac-etoue. 

Nitrosoureas are formed when nitrites act on the nitrates or sulphates of 
ureas which contain an alkyl group in the amido group : 

N Uroso-methylureay NH2'C0-N(N0)CH3. Nitroso-ayin.-dicthylurea, NH- 
(C2H3)C0N(N0)C2H5, m.p. 5", is a yellow oil at the ordinary Uanperature. The 
reduction of these compounds gives rise to the semicarbazidcs (p. r)03). 

Nitrourea, NOg'NHCONHg, is produced when urea nitrate is introduced into 
concentrated sulphuric acid. It forms a white, crystalline pow(ier wlion nnirystal- 
lized from water. It melts at ld9° with decomposition. It is immediately 
decomposed by sodium hydroxide solution (Ber. 59, 1870). 

unsym.-N /iro-cthylurca, N02*NHC0NH*C2H5, m.p. 130-131°. 

Derivatives of Urea with Organic Acid Radicals : Ureides 

The urea derivatives of the monobasic carboxyhc acids are obtained 
by tlie action of acid chlorides or acid anhydrides on urea. By this 
procedure, however, it is possible to introduce but one radical. The 
compounds are solids ; they decompose when heat is applied to them, 
and do not form salts with acids. Alkalis cause tliem to separate 
into their components. 

Formylurea, NHgCONH CHO, m.p. 167° (Ber. 29 , 2046). 

Acetylureay NH2CONH-COCH3, m.p. 218° (Ann. 229, 30 : C. 1898, II. 181), is 
slightly soluble in cold water and alcohol. It forms long, silky ncedlc.s. (Con- 
sult Ber. 28, R. 63, for the metal derivatives of formyl and acetyl urea.) Heat 
breaks it up into acetamide and t^focyanuric acid. Chloroaretylvrra y 
COCHgCl, decomposes about 160°. Brotnoaceiylurea, NH gCONH COCH^Br, 
dissolves with difficulty in water. When heated with ammonia it changes to 
hydantoin. 

The ureides of the duilkylacetic acidsy such as (C2H5)2CHCONHCON Hg, m.p. 
207°, are also obtained from dialkylmalonic acids (p. 545) and urea by means 
of phosphorus chloride, etc. (C. 1903, II. 813). 

AcetylmtthylureUy CHg-NHCONH-COCHg, m.p. 180°, is obtained from inetliyl- 
urea upon digesting it with acetic anhydride ; and by the action of bromine and 
potassium hydroxide on acetamide (p. 323) : 

2CH,CONH, + Br, = 4 2HBr. 

Diacetylurea, CO(NH COCHa)2, results when COClg acts on acetamide, and 
sublimes in the form of needles without decomposition. 
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Various remedies employed in the treatment of sleeping sickness are derived 
from complex compounds of urea with naphthylaminesulphonic acids and amino - 
benzoic acids [e.g. Gerrnanin) (Z. angew. Chom. 39, 680 : J.C.S. 1927, 3068). 


Ureides of Hydroxy -acids. — Open-chain and cyclic ureides are 
known, particularly those of a-hydroxy -acids, such as glycollic, lactic, 
and a-hydroxyisobutyric acids. The open-chain ureides are obtained 
from the closed-chain members by severing a lactam -union by means 
of alkalis or alkali earths : 


(I) 


0>)CO< 


(1) (5) 

'NH— CH. 


m~co 

(3) (4) 


Hydantoin. 
Cyclic ureldc of 
glycollic acid. 


(II) CO. 


'NHCH2CO2H 


Hydantoic acid, 
open-chain ureide 
of glycollic acid. 


Hydantoin, glycollylurea, C3H4O2N2 (Formula (T) above), m.p. 
216°, possesses the same series of C and N atoms as the glyoxalines 
or iminazoles (p. 399), but the ring is less stable than the glyoxaline 
ring. 

It is prepared (1) by reduction, by means of hot hydriodic acid, of 
allantoin (q.v.) and alloxan (g.r.), both important oxidation products 
of urea. Also, by electrolytic reduction of parabanic acid (oxalylurea) 
(Ber. 34, 3286). 

(2) It is synthetically produced from bromoacetylurea (see above) 
by heating it with alcoholic ammonia, whereby it gives up liydro- 
bromic acid. 

(3) By the action uf urea on dihydroxy tartaric acid (Ann. 254, 

258). (4) By evaporating a solution of hydantoic ester (below) with 

liydrochloric acid (method of preparation). 

Chlorine produces dichlorohydantoin, C 3 H 2 CI 2 O 2 N 2 , m.p. 121°. 
Bromine gives rise to a body which easily changes into parabanic 
acid (see above) (Ann. 327, 355 : 348, 85). Concentrated nitric acid 

I I 

produces l-mtrohydantoin, C 0 -N(N 02 )CH 2 C 0 *NH, m.p. 170°, which 
on being boiled with water evolves COo and is converted into nitro- 
amino-acet amide (Ber. 22, R. 58). Only the 1-NH-group is substituted 

I " ^ n 

on nitration. l-Acetylhydantoin, CON(COCH 3 )CH 2 CONH, m.p. 144°, 
is prepared from hydantoin and acetic anhydride ; it cannot be nitrated 
(Ann. 327, 353). 

When boiled with barium hydroxide solution liydantoin is con- 
verted into glycoluric acid or hydantoic acid : 


CONHCHoCO 




H -{- HoO - n2N CONH CH2 COOH. 


Hydantoic acid, glycoluric acid, NH 2 C 0 NH-CH 2 C 02 H, was 
originally obtained from uric acid derivatives (allantoin, glycouril, 
hydantoin), but may be synthesized by heating urea with glycocoll 
to 120°, by boihng it with barium hydroxide solution (Ber. 39, 2954), 
or by digesting glycocoll sulphate with potassium ^'^ocyanate, similarly 
to the preparation of urea (p. 494). 

Hydantoic acid is very soluble in hot water and alcohol. When 
heated with hydriodic acid it yields CO 2 , NH 3 and glycocoll ; ethyl 
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ester, m.p. 135°, is easily obtained by the addition of potassium cyanate 
to glycocoU ester hydrochloride (Ber. 33, 3418). It is also formed 
from glycine ester and sodium methane (Ber. 38, 305). 

Hydantoin Homologues. — For nomenclature, see the hydantoin formula 
(p. 499) and also Ann. 327, 355. Hydantoin, alkyl iodides, and alkali give rise to 
-alkyl hydanto ins, in which the NH-group between the two CO-groups is alkylated 
(see also Ber. 22, 685 : 25, R. 327). 

The \-alkylhydantoins are formed when urea is fused together with mono- 
alkylie glycocolls. 

^-Methylhydantoin, CONHCH2CONCH3, m.p. 184°, is formed from silver 
hydantoin and iodomcthane. Nitric acid converts it into \ -nit ro-'i -methyl - 
hydantoin, m.p. 168° (Ann. 361, 69). '^-EihyLhydanioin, m.p. 102°. 

l-Methylhydantoin, CO*N(CH3)-CH2*CO*]iH, m.p. 157°, was first obtained 
from creatinine, and is also formed when sarcosine (p. 441) is heated with urea ; 
or by heating the sarcosine with cyanogen chloride (Ber. 15, 2111). 

\ -Ethylhydantoin, m.p. 100°, sublimes readily. 

The 5-Alkylhydantoins may be synthesized by heating the cyanohydrins 
of the aldehydes and ketones (p. 433) with urea (see Ber. 21, 2320) : 

/CN /CO Nil 

K Cn< d- H.>N C0 NH2 - R CH< I + NH3. 

\OH “ \NHC0 

6-Alkylbydaiitoiii. 


^-M ethylhydantoin, (xdactylnrea, (JO*NH-OH(CH8)CO-NH + H2O, m.p. 140- 
145° (anhydrous) is formed, together with alanine from aldehyde ammonia by 
the action of potassium V-wcyanate containing j)otassium cyanate. Also, by 
the action of warm hydrochloric acid on cc-lacturamic ester (ethyl-a-carbamidopro- 
pionate), NH2C0NHCH(CH3)C02C2H5, m.p. 94°, the product of alanine ester 
hydrochloride and potassium cyanate. J..actyl urea when boiled with barium 
hydroxide solution yields lacturamic acid, m.p. 155°. With 2 molecules of 

bromine it is converted into hrornopyrirveide, BrCH : CNHCONHCO, m.p. 242°, 
which unites the excess of lactyl urea to form pyruvic ureide, CgHgN^Oe. 

1 : C)-Dmiethylhydantoin, m.p. 221% and 1 : 5-methylethylhydantoin, m.p. 
85°, are prepared from A luethylalanine and A-ethylalanine respectively, potas- 
siinn cyanate, and hydrochloric acid. 5-Ethylhydaritoin, m.p. 118°, is obtained 
from a-amiiioh)utyric acid (Ann. 348, 50). b-moButylhydantoin, m.p. 210°. 
iw^Batylhydantoic acid is prepared from leucine, urea, and barium hydroxide 
solution ; it is employed in the identification of leucine on account of its slight 
solubility (p. 444) (Ber. 39, 2953). 


5 : 6-Dimethylhydantoin, (x-isobutyrylurea, CONH-C(CH3)2CONH, m.p. 175°, is 
produced from acetone, liydrocyanic acid, and cyanic acid (Ann. 164, 264) ; 
also from pinacolyl sulphourea (p. 509) and KMn04, OL-carbamidoisohutyric acid, 
NH2CO*NHC(CH3)aCOOH, m.p. 155-160° ; both these substances are ureides 
of a-hydroxyi^obutyric acid. 

5 : 5-DicUkylhydantoins, e.g, 5 ; b-diethylhydantoin, m.p. 165°, can also be 
prepared from cyan acetamide, by converting the latter into diethyl cyanaceta- 
mide, and treating this with bromine and alkali solution (Gazzetta, 26, I. 197) : 

/CONH2 /CONH2 /CONH 

(C,H,),C< (C,H^),C< y (C,H,),C< I 

\CN \N : CO \nHCO 

Diethyl cyanacet- 5 ; S-Dlethylhydantoiii. 

amide. 


4 3 2 

CH2— NH— CO 

Hydrouracil, pdactylurea, C4H,N202 = | | , m.p. 275°, is 

CH,— CO— NH 

5 6 1 
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obtained similarly to diethylhydantoin, by treating succinamide with bromine 

CH2CONH2 

and alkali, through an unstable intermediate product, | . It has 

CH2N : CO 

been obtained by several other methods. It results, together with trimethy- 
lone urea, from the electrolytic reduction of barbituric acid (malonyl urea), 
of dialuric acid (tartronyl urea), and of uramil (aminomalonyl urea) (Ber. 34, 
3286). Further, by heating acrylic acid with urea at 210-220°, and from 
^-aminopropionic acid and cyanic acid (Ber. 38, 035). 

6-Methylhydrouracilf (CH3)C4H5N202, m.p. 265°, and 4r-mcthylhydrouracily m.p. 
220°, are similarly prepared by heating urea with methyl acrylic acid and cro tonic 
acid. 4-Methylhydrouracil is also produced from jS-aminobutyric acid and urea, 
and from jS-aminobutyric ester and cyanic acid. 

Bromine in glacial acetic acid yields bromo-derivatives of hydrouracil, which 
easily give up HBr, and are converted into uracils (Ber. 34, 3751, 4129 : 38, 636). 

The uracils or ureides of j3-aldehydo- and keto-carboxylic acids, together 
with those of glyoxylic, oxalic, rnalonic, tartronic, and mesoxalic acids, will be 
considered later in connection with uric acid. 

Dl- and Tri-carboxylamide Derivatives . Ureides of Carbonic Acid. — Free 
dicarbaminic or imidodicarbonic acid and the free tricarbamic acids or nitrogen 
tricarboxylic acids are as unstable as free carbaminic acid itself (p. 490) ; but 
the esters, amides, and nitriles of these acids are known. They sustain the same 
relation to carbamic acid that diglycollamic acid boars to glycocoll : 

(NH,COOH) 

r>ic,Hrl)ainl(llc acid. Tricarbainldic acid. 

Carbamic acid. Iiniuodicarboxyiic acid. Nitrilotricarboxylic acid. 

Dicarbamidic ester, iminodlcarhoxylic ester, NH(C02C2H6)2, m.j). 50°, 
b.p. 215°, results when C3CK >202115 acts on 2 molecules of sodium urethane ; from 
nitrogen tricarboxylic ester by decomposition with alkali ; and from carboxethyl 
^V>cyanate (p. r)2()) and alcohol. The ester yields a sodium salt, NaN(C02R)2» 
more readily than urethane and acetyl urethane (p. 520) (Bor. 36 , 736 : 39 , 686). 

Allophanic acid, NHaCONH-COaH, is not known in a free state. A dlsodium 
salt of this acid, NH2CON(Na)C02Na, appears to be formed when a benzene 
solution of urethane is boiled in the presence of sodium (Ber. 35, 779). Its 
esters are formed (1) when chloroformic esters (1 mol.) act on urea (2 mols.) 
(Ber. 29 , R. 589) ; (2) by passing cyanic acid vapours into anhydrous alcohols 
(p. 518). At first carbamic acid esters are produced ; these combine with a 
second molecule of cyanic acid and yield allophanic esters (Ber. 22 , 1572) : 

HNCO + NH2CO2C2H5 = NH2CONHCO2C2H5. 

From carbamic esters or urethanes (3) by the action of carbamyl chloride (Ber. 
21 , 293) ; (4) carbonyl chloride (Ber. 19 , 2344) or (5) with thionyl chloride (Ber. 
26 , 2172) : 

2NHaC02C2H5 + SOClg - NHoCONH-COoOaHs + HCl + SOo + C2H5CI. 

For the formation of allophanic esters by (b'composition of a-hydroxy-acid 
azides see Ber. 34 , 2794. Nitrogen tricarboxylic ester and also carbethoxyl 
hweyanate, CoHgO CO-NCO (pp. 502, 520) with ammonia, yield allophanic ester 
(Ber. 39 , 686). 

Allophanic ethyl ester, NH2CONHCO2C2H5, m.p. 191° ; propyl ester, m.p. 155° ; 
amyl ester, m.p. 1()2°. 

The allophanic esters dissolve with difficulty in water, and, when heated, 
split up into alcohol, ammonia, and cyanuric acid. The allophanates are obtained 
from them by means of the alkalis or barium hydroxide solution. They show 
an alkaline reaction and are decomposed by carbon dioxide. On attempting to 
free the acid by means of mineral acids, it at once breaks up into COg and urea. 

Cyanocarbamlc acid, cyanarnide carboxylic acid, CN-NHCOgtl, is the corre- 
sponding nitrile acid of allophanic acid. Its salts are formed by the addition 
of CO2 to salts of cyanarnide (Ann. 331 , 270) : 

2CN NHNa + CO2 - NC-N ; C(ONa)2 + CN NHa- 
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The cstrrs of this acid result by the action of alcoholic potassium hydroxide 
on ostei-s of cyanamidedicarboxylic acid. 

Biuret, aUophana7nide, NH2-CO-NH-CO'NH2 + HjO, m.p. 190° (anhydrous) 
is formed on heating the allophanic esters with ammonia to 100°, or urea to 
150-160° : 

NH.CONHs - NH2 CO NH CO NH2 + NHg. 

It is readily soluble in alcohol and water, and decomposes, when heated, into 
NH3 and cyaniiric acid. Heated in a current of HCl, biuret decomposes into 
NH3, CO2, cyanuric acid, urea, and guanidine. The aqueous solution, containing 
KOH, is coloured a violet red by copper sulphate. {The biuret reactioyi : C. 
1898, I. 375; Her. 35, 1105: Ann. 352, 73.) 

Nilrobivrct, NHoCO NH-CO-NH'NOg, m.p. 105° (decomp.), is converted by 
hydrochloric acid and zinc dust into aminobiuret, the hydrochloride of which 
when boiled with water gives urazole (p. 505), and when treated with sodium 
nitrite yields allophanic azide, NH2CO-NHCON3 (Ann. 303, 93). 

Imidodioximidocarbonic acid, Nh(c^q^^) , m.p. 65—70°, is prepared from 

Hg(CH3)2 and nitrogen peroxide (C. 1898, II. 1015). 

CarijKjmyl cyanide, cyaimurea, NHgCONH-CN, the half -nitrile of biuret, is 
formed, like urea from guanidine, from cyanoguanidine or dicyandiamide (p. 515), 
by the action of barimn hydroxide solution ; when digested with mineral acids 
it yields binrct (Her. 8, 708). (See Ber. 25, 820, for alkyl cyanoureas.) 

Carbonyldinrethanc, CO(NHCOOC2H5)2, m.p. 107°, is prepared from urethane 
(C. 1 897, II. 25) and urea by the action of phosgene at 100° ; also from carboxy- 
ethyl ?.<?ocyanate (p. 520) and water. 

Carbonyl d in rea, CO(NIICX)NH2)2, m.p. 231°, is also produced from urethane 
(C. 1897, II. 25), and urea with phosgene at 100°. When heated it passes directly 
into NHg and cyanuric acid (p. 520) (Ber. 29, R. 589). 

Carbonyldiniethylvrca, C()(NHCONH*CH3)2, m.p. 197°, similarly to the above, 
yields A^-methyl cyanuric acid, on being heated (Her. 30, 2616). 

Tricarbamidic ester, nitrogen tricarboxylic ester, N(C()OC2H5)3» b.p. 147° 
/12 mm., is prepared from sodium urethane or sodium imidodicarboxylic ester 
and chlorocarbonic ester. It is a colourless and odourless oil, scarcely soluble 
in water. 

For the action of alkali and of P2O5, see next paragraph. 

Cyan linidodicarboxylic ester, nitrogen tricarboxglic di-eMer nitrile,^ :C — N = 
(C02C2H,)2, results from the interaction of soclium cyanamido, CNNHNa, and 
chlorocarbonic (^stcr. Alkali splits off a carboxethyl group ; causes the 

liberation of COo and 2C2II4, leaving carboxetliyl isocyanate (J. pr. Chem. [2J 
16, 146 : Ber. 39, 686). 

Derivatives of Imidocarbonic Acid. — The do-forms, imidocarbonic 

acid and y>/if(’?vc/o-urea, correspond with carbamic acid and urea : 

NHj-COOH NH ; CiOH)^ COlNHj)^ NH : 

Carbamic acid. Imidocarbonic acid. Urea. i//-Urea. 

These modifications are not known in a free state, but many derivatives 
may be referred to them. 

1 inidocurbonic ester, HN : C(OC2H 3).2, b.p. 62°/36 mm., is produced by reducing 
chloroimidocarbonic ester (Ber. 19, 862, 2656) ; from di-imidooxalic ester (p. 541) 
by the action of alcoholic sodium ethoxide (Her. 28, R. 760), and from cyanogen 
chloride (p. 522) by the same reagent. At 200° it breaks down into alcohol 
and cyanuric ester (Ber. 28, 2466). 

Chloroimidocarbonic ethyl ester, CIN : C(OC2H5)2, m.p. 39°, and the mxthyl 
ester, m.p. 20°, are produced in the action of esters of hypochlorous acid (p. 169) 
on a concentrated potassium cyanide solution. They are solids, with a peculiar 
penetrating odour, and distil with decomposition. Alkalis have little effect 
upon them, whilst acids break them up quite easily, forming ammonia, esters of 
carbonic acid and nitrogen chloride. 

Brornoimidocxirbonic ethyl ester, BrN : C(OC2H6)2, m.p. 43°, results when 
bromine acts on imidocarbonic ester (Ber. 28, 2470). 

Ethylimidochlorocxirbonic ester, CgHaN : CCl(OC2H5), b.p. 126°, is formed by 
the union of ethyl f«ocyanide (p. 293) with ethyl hypochlorite (Ber. 28, R. 760). 
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Derivatives of i/;- or iso-Urea. — Methyl-ijj-urea, NH : m.p. 46°, 

b.p. 82"/9 mm., and ethyl-iji-urea, HN : C{OC2H5)NHj, m.p. 42°, b.p.*96°/16 mm., 
are formed as hydrochlorides by the action of alcohols on equimolecular quantities 

HCl 

of cyanamido and hydrochloric acid : N : CNHg >• HN : C{NH2)(OCH3)- 

CH,0H 

HCl. The hydrochlorides are decomposed when heated in aqueous solution into 
chlorome thane and urea. A similar decomposition occurs with the numerous 
derivatives of these substances. These ^-urea ethers can also be considered as 
being alkoxy-formamidines or aminoformimido-ethers. Chloroformic ester pro- 
duces O-rncthylallophanic ester, CH30C(NH2)NC02C2H5, m.p. 5° ; i^ocyanic 
acid, 0-methylhiiirety CH30C(NH2) : NCONHg, m.p. liS"; acetoacetic ester, 
rnethyluracil (p. 472) ; oxalic ester, O-methyl parabanic acid. Hydrochloric acid 
causes these substances to decompose into chloromethane and allophanic ester, 
biuret, methyl uracil, and parabanic acid. Acetylmethyl-ili-ureay CH30*C(NHj)- 
NCOCH3, m.p. 58° (C. 1904, II. 29 : Her. 38, 2243). 

Ethylene -j/j- urea, 2-n7ninooxazolin6, 

CH2- 0\ CH2— 0\ 

I >C:NH, orl >C-NH2, 

CH 2— NH / CH2— Ni^ 

is produced by the action of bromoethylamine hydrobromido on potassium 
cyan ate or from sodium cyanamide and etliylene chlorohydrin. It forms very 
hygroscopic crystals (Ber. 31, 2832 : Ann. 442, 130). 

Propylene -i/i- urea, CsHg : CON2H2, results from bromopropylamine hydro- 
chloride and potassium cyanate ; as well as from allylurea, by a molecular 
rearrangement induced by hydrobromic acid (Ber. 22, 2991 : C. 1898, II. 760). 

Hydrazine-, Azine-, and Azido-derivatives of Carbonic Acid 

I “ I 

Hydrazinecarboxylic acid, NHgNHCOOH or NH3NHCOO, is precipitated 
when C()2 is passed into a cold aqueous solution of hydrazine, in the form of a 
while powder. It decomposes at 90° into COg and the hydrazine salt of hydrazine- 
carboxylic acid, NH2NHC02-N2H5, m.p. 70° (appr.), b.p. 75°/23 inm., (appr.). 

Ethyl ester, NH2NHC()2C2H5. b.p. 92°/13 mrn., is produced from nitro- 
urethane (p. 493) by reduction with zinc and acetic acid ; also by the decomposi- 
tion of nitrogen tricarboxylic ester with hydrazine. 

Benzalhydrazine carboxylic ester, m.p. 135° (Ann. 288, 293 : Ber. 36, 
745 : 37, 4523 : C. 1905, I. 1222). 

Sodium benzalhydrazine carbonate, CgHgCH : NNHCOgNa, is prepared from 
urea, NaClO, and benzaldehyde (c/. p. 496). 

Azidocarbonic methyl ester, N3CO2CH3, b.p. 102°, is obtained from chloro- 
carbonic methyl ester and amrnonimn nitrate ; as well as from hydrazine 
carboxylic acid and nitrous acid (J. pr. Choin. [2J 52, 461 : Ber. 36, 2057). 

4 3 2 1 

Semicarbazide, carbamic hydrazide, NHg'CO-NH-NHg, is an im- 
portant reagent used for the identification of ketonic compounds, as 
it frequently yields sparingly soluble, crystalline condensation pro- 
ducts, semicarhazones, with them. 

It is formed (1) by heating urea and hydrazine hydrate to 100° 
(J. pr. Chem. [ 2 ] 52 , 465) ; ( 2 ) from hydrazine sulphate and potassium 
cyanide ; (3) from aminoguanidine (Ber. 27 , 31, 56) ; (4) from nitro- 
urea (Ann. 288 , 311). 

AcetaMehyde semicarbazone , NHgCONH-N : CHCH 3 , m.p. 162°, is 
prepared from aldehyde-ammonia and semicarbazide hydrochloride 
(Ann. 303 , 79) : benzaldehyde semicarbazone, NHjCONHN-^CHCeHj, 
m.p. 214°. Acetone semicarbazone, NHgCONHN : C(CH 8 ) 2 j na.p. 187°, 
passes into dimethyl ketazine (p. 269 ) (Ber. 29 , 611). 
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Acetoacetic ester semicarhazone, NHjCONHN : C(CH3)CHaC02C2H5, m.p. 129” 
(Ann. 283, 18), readily passes into a lactazam. Semicarbazide condenses with 
benzil to 1 : 2-diphenyl oxytriazine (Vol. III). 

Alkyl semicarbazides are obtained (1) by reduction of the nitroso-alkyl- 
ureas (p. 498) ; (2) from alkylhydrazinos by moans of isocyanic acid or its esters, 
whereby the secondary NH-group receives the carbamide residue. The alkyl 
semicarbazides only react easily with the aldehydes when the hydrazine NKg- 
group is free (C. 1901, I. 1170 : Ber. 37, 2318). 

2-Methylsemicarbazide, NH2N(CH8), CONHa, m.p. 113°. 2 : 4-Methylethyl- 

semicarbazidey NH2N(CH3)CONHC2H5, is an oil. 1 : 2-Dimet}iyl8emicarbazide 
CH3NHN(CH3)C0NH2, m.p. 116° (Ber. 39, 3263). 

Carbamidohydrazoaceiic ester, m.p. 122°, and ammohyda7itmc ester, m.p. 70-74°, 
are prepared from hydrazinoacetic ester (p. 452) and cyanic acid (Ber. 31, 167). 
\ -Aminohydantoin , m.p. 244°, is formed by loss of alcohol from aminohydantoic 
est«r : 

NHCH.CO2C2H5 NH2NCH2CO2C2H5 NHaN'CHa-CO 

I I II 

NHCONHj CONHj CO NH. 

Carbamidohydrazoacetic ester. Aminohydantoic ester. 1-Aminohydantoin. 

Carhohy dr azide, NHaNH-CO-NHNHa, m.p. 152-153°, is obtained from car- 
bonic ester and hydrazine hydrate on heating to 100° (J. pr. Chem. [2] 52, 469). 
Dibenzal carhohy dr azide, CO(NHN = CHCeH5)2, m.p. 198°. 

I?nidodicarboxylic hydrazide, NHiCONIINHa), m.p. 200° with decomposition, 
is obtained from nitrogen tricarboxylic ester and hydrazine. It is easily decom- 
posed into N2H4 and urazole (see below) (Ber. 36, 744). 

Hydrazodicarboiiic ester, hydraziiiedicarboxylie ester, CgHgOCONHNHCOO-CgH 5, 
m.p. 130°, b.p. with decomposition about 250°, and is prepared from hydrazine 
and ChCOaC^Hg (Ber. 27, 773 : J. pr. Chem. [2] 52, 47G). 

Hydrazodicarhonamide, hydrazofortnamide, NHgCO-NHNH-CONHg, m.p. 245° 
(decomp.). It is obtained from potassium cyanate and salts of hydrazine. It 
also results upon heating semicarbazide (Bor. 27, 57), and from azodicar bo ymynidc 
(see below) by reduction. It yields the latter upon oxidation (Ann. 271, 127 ; 
Bor. 26, 405). NaOCl partially decomposes it into hydrazoic acid, carbon dioxide, 
and ammonia (J. pr. Chem. [2] 76, 433). 

Azodicarboxylic acid, azoformic acid, C02HN=NC02H, is prepared from 
azodicarboxylic amide and concentrated potassimn hydroxide solution, in the 
form of yellow needles, its potassium salt deflagrates at 100°. It readily decom- 
poses in aqueous solution into COo- potassium carbonate, hydrazine, and nitrogen. 
It is not possible to obtain from it the still unknown diirnide NH — NH. Diethyl 
ester, b.p. 106"/13 mm., is prepared from the hydrazo-ester (see above) and nitric 
acid. It is an orange-yellow oil. 

Tlie azodicarboxylic esters, RO*CO'N : N-COOK, are very reactive com- 
pounds which readily fonn addition compounds at the N ; N double bond : 

R-H + EtOCO N : N COOEt EtO CO NH NR COOEt 

Addition compounds have been obtained by this reaction witli alcohols and 
mercaptans (Ann. 437, 309) : with amines and enolic compounds (Ann. 429, 1), 
with aromatic hydrocarbons (Bor. 57, 106). With azoimide alkoxytetrazoles 
and iminodicarboxylic esters are formed (Ber. 57, 1656). 

Azodicarboxylic amide, azoformamide, NHgCON — NCONHg, is formed (1) by 
the oxidation of hydrazodicarboxylic amide with chromic acid, and (2) from 
azodicarboxylic diamidine, NH2C(NH)N : NC(NH)NH2 (p. 516). It is an orange- 
rod powder. 

Carbamic acid azide, azidocarbonic amide, NgCONHa, m.p. 97°, is prepared 
from semicarbazide and nitrous acid ; and by the combination of hydrazoic 
and cyanic acids. Silver nitrate decomposes it into silver cyanate and silver 
azide ; when heated with water it is split up into N 3 H, NHg, and COg. Hydrogen 
sulphide reduces the azide to urea (Ann. 314, 339). Hydrocyanic acid unites 
with it to form urea azocyanide, carbamidocyanotriazene, NHgCONHN : NON. 

Carbodiazide, carbazide, nitrogen carbonyl, CO(N3)2, is produced from carbo- 
hydrazide and nitrous acid : 

CO(NHNH2 HCI)2 -f 2KNO2 = CO(N3)a -f 2NaCl + 4H2O. 
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It forms spear-like, very volatile crystals, of a penetrating and stupefying odour, 
recalling that of phosgene (p. 486) and hydrazoic acid. It is explosive. The 
aqueous solution decomposes into COo and 2 N 3 H (Ber. 27 , 2684 : J. pr. Chem. 
[2] 52 , 482). 

NHa-NH-CO'NH-NH-CO-NH-NHa, m.p. 196% is 
obtained, together with aminourazole, by the action of hydrazine hydrate on 
hydrazidicarboxylic ester (Bor. 43 , 2468). With nitrous acid it yields : 

Hydrazidicarbonazide, Ng-CO-NH-NH-CO-Na, white needles, m.p. 146° (150°) 
(Ber. 47 , 728). 

Cyclic Hydrazine Derivatives of Urea.— Urazole, hydrazodicarbonimide, 
NH-CO\ 

I /NH, m.p. 244°, is formed on heating hydrazodicarbonamide to 200° 

NHCO/ 

(Ann. 283 , 16), or from urea and hydrazine sulphate heated to 120° (Ber. 27 , 409). 
It is a strong, monobasic acid. For its alkylation, see C. 1898, I. 38. 
NH-COv 

Amiiimurazole, | ^N-NHg, m.p. 270°, is probably the same as diurea 

NH-CO/ 

or bis-hydrazinocarboxyl, which is obtained from hydrazo-dicarbonic ester and 
hydrazine hydrate at 100° (Ber. 46 , 2094). 

MetJmiylcarbohydrazide, produced on heating 

carbohydrazide with orthoformic ester to 100° (J. pr. Chem. [2] 52 , 475). 
Hydroxylamine Derivatives of Carbonic Acid. — Hydroxy urethane, HO- 

NHCOgCgHg, or HON ; is a colourless liquid. It is produced when an 

hydroxylamine solution acts on chlorocarbonic ester (Ber. 27, 1254). 

Hydroxyurea, carbanndoxime, NHgCONH’OH, m.p. 128°, is obtained from 
hydroxylamine nitrate and potassium iwcyanate, together with a (? stereo-) iso- 
meric body isohydroxyiirca, m.p. 70-72° (dccomp.), which when heated in alcoholic 
solution changes into the ordinary hydroxyl-urea, 

Methylhydruxyurea, rHgNHCO-NHOH, m.p. 127° (decomp.), and ethyl- 
hydroxyurea, m.p. 129° (decomp.), are formed from methyl and ethyl i^^ocyanate 
and hydroxylamine (C. 1902, I. 31). Dirnethyl-nitroso -hydroxy -urea, (CH 3 ) 2 - 
NCO*N(NO)OH (Ber. 30 , 2356). Aldehyde-derivative of carbamidoxime, 

/NCONHg 

KCH<; I (C. 1908, I. 948) dissolves readily in water and alcohol, but 

\o 

with difficulty in ether. 


SuljjJiur Derivatives of Carbamic Acid and Urea 

The compounds to bo discussed in this section include thiocarbamic acid, 
NHg’COSU, wliich forms two series of esters, the N-esters, NHo-CO-SK (thio- 
carbamic esters), and the O-esters, NHg-CS-OR (sulphocarbainic esters), dithio- 
carbamic acid, NH^-CiSSH, and thiocarbamide, NIlg-CS-NHo or NH : C(SH)-NH 2 . 

Thiocarbamic acid, NHg-COSH, is not known in the free state. Its arn- 
nioniuni mlt, NHg*C()* 8 NH 4 , is prepared by leading COS into alcoholic ammonia 
(Ann. 285, 173). It is a, (colourless, crystalline mass, which is unstable on ex- 
posure to the air. When heated to 130° it breaks up into hydrogen sulphide 
and urea. 

Alkylamines and COS yield alkyl ammonium salts of alkyl carbamine-tliiolic 
acids, such as ethyl rarbauii ne-thiolic acid, C 2 H 5 -NH-CO-SH, and isobutyl carbamine- 
thiolic acid, C 4 H 9 NH-COSH. The mercury salts of these two acids decompose 
when heated into /.socyanic esters and dialkyl ureas (c/. p. 497) (Ann. 359 , 202). 

/S'-Esters. — Thiol-carbarnic methyl ester, NHgCOSCHg, or HO-C( : NHl-SCHg, 
m.p. 95°, and ethyl ester, m.p. 108°, both result from the action of ammonia 
(1) on dithiocarbonic ester (p. 488), (2) on chlorocarboiithiolic ester; (3) by 
the passage of HCl into a solution of potassimn or alkyl thiocyanate (Ber. 14 , 
1083) in alcohol, when the 0-oster is also formed (J. pr. Chem. [2J 16 , 358). 
Those are crystalline compounds which dissolve with difficulty in water. 

Thiol-carbethyl amine ethyl ester, C 2 H 5 NH-COSC 2 H 5 , b.p. 204-208°. It results 
from the union of ethyl 76’ocyanato with ethyl mercaptan. 
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O- Esters. — The esters of sulphocarbamic acid — thiourethanes , the xanthogen- 
amidi'8 — are formed when alcoholic ammonia acts on the xanthic esters (p. 489) : 

C 2 H 5 SCSOC 2 H 5 + NH 3 = NH 2 CSOC 2 H 6 + 

The O -ethyl ester, m.p. 38°, and O-methyl ester, m.p. 43°, are both slightly 
soluble in water. Both esters decompose into mercaptans, cyanic acid and 
cyanuric acid when heated. Alcoholic alkalis decompose thorn into alcohols 
and thiocyanates. 

The aikylthlocarbamic esters are obtained when the mustard oils are 
heated to 110 ° with anhydrous alcohols : 

CS : N C^H, -f C2H3 OH - C2H3NH CS OC2H6. 

They are liquids with an odour like that of leeks, boil without decomposition 
and with acid or alkali break up into alcohols, COg, HgS, and alkylamines, and 
can easily be transformed by halogen alkyls into the isomeric thiolcarbamic 
esters (above) (C. 1899, II. 618). 

Ethylthiocarbarmc ethyl ester. C 2 H 5 *NHCSOC 2 H 5 , m.p. 46°, b.p. 206°. Allyl- 
th ioearbam.ic ethyl ester, CgHp-NHCSOCaH^, b.p. 210-21.5°, is prepared from allyl 
mustard oil. Acetylthioearbamie methyl ester, CH 3 CO-NHCS(OCH 3 ), m.p. 80°, is 
prepared from thiocarbamic ester and acetic anhydride ; or from load thiocyanate, 
acetyl chloride, and methyl alcohol. It is converted by iodomethane into the 
isomeric S-methyl acetylthiol carbamate, CHgCO-NHCOSCHg, m.p. 146° (C. 1900, 
II. 853). 

Ethers are also known derived from the tautomeric form, NH : C(OH)-SH, 
of thiocarbamic acid. 

Dithiocarbamic acid, NH 2 CSSH or NH=C(SH) 2 , is obtained as a red oil 
upon decomposing its ammonium salt with dilute sulphuric acid. It readily 
breaks down into thiocyanic acid, HS’NC, and hydrogen sulphide. Water decom- 
poses it into cyanic acid and 2 H 2 S. Its aynmonium salt, NH 2 -CSSNH 4 , is formed 
when alcoholic ammonia acts on carbon disulphide. It consists of yellow needles 
or prisms. 

Alkyl Dithiocarbamic Acids, Dithiocarballcylarninic Acids . — The amino- 
salts of these compounds are formed by heating together carbon disulphide and 
primary or secondary amines in alcoholic solution : 

OS 3 -f 2 C 2 H 5 NH 2 = C 2 H 5 NH CSSNH 3 C 2 H 5 . 

When the amine salts of ethyl dithiocarbamic acid are heated to 110° dialkylaled 
thioureas arc formed (p. 509) : 

C2H,NHCS SH,iSH2C2H6 - C2H5NHCSNHC2H5 -f H2S. 

If the salts formed with primary amines are heated in aqueous solution with 
me+allic salts such as AgNOg, F0CI3, or HgClg, salts of ethyldithiocarbamic acid 
are precipitated : 

AgNO, 

CgHfiNHCSSCNHaCgHg) ^ CgH^NHCSSAg + HN 03 ,H 2 NC 2 H 6 , 

which, when boiled with water, yield mustard oils or isothiocyanic esters (p. 526). 

The secoyidary amine salts of dithiocarbamic acid give no mustard oil (Ber. 8 , 
107). 

Oxidation with iodine changes the mono- and di-alkyl dithiocarbamic acids 
into thiuram disulphides : 

T SCSNHR 

2 RNHCS SH > I 

SCSNHR. 


These disulphides, when possessing hydrogen atoms available for the reaction 
are decomposed by heat partly into mustard oils, S and HgS, and partly into 
dialky Ithioureas, S, and CSg. Sodium alcoholate converts them into salts of the 
isomeric i^othiurara disulphide. The latter are converted directly into mustard 
oil and sulphur by repeated treatment with iodine (Ber. 35, 817). 


SCS(NHR) SC(NR)-SM i 

I ► I — 

SCS(NHR) SC(NR)*SM 


SCNR 

-f Sj + 2MI. 

SCNR 
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If alkyl or acyl halides are employed instead of iodine, the decomposition 
results in the formation of mustard oil, dialkyl disulphides, or diacyl disulphides 
(pp. 173, 320) (Ber. 36, 2259). Tetraalkyl thiuram disulphides and potassium 
cyanide yield the yellow coloured tliiurajn inonosiilphide. and potassium thio- 
cyanate. These are also obtained from dithiocarbamic salts with dithiocarbamic 
acid chlorides (see below (Ber. 36, 2275)) : 


SCSN(CH3)2 KNC 

I : 

SCSN(CH8)2 


/CSN(CH3)2 C1CSN(CH,)2 /^SN(CH3)2 
KSNC + S/ S< 

\CSN(CH3)2 \NH2(CH3)2. 


Dithiourethanes, dithiocarhamdc esters , are obtained by several methods 
(Ber. 35, 3308 : C. 1903, I. 139). They are readily prepared (1 ) from ammonium 
dithiocarbamate (below) and alkyl iodides : 

CHjI CR 3 I 

NH2CSS NH4 >NH2CSSCH3 ; (CH 3 ) 2 NCS 2 NH 2 (CH 3 )o ^ (CH3)2NCS2CH3. 

It must be noticed, however, that alkylene dihalides, a-halogon ketones, and 
a-halogen fatty esters convert the dithiocarbamatos easily into cyclic thiazolo 
derivatives : 


/NR -CH, 


SC< 


/NHCCH3 


/NHCO 


\s- 


-CH 


SO 


\s— ( 


CH 2 


( 2 ) from chlorodithiocarbonic esters (p. 490) and amines : 


-> C2H,SCSN(C3H7)2 


C 2 H 6 SCSCI + NH(C3H7)2 — 

(3) from thiocyanic esters and H 2 S : 

C 2 H 6 SC ! N+ H 2 S 

The dithiocarbodialkylamine acid esters are stable, whilst the simpler deriva- 
tives easily decompose into mercaptans and mustard oils or thiocyanic acid. 

Dithiocarbamic methyl ester, NH 2 rS 2 CH 3 , m.p. 4T’ ; ethyl cstcr^ m.p. 42"^ ; 
isopropyl ester, m.p. 97° ; eillyl ester, m.p. 32°. 

M ethylclithiocarbamic methyl ester, CH 3 NHCS 2 CH 3 , b.p. ir)0°/20 mm. Di- 
mcthyldithiocarbamic methyl ester, (CH 3 ) 2 NCS 2 CH 3 , m.p. 47°. Excess of alkyl 
iodide converts the dithio- and alkyl dithio -carbarn ic esters into the hydroiodides 
of imidodithiocarbonic esters, HN-C(SCH 3 )'RN : C(SC 2 H 6 ) 2 , which, on hydrolysis, 
yield dithio carbonic, esters (p. 488). 

A cetylelithio urethanes, CH 3 CONHCS 2 R, are produced from acylation of dithio- 
urethane, and from mustard oils by means of thioacetic acid (p. 320). They 
are converted by sodium alcohoiate and iodo-alkyls into acetyl imidodithio- 
carbonic ester, CH 3 CONC(SR )2 (C. 1901, II. 764)! 1903, I. 446). 

Dialkyl thiocarbamyl chlorides, NR 2 CSCI, are formed from thiophosgene and 
amines (Ber. 36, 2274). 

Cyclic Derivatives of Dithiocarbamic Acid. — Carbothialdinc, 

< NHCHCH 3 

I 

S— NH : CHCH 3 

is obtained by heating ammonium dithiocarbamate with aldehyde ; and by 
mixing CS 2 with alcoholic aldehyde -ammonia. It forms large shining crystals. 
Isomeric with this is dimethylformocarhcjthialdinc, CS 2 (NCH 3 ) 2 (CH 2 ) 2 » which is 
prepared from CSo and formaldehyde-methylimide. lodomethane breaks it 
down into mcthylmiidodithwcarbonicdimethyl ester, CH 3 N : C(SCH 3)2 (see above) 
(0. 1896, II. 478). 

/NH— CO 

Rhodanic acid, SC<( | , m.p. 169°, with decomposition, is prepared from 

\S CH 2 

ammonium dithiocarbamate with salts or esters of chloro- or thio -acetic acid ; 


NH2CSSCH2COOH 


-> NH-CS S-CH 


io; 


NHjCS SNH, 

the homologous a*halogen fatty acids behave similarly. Mustard oils (p. 526) 
and thioacetic acid form n-alkyl rhodanic acids. Rhodanic acid condenses with 
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aromatic aldohydos, eliminating water and forming dyes : ArCH : (C3S2NOH) 
(C. 19U3, I. 446 : 11. 836 : 1906, I. 1436 : Ber. 39, 3068). These condensation 
products are valuable synthetic reagents {e.g. for aminoacids, Helv. Chim. Acta. 
5, 610 : 6, 468). 

Thiocarbamide, thiourea ^ sulphourea, or NH : 

m.p. 172'', is obtained (as first observed by Reynolds in 1869 — Ann. 
150, 224) by heating ammonium thiocyanate to 170-180° (Ann. 179, 
113), when a transposition analogous to that occurring in the forma- 
tion of urea takes place (p. 494). This synthesis, however, does not 
proceed wuth ease, and is never complete, because at 160-170° thio- 
carbamide is again changed to ammonium thiocyanate : 

CSN-NH^ ” CS(NH2)2. 

Sulphourea is also produced by the action of hydrogen sulphide (in 
presence of a little ammonia) or of ammonium thiocyanate on cyan- 
amide (Ber. 8, 26) : 

CNNH2 -f SH2 = CS(NH2)2. 

Thiocarbamide crystallizes in thick, rhombic prisms, which dis- 
solve easily in water and alcohol, but with difficulty in ether ; they 
possess a bitter taste and have a neutral reaction. 

Reactions. — (1) When sulphocarbamide is heated with water to 
140° it reverts to ammonium thiocyanate. (2) If boiled with alkalis, 
hydrochloric acid or sulphuric acid, it decomposes according to the 
equation : 

CSN 2 H 4 b 2 H 2 O = CO 2 + 2 NH 3 f H 2 S. 

(3) Silver, mercury, or lead oxides and water convert it, at ordinary 
temperatures, into cyanamide, CNgHg ; and on boiling into dicyandi- 
amide (p. 515). (4) KMn 04 changes it, in cold aqueous solution, into 

urea. (5) In nitric acid solution, or by means of H 2 O 2 in oxalic acid 
solution, salts of a disulphide, [NHo-C^: NH)*S — Jz, not known in a 
free state, are produced (Ber. 24, R. 71). (See Ber. 25, R. 676, 
upon the condensation of thiourea with aldehyde-ammonias.) Sul- 
phourea condenses with a-chloroaldehydes and a-chloroketones to 
amiiiothiazoles (Vol. III). It yields aromatic glyoxaline derivatives 
(Vol. Ill) when heated with benzoin. 

Constihition. — The behaviour of thiourea when oxidized in acid solution, and 

NH 

certain other reactions, rather support the formula Nil : ^ instead of the 

diamide formula {rf. J. pr. Chem. [2J 47 , 135). 

Werner has suggested, on the grounds of the high melting point and solubility 

/NH 2 

in water of thiourea, the internal salt formula NH : C<r | .On the ground 

\8 

of the erpiivalence of the atoms combined with the C atom. Lecher has suggested 
/.NH 2 ) 

the dipole formula S ‘Cj ^ . which also represents the hybrid nature of 

\NH 2 j 

thiourea. (Discussion on constitution, see Ann. 438, 169.) 

Thiocarbamide forms salts with one equivalent of acid, to which the 

name ih:iuronium aalta and the constitution y has been ascribed. 

\'NhJ 

(See also Ann. 445 , 35.) 

The nitratCy CSNgH^, NHO3, forms large crystals. Hydrochloride y see C. 1902, 
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I. 113. Gold chloride and platinum chloride precipitate red double salts from the 
concentrated solution. Silver yiitrate precipitates the complex, .B.AgNOj (Ber. 
24, 3956 : 25, 683). These numerous heavy metal compounds may be regarded 
as organic molecular compounds (see Pfeiffer, Org. Molekiilverb., 1922, p. 130). 

Alkylthiocarbamides , in which the alkyl groups are linked to nitrogen, are 
produced — 

(1) On heating the mustard oils with primary and secondary amino bases 
{A. IF. HofmanUy Ber. 1 , 27) : 

NH 3 + OS : N C 2 H 5 NHa-CS NHCgHs. 

Ethylthiocarbaiiiide. 

4- CS : N-aHs = NIICaH^CSNHCaHs. 

» 2 /»i.-l)iethylthiooarbaniide. 

NH(C2H,)2 1 CS : N C 2 H, N(Cyf5)2CSNHC2H5. 

Triethylthiocarbaniidi!. 

(2) By heating the amine salts of the alkyl dithiocarbamic acids (Ber. 1 , 25) 
(p. 506) : 

C2H5NHCS-SNH3C2H5 C2H5NH CS NilC2il5 + H.S. 

(3) By heating the corresponding arninothiocyanates (Ber. 24, 2724 : 26, 
2497). 

Ethylthiocarhamidey NH 2 CSNH-C 2 H 3 , m.p. 113'^, dissolves readily in water 
and alcohol. Bym.-Diethylthiocxirbamidey CS(NH * 0214 5 ^) 2 , m.p. 77'^. Triethyl- 
thiocarbamide y m.p. 26"", b.p. 205°. 

Methylthioureay m.p. 119°. sym. -Diniethylthiourea, m.p. 61° (Ber. 24, 2729 ; 
28, R. 424). unsym.-Dimethylthioureay Nll 2 CSN(CH 3 ). 2 , m.p. 159° (Ber. 26, 
2505). TrtramelhyUhiooreay m.p. 78° (Ber. 43, 1857). 

Propiflthioureay see Ber. 23, 286 : 26, K. 87. 

Allyithiocarbamide, thiosinaminey NHa'CS-NH-C/gH^, in.]). 74°, is obtained 
from allyl mustard oil (p. 526) and ammonia. Tt is readily soluble in water, 
alcohol and ether, it is cunvortod when heated with mercuric oxide or lead 
hydroxide into allylcyanamide (sinainino) (p. 529) wliioh ]>(>ly meriz.es to triallyl- 
melamine. Hydrogen bromide converts it into the isomeric pvopylenopseudo- 
thiourea (p, 510) (c/. Ber. 29, K. 684). 

Diallylthiocarbarnidcy m.p. 49 ’, is prepared from allyl mustard oil and allyl- 
amine (C. 1898, II. 768). 

Reactions of the Alkyl Thioureas. 

(1 ) The thiocarbamides regenerate amines and mustard oils by distillation 
with 1 * 2 ^ 6 , or when heated in HCl-gas : 

CaH.-NHCSNHCyi, - C 2 H 5 N : C : S + NH..C 2 H 5 . 

(2) The sulphur in the alkyl thiocarbamides will be replaced by oxygen if 
these compounds are boiled with water and mercuric oxide or load oxide, 
(a) Those that contain two alkyl groups yield the corresponding ureas : 

(C 2 H,NH) 2 CS + HgO - (C.2H,NH)2C0 + HgS ; 

whereas [b] the mono -derivatives pass into alkyl cyanamides (and melamines) 
after parting with hydrogen sulphide (p. 529). 

CaH.NHCSNHa = C.H^NHC • N + H 2 S. 

(3) On digesting the dialkyl sulphocarbamides with mercuric oxide and amines, 
sulphur is exchanged for the imido-group and guanidine derivatives appear 
(p. 512) : 

(C 2 H,NH) 2 CS + NH 2 C 2 H 5 + HgO = (C 2 H,NH) 2 C : NC 2 H 3 + HgS + H 2 O. 

Consult Ber. 23, 271, upon the constitution of the dialkyl sulphocarbamides. 


/NHCH2 /NHCH2 

EthylenethiocarbamideyCS<(^ | or HS -e'er 1 , m.p. 19.'! 

\NHCH2 ^N— CH2 

from ethylenediamino and carbon disulphide (Ber. 5, 242). 

/NHC(CH3)2 

Pinacolul thiocarbamidcy carbothiacetoniney SC^ 1 , m.p, 

\NHC(CHa), 


is obtained 

240-243°, is 
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formed by the action of ammonia on carbon disulphide and acetone (Ber. 29, 
R. 669). ‘ 

Derivatives of p^e^/dothiocarbamide. — In the preceding derivatives — 
whether they are derived from the sym.- or unsym.- sulphocarbamide formula or 
not — the alkyl groups were in all cases joined to nitrogen, whereas the compounds 
about to be described must be considered as derivatives of pA-e?^osulphocarbamide. 

The alkyl pseudo&ulphocarbawides result upon the addition of alkyl iodides to 
the thioureas. The alkyl groups contained in them are known to be united with 
sulphur because, when they are acted on with ammonia, they are changed to 
guanidines and mercaptans. They also easily condense, like the 0-urea ethers 
(p. 503), with j8-aldo- and )3-ke to -carboxylic esters into the cyclic derivatives and 
mercaptopvrimidines, which are hydrolysed into mercaptans and pyrimidines 
(Ber. 11, 492: 23, 2195: C. 1903, I. *1308: 1905, I. 1710): 


PTT ^ NH -r|"r . NaOCH^ OTT 


»|/-Methylthiourea 

hydriodide. 


Sodium formyl- 
acotic ester. 


Methylthioloxypyrimi- 

dine. 


Alkylene Derivatives of p/<eMdothiourea. 

/S — CH2 /S— CH2 

Ethylenepseudothioureay HN : C<( 1 , or NH2C<^ 1 , m.p. 85°, is 

\NHCH2 ^N—CHa 

obtained from bromoethylamine liydrobromide and potassium thiocyanate. It 
is a base with strong basic properties, and its salts crystallize well (Ber. 22, 1141, 
2984 : 24, 260). 

/S — CHCH3 

Propyhi)irpseudothlonreay NH2C<^ | , formed from bromopropyl- 

^N— CH2 

amine and potassium thiocyanate, is perfectly similar. It also results from 
allylthiourea by action of hydrobromic acid (p. 509) : 


-CH ^.HBr CH^OHBr 

I ^ I 

CHoNHCSNH , CHoNHCSNH, 


.UBr OH3CH Sx 

► I )>C-NH, 

CHi— 


N N N ' S t ratneth ylpQeudothimirea y ]VIeS-C( : NMe)-NMo2, is a compound con- 
taining alkyl groups attached to sulphur and also to both nitrogen atoms. It 
is a colourless liquid, b.p. 176°, which is obtained from trimethylthiourea and 
methyl iodide (Bull. Soc. Chim. 1_4| 7, 988) or methyl sulphate. This compound 
and the isomeric tetramethylthiocarbamido (p, 509) yield with methyl iodide 
the same thiui’onium compound (Ann. 438, 171). 

A^etylpmxidothioureay NH2*C( : NH)-S-COCH.3, m.p. 165”, is obtained from 
thiourea by heating it with acetic anhydride ; also from cyanamide (carbodiimide, 
p. 528) and thioacetic acid. This second method argues for the compound being 
a derivative of pseta/osulphocarbainide. 

Carbalkoxy carbamideSy ihio- or ifj-thio-allophanic cstcrsy ROOC NHCSNHg or 
R00C-SC(NH)NH2, is produced by the addition of ammonia or amines to the 
carbalkoxy thiocarbirnides (p. 528) (C. 1901, II. 211), and by the interaction 
of chlorocarbonic esters on thiourea (C. 1903, I. 1123). Ditkiobiunt, RgNCS*- 
NK-CSNR2, and ifj-dithwbiurety R2NC(NR)S-CSNR2 (Ber. 37, 4317). 

p«eadoThiohydantoin, C8H4N2S (below), is obtained when chloroacetic acid 
(Ann. 166, 383 : Ber. 31, 137) acts on sulphocarbamide, and was formerly 

/NHCO 

thought to be the real thiohydantoin, CS<^ | . However, its formation 

\NHCH2 

from cyanamide and thioglycollic acid (p. 429) and its decomposition, when 
boiled with barium hydroxide solution, into thioglycollic acid and dicyandiamide 
prove that it is a p^e^^dothiocarbamide derivative, which contains the ring 
occurring in thiazole compounds (Ber. 12, 1385, 1588). Similar thiazole deriva- 
tives lesult when monochloroacetic acid is replaced by a-brornopropionic acid, 
bromoinaleic acid, and other halogen -carboxylic acids ; ' also when unsaturated 
acids are employed, such as citraconic acid, to react with thiourea (C. 1897, I. 
853). psettdoThiohydantoin crystallizes in long needles, which decompose at 
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about 200°. When boiled with acids, it loses ammonia and is changed into 
isothiocyanoacetic acid (p. 526). It is closely related to rhodanic acid (p. 507) : 
/NHCO /NHCO /NHCO 

oc/ I SC< I HN : C< | 

\S— CHj \S— CHj \S— CHj 

isoThiocyano- Ilhodanic acid. psgwt/oThiohydantoin. 

acetic acid. 

Alkyl hydroxy thioureas are formed by the action of an ethereal solution of 
anhydrous hydroxy lamine and jS-alkylhydroxy] amines on mustard oil in ether. 
The monoalkylhydroxythioureas readily decompose into sulphur and alkyl ureas 
{cf. on the contrary phenyl hydroxytliiouroa (Vol. II)) ; the dialkyl hydroxy- 
thioureas are stable. Ethylhydroxy thiourea, CgH^NH-CSNOH, rn.p. 109“ ; syrn.- 
diethylhy dr oxy thiourea, C 2 H 6 NH-CS*N 05 ,Hji)OH, m.p. 81° (Ann. 298, 117). 

Hydrazine Derivatives of Thiocarbonic Acid. — Dithiocarbazinic acid 
hydrazine salt, NHgNH-CS-SNHg-NHg, m.p. 124°, is formed by the interaction 
of hydrazine hydrate and CS 2 (Ber. 29, R. 233). oL-Carbarnyl-P-thiocarbamyl- 
hydrazine, HgN-CSNH-NHCONHg, m.p. 218-220° (decomp.), is formed from 
thiosemicarbazide hydrochloride and potassium cyanate (Ber. 29, 2508). Boiling 

concentrated hydrochloric acid converts it into thiourazolcy m.p. 

NHCO 

177°. oiP'Dithiocarbamylhydrazine, NHaCSNH-NHCSNHjj, m.p. 214°, results 
when a solution of hydrazine sulphate and ammonia thiocyanate is boiled (Ber. 
2 ^- ' 1 . * 4 

Thiosemicarbazide, NHg-NHCSNHg, m.p. 181°, is formed together with 
ajS-dithiocarbamyl liydrazino (see above), when hydrazine sulphate and am- 
monium thiocyanate are boiled together in solution. Like semicarbazide (p. 503) 
it readily reacds with aldehydes and ketones to form ihioseinicarbazones, KCII :- 
NNHCSNHg, R 2 C : NHNCSNHg. They are particularly suitable for isolating 
aldehydes and ketones on account of the insoluble precipitates given with silver, 
mercury, and copper salts (Ber. 35, 2049). 4:^Methylthioseniicarbazide, CHaNH-- 
CSNIINH 2 , m.p. 137°; 2 : 4:^dimethylthiosem{carbazide, CH 3 NH-CSN(CH 3 )NH 2 , 
m.p. 138°, and 2 : l-mcthylallylthiosernicarbazide, m.p. 57°, are prepared from 
hydrazine and methyl hydrazine with methyl and allyl mustard oil respectively. 
They combine readily with aldehydes (Ber. 37, 2320). oc^-Dithiocarbarnyl 
diallylaminc, CgHsNH-CSNH-NH-CSNHCsHj, (Ber. 29, 859). 

Forynylmethylthiosemicarbazide, m.p. 167°, yields, with acetyl chloride 7nethyl- 
imidothiobiazoline, m.p. 245° (Bor. 27, 622) : 

NH— NH NH N 

I I ^ I II 

CH3NHCS cno CH3N : C— S— CH. 

NH— CS\ 

Dithiour azole, \ /NH, m.p. about 245° (decomp.), is formed on heating 

NH— CS/ 

a)3-dithiocarbamylhydrazine with hydrochloric acid . The hydrochloride of imido- 
NHCS V 

thiourazole, | >NH, is produced at the same time (Ber. 28, 949). 

NH-C(NH)/ 

Appendix. Fotassium diazometluDiedis^uJphonate, N 2 C(S 03 K) 2 , orange-yellow 
needles, is prepared from potassium aminomethanedlsulphoyiate, NH 2 CH(S 03 K) 2 , 
the addition product of potassium cyanide and two molecules of potassimn 
bisulphite, by means of nitrous acid. With iodine it yields potassium di-iodo- 
methanedisulphonate, l 2 C(S 08 K )2 ; and is converted by heat into potassium 
azinometha^iedisulphouate, (SOaK) 2 C : N*N : C(S 03 K) 2 , in the form of colourless 
crystals. The action of diazobenzene (Vol. II) on the potassimn bisulphite 
compomid with potassimn diazomethane disulphonate produces potassium 
methanedisulpdionate phenylhydrazone, CgHg-NHN : C(S 03 K )2 and ultimately 

Jormazylsulphonic acid, (Ber. 29, 2161). 

Guanidine and its Derivatives 

Guanidine is, upon the one hand, very closely related to ortho- 
carbonic ester (I) urea and thiocarbamide, and, upon the other, to 
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cyanamide (II) (p. 628), and all are inter-connected by a series of 
reactions. 

I. CiOCjHj)! -f 4NH8 ClNHj)! >- NH : CCNHj)^ -f NH, 

Kthyl Unknown. Guanidine, 

orthocarbonate. 

II. NHj, C i N + NH 3 ^ NH : 

Cyanamide. 

Guanidine may be regarded as the amidine of carbamic acid, just 
as the pseudo-forms of urea and thiourea, HO-C(: NH)-NHo and 
HS*C(: NH)*NHo, are the amidines of carbonic and thiocarbonic acids. 

Guanidine, HN ; C(NH 2 ) 2 , was first obtained {A. Slrecker, 1801) 
by the oxidation of guanine (a substance closely related to uric acid, 
and found in guano) with hydrochloric acid and potassium c^hlorate. 
It is found in vetch seeds and in beet- juice (Ber. 29, 2051). It is 
also important as the substance from which creatine is derived. It 
is formed synthetically (I) by heating cyanogen iodide and NHg, and 
from cyanamide (p. 528) and ammonium chloride in alcoholic solution 
at 100" ; 

Nll^ Cr N -I NH4CI = (Il2N),C : NH,HC 1 . 

This is analogous to the formation of formamidine from hydro- 
cyanic acid. 

(2) It is also produced by heating chloropicrin or (3) esters of 
orthocarbonic acid, with aqueous ammonia : 

CCl3(NOo) 4 - 3NH3 - (H2N)2C : NH + 3 IIC 1 -f HNOo 
C(0(yi3)4 -h 3NH3 ( HgN).^ ; NH + 4 C 2 H,OH. 

(4) It is most readily prepared from the thiocyanate, which is 
made by prolonged heating of ammonium thiocyanate to 180-190"", 
and the further transposition of the thiourea tliat first forms (Ber. 
7, 92) : 

2NH4S^X' - 2(H2N)20S - (H 2 N) 2 C : NH,CNSH + H.S. 

The crystals of guanidira: are very soluble in water and alcohol, 
and deliquesce on exposure. Barium hydroxide solution changes it to 
urea. Guanidine salts of the fatty acids are converted by heat into 
guanamines, which will be described with the cyanurie eompounds 
(p. 520 ). 

Salts . — Guanidine is a strong base which absorbs carbon dioxide 
from the air and forms crystalline salts with one equivalent of acid. 
In these the acid hydrogen becomes attached to the imino-nitrogen 
thus: (NH2)2C:NHHC1 (Ann. 438, 154). 

The nitrate^ i^-HNOg, forms large plates, sparingly soluble in water. The 
hydrochloride, i^-HCl, forms a platinichloride crystallizing in yellow needles. The 
carbonate, i^g-HgCOa, forms quadratic prisms : it reacts alkaline, and has been 
used for the standardizing of standard acid solutions. The thiocyanate, J^-HSCN, 
crystallizes in large plates, m.p. 

Silver guanidine, CNgAggHg, H 2 O (Ann. 302, 33). 

Alkylguanidines. — Alkylguanidines are formed (1) by heating cyanamide 
with primary amine hydrochlorides, e.g, methylarnine hydrochloride yields 
methylguanidine. 

(2) By boiling .^m. -dialky Ithioureas (p. 509) with mercuric oxide and ethyl- 
amine in alcoholic solution (Ber. 2, 601), e.g. trie thy IguaJii dine. 

Ethylguanidine. Picrate, m.p. 180^" (Z. physiol. Chem. 154, 293). 

-Dimethyl-'^^' -ethylguanidine. Picrate, m.p. 148-152°, (Z. physiol. Chem. 
154, 293). 
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The alkylguanidines are reconverted into thioureas by heating with carbon 
bisulphide, the : NH group being replaced by S. 

P entaalkyhjuanidines are obtained from tetraalkylp.sY'adothioureas and dialkyl - 
amines, preferably in presence of mercuric chloride (Ber. 56, 1326) : 

SR + HNRj >. NRj + RSH. 


Pentamethylgimnidiney m.p. adds on one mol. of methyl iodide readily, 

to form hexamethylguanidoniurn iodide. 

Ethyleneguanidiney from cyanogen bromide and ethylenediamine. Hydro- 
bromide y m.p. 125^" (Ann. Chim. [9] 11 , 361). Ethylenediguanidiney from ethy- 
lenediamine and >S'-methylp.sr(^ucZothiourea (Z. physiol. Chem. 155, 306). 

Agmatine, h-aminohutylguanidine, NH 2 -C(:NH)-NH*[CH 2 ] 4 *NH 2 , the base 
corresponding to the amino -acid arginine, has a weak insulin-like action on the 
blood sugar (Naturw. 1927 , 213). Systematic synthetic studies in an attempt 
to improve this blood -sugar loweiing effect of agmatine led to the discovery of 
synthaHuy decamethylcncdiguanidiney NH 2 -C(:NH)-NH-[CH 2 ]io-NH-C(:NH)*NH 2 , 
which has a definite blood-sugar lowering effect (Frank, Nothmann and Wagner, 
Klin. Wochenschrift, 1926 , 2100). Subsequent investigations have shown that 
a largo part of its action is due to toxic effects on the liver, and it has not fulfilled 
the original hopes as an insulin substitute effective when taken by mouth. 

Vitiatine-y li^-methylethylenediguanidiney NH 2 -C( : NH)*NH-[CH 2 ] 2 ‘NMe-C- 
( : NH)-NH 2 , is a base isolated by Kutscher from urine and meat extracts. Gold 
.salty m.p. 167". Synthesis from cyanamide and A-methylethylenodiamine, Z. 
physiol. Chem. 153 , 67 : Z. angew. Chem. 39 , 677). 

Acylguanidines are obtained by heating guanidine hydrochloride with acid 
chlorides under pressure (C. 1903, II. 988). 

Guatiidino Acids. — The important compounds creatine and creatinine 
belong to this class of substances. 

Glycocyarniney gumndinoacetic acidy KH 2 -C( : NH)’NH*CH 2 *COOH, is obtained 
by the direct union of glycocoll with cvanamide r or by heating guanidine car- 
bonate with glycocoll (C. 1905, 1. 156) : 

NH2(NH)CNH2 + NH2CH2COOH = NH2(NH)CNHCH2C00H -f NH3. 


It dissolves with difficulty in cold water and rather readily in hot water, 
whilst it is insoluble in alcohol an<l ether. It forms salts with acids and bases. 
When heated it becomes carbonized without melting. 

/NHCO 


Glycocyainidiney glycolyl gnanidhiCy N K — 


NHCH 2 


to glycocyamine as hydantoin to hydantoic acid : 


bears the same relation 


/NH 2 

CO< 

\NHCH2CO2H 

Hydantoic acid. 


/NHCO 
CO< I 
\NHCII 2 
Hydantoin. 


/NH 2 

NH = C< 

\NHCII2CO2H 

Glycocyamine. 


NH=C<^ 


NHCO 

I 

NHCHo 

Glycocyamidine. 


It is produced when glycocyamine hydrochloride is heated to 160° or by the 
interaction of guanidine and ethyl amiuoacetate at 0° (Z. physiol. Chem. 173 , 51). 


Creatine, methylglycocy amine, methylguanidinoacetic acid, 
)CH 00 H’ discovered in 1834 hy Che vreul in 

meat extract (^giagy flesh). Liebig (1847) gave it a thorough in- 
vestigation in liis classic research entitled Ueber die Bestandtheile 
der Fliissigkeiten des Fleisches ” (Ann. 62, 257). It is found especially 
in the fluids of muscles and can be prepared from meat extract (Z. 
physiol. Chem. 112, 53). It may be prepared artificially (J. Volhard, 
1869), like glycocyamine, by the union of sarcosine (methyl glycocoll) 
with cyanamide : 

CNNH 2 + NH(CH3)CH2C02H = H2N(NH)CN(CH3)CH2C00H. 

VOL. I. I*L 
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Oeatine crystallizes with one molecule of water in glistening 
prisms. Heated to 100°, it loses the water of crystallization. It 
reacts neutral, and has a faintly bitter taste. It dissolves rather 
readily in boiling water, but with difficulty in alcohol ; and yields 
crystalline salts with one equivalent of acid. 

(1) When digested with acids, creatine loses water and becomes 
changed into creatinine (see below), and (2) with barium hydroxide 
solution it is converted into urea and sarcosine : 


NH = + NH(CH3)CH,CO,H. 


Ammonia is liberated at the same time, and /9-methylhydantoin 
is formed. (3) When its aqueous solution is heated with mercuric 
oxide, creatine yields oxalic acid and methyl guanidine. (4) With 
acetic anhydride it yields diacetylcreatme , m.p. 165"^ (Ann. 284, 51). 

A derivative of creatine, phosphocreatine (phosphagen), to which 
the structure (HO) 2PO-NH*C(: NH)-NMe*CH2-COOH has been assigned, 
is of importance in the chemical reactions which take place during 
muscular contraction (Biochem. J. 21, 190 : J. physiol. 63, 155 : 
Science, 65, 401 : 67, 169 : J. Biol. Chem. 81, 629 : Naturwissens- 
chaften, 16, 47 : Biochem. Z. 195, 22). 

Creatinine, methylglycocyamidine, NH 1 , occurs con- 

\n(CH3)CH2 

stantly in urine (about 0-25%, and is readily obtained from creatine 
by evaporating its aqueous solution, especially when acids are present. 
It crystallizes in rhombic prisms, and is much more soluble than 
creatine, in water and alcohol. It is a strong base, which can expel 
ammonia from ammonium salts and yields well-crystallized salts with 
acids. It also forms a number of compounds with neutral salts and 
its zinc chloride, compound, (C4H7N30)2,ZnCl2, is characteristic. The 
latter is a sparingly soluble crystalline powder precipitated from 
creatinine solutions by the addition of zinc chloride, and creatinine 
can be obtained from urine by making use of this compound. 

(1) Bases cause creatinine to absorb water and revert to creatine. 

(2) Boiled with barium hydroxide solution it decomposes into /3-methyl 
hydantoin and ammonia : 


/NH 

-CO 

/NH - 

-CO 

NH : C< 

1 -f H„0 - CO< 


1 

\N(CH3)- 

-CH 2 

\N(CH3)- 

-CH 


+ NH3. 


(3) When boiled with mercuric oxide it breaks up like creatine into 
methyl guanidine and oxalic acid. 

When creatinine is heated with alcoholic ethyl iodide, the am- 
monium iodide of ethylcreatinine, C4H7(C2H5)N30*1, is produced. Silver 
oxide converts this into the ammonium base, C4H7(C2H5),N30*0H. 


Crmtinoly NH 2 *C( : NH)‘NMe-CH2-CH20H, is obtained from pseudoihiowcQo, 
ethers and methylaminoethanol (Z. angew. Chem. 39, 677). 

QC‘Ghianidinopropionic acid, (N 2 H 8 )C-NH-CH(CH 3 )COOH, m.p. 180°. p-Ouani- 
dinopropionic acid, m.p. 206-213°, with decomposition, when heated with hydro- 
chloric acid yields the hydrochloride of p-alacreatinine, HN : (IjNHCH.CHsCONH 
(C. 1905, I. 156). 

Guaneides of Carbonic Acid. — Guanoline, guanyl urea, biguanide, and 
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probably dicyandiamide, corresponding with allophanic ester, biuret, and cyan- 
urea (p. 502), are derivatives of the guaneide of carbonic acid. This is not known, 
and probably cannot exist : 


CO<: 


•NH, 


NHC0,C2H5 

Allophanic eater. 

NH : 

Guanoliue. 

NH : C<nhc(NH)NH2 

Biguanide. 




Biuret. 


'-^^^NHCN 

Cyanurea. 


NII:C<NH^0NH, 

Guanyl urea. 

Dicyandiamide (?). 


Guanoline, guanidinocarhoxylic ester, NH : C H ^ m.p,, 

dehydrated, 114°. It is obtained from guanidodi carbonic diethyl ester, NH : C- 
(NH-COgCgHfila, m.p. 162°, the reaction -product arising from chlorocarbonic ester 
and guanidine, through the action of ammonia (Ber. 7, 1588). 

NH 

Dicyandiamidine, guanylurea, NH : ^<Ci^H*CO*NH ’ formed (1) by the 

action of dilute acids on dicyandiamide or cyanimide, or (2) by fusing a guani- 
dine salt with urea (Ber. 7, 446), (3) from urea by heating it with benzene sulpho- 
chloride, whereby it is obtained as a benzerie sulphonate (C. 1901, I. 885). It 
is a strongly basic, crystalline substance. It forms a vo])])rr derivative having 
a characteristic red colour, and a yellow nickel compound, ^ 002)2 + H2O 

(Ber. 39 , 3356). When digested with barium hydroxide solution it decomposes 
into CO2, 2NH3, and urea (Ber. 20 , 68). 

NH 

Biguanide, guanylguanidine, jj )NH ’ formed (1) on 

heating guanidine hydrochloride to 180-185°; (2) when cyanoguanidine is 

heated with ammonium chloride. It is a strongly alkaline base, forming a copper 
derivative with characteristic red colour. Chloroform and alkali hj^droxide 
convert it into formoguanamino (p. 531). 

NH 

Dicyandiamide, param>, cyanoguanidine, NH : ^<Cnh**CN* 

suits from the polymerizat-i(jn of cyanamide upon long standing or by evaporation 
of its aqueous solution, and can easily be prepared from tecdinical calcium or 
sodium cyanamide (p. 529) (C. 1905, II. 1530, etc.). Contrary to the two sub- 
stances described above, it is a neutral body. Ammonia converts it into bi- 
guanide ; dilute acids into guanyl urea. With pij^eridine it forms a biguanide 
derivative (Ber. 24 , 899 : 25 , 525), with hydrazine hvdrochloride when heated 

/NHNH 

in alcoholic solution it gives guanazole, NH ; C<^ | , m.p. 206° (Ber. 27 , 

\N HC : NH 

R. 583) ; both reactions form a basis for the ascribed formula. 

Thiocyanodiamidine, guanylthimirea, NH2CSNHC(NH)NH2, is obtained 
from thiourea and PCI 5 or thiophosgene. It is isomerized at 100° to guanidine 
thiocyanate. Silver salts produce dicyanodiamide with loss of HgS {cf. Ber. 36 , 
3322). 


Nitro-, amino-, and Hydroxy- guanidines and their transposition 

products . 

Of these substances, nitroguanidine is the most suitable material for the 
preparation of a series of remarkable guanidine and urea derivatives [Thiele, 
Ann. 270 , 1 : 273 , 133 : Bor. 26 , 2598, 2645). 

Nitroguanidine, NH2-C(:NH)-NHN02, m.p. 230°, results entreating guanidine 
with a mixture of nitric and sulphuric acids. It dissolves with dithculty in cold 
water, more readily in hot water, and particularly freely in alkalis, because of 
its feeble acid character. 

Nitrosoguanidine, NH2*C(;NH)-NH*NO (?), is produced by reducing nitro- 
guanidine with zinc dust and sulphuric acid. It consists of yellow needles, which 
explode at 160-165°. 

Aminoguanidine, NH2*C(:NH)-NH*NH2, results when nitro- and nitroso- 
guanidine are reduced with zinc dust and acetic acid, or by electrolysis in neutral 
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solution with a zinc cathode (C. 1906, 1. 1066), and can be precipitated as a slightly 
soluble bicarbonate (Ann. 302, 333). Free aminoguanidine decomposes readily 
when boiled with acids, with the intermediate formation of semicarbazide (p. 503), 
into carbonic acid, ammonia, and hydrazine, which can therefore be conveniently 
prepared in this manner : 


NH • 


llaO 
>■ 




HjO 
> 


CO 2 4- 


NH2NH2 

NH 3 


Aminoguanidine forms well -crystallized compounds with dextrose, galactose, 
and lactose and many other aldehydes and ketones (Ber. 28, 2613). Glyoxal 
and a-diketones with aminoguanidine lose water and form bis-aminoguanidones 
(Ami. 302, 275) : aromatic diketones, on the other hand, yield 1:2: 4-triazine 
derivatives (Ann. 302, 275, 301 : J. Indian Chem. Soc. 4, 183). 

Nitroainifwguunidine, N 02 ‘NH*C( : NH)-NH-NH 2 , is obtained from nitro- 
guanidine and hydrazine in dilute aqueous solution at 50-60°. It decomposes 
explosiv^ely at its melting point and forms explosive copper and silver derivatives. 
Its nickel salt in alkaline solution has a blue colour, and its formation provides 
a delicate test for nickel (J.A.C.S. 50, 2465). 

/NH— N 

Arni)iotriazoU\ NH 2 C<^ |1 , rn.p. 159°, is formed from formyl amino- 

CH 

guanidine nitrate and soda (Ann. 303, 33). See also Guanazole (above). 
Azodicarhondiamidine^ ^ ^ ^NH^’ obtained as nitrate when 

aminoguanidine nitrate is oxidized with KMnO^. The nitrate forms a yellow, 
sparingly soluble, crystalline powder, which explodes at 180-184°. It passes 
into azodicarbonarnide (p. 504) wdien boiled with water. 

Hydrazodicarhojiamidiney^^^'^^C — NH — NH — results as nitrate 
when azodicarbonamidine nitrate is reduced with HgS. 


Azidocarbamidine y carbamide imidazldcy H 4N — C<( , corresponds with 


N/ \NH2 

carbamic acid azide (p. 504). It is only stable in solution, since it very readily 
isomerizes into aminotetrazole (see below) : nitrate^ (CN 5 H 3 )HN 03 , m.p. 129°, 
is obtained from aminoguanidine and potassium nitrite in nitric acid solution, 
in the form of colourless crystals. Ex(;ess of sodium hydroxide solution coiiverts 
it partially into cyanamide and hydrazuic acid. These substances miite in 
aqueous solution probably to re-form azidocarbamidino, which is simultaneously 
isomerized to aminotetrazole (Ann, 314, 339) : 


/N 

N ::^CNH2 + HN< II — 

\n 

Cyanamide. Hydrazoic acid. 


H 2 NX /N /N N 

> >C-N<( II >> II 

HN/ \n \NH— N 

Aminotetrazole. 


Diazoguanidine cyanide, amino -imino -methyl cyanotriazeney 


NH 

NH 


2>C— NH- 


N=N-0N, is produced from azidocarbamidino nitrate and potassium cyan- 
ide. The amide, obtained from the nitrile, takes up bisulphite and forma 
a triazanderivative — sodium triazandicarboxylic arnidine ainidoaulphonate. 


NH 2 

NH 


>CNHN< 


NHCONH 2 

SOeNa 


(Ann. 305, 64, 80). 


N— N. 

Azotetrazole, || — N=N- 

N— NH/ 




;N N 

II, 

NH— N 


results when aminotetrazole 


is oxidized by potassium permanganate (Ann. 303, 57). 

iBoCyanotetrabromide or tetrabromoformalazine, Br 2 C^N — N — CBrj, m.p. 42°, 
is produced when hydrazotetrazole, the reduction-product of azotetrazole, is 
treated with bromine (Ber. 26, 2645). With alkalis i^^ocyanotetrabromide 
apparently yields \BOcyanoxide, CO = N — N=CO (?), or a polymer of it. Should 
an oxidizable body hke alcohol be present, i^ocyanogen, C~N — ■'N — C (?), is pro- 
duced. This substance has an odour very much like that of f^onitriles. Sodium 
ethoxide converts itfocyanotetrabromide into azimethyl carboiuxte (CH 30 )aC — N — 
N-C(0CH3)2 (Ann. 303, 71). 
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Diaminoguanidinc, HN : C(NHNH 2 ) 2 , obtained as a hydrochloride or hydro - 
bromide by the action of cyanogen chloride or bromide on hydrazine. Dibenzal- 
diaminognanidine, HN ; C(NHN : CHCoH 5 ) 2 , m.p. 180°, exists as yellow needles. 
Hydrazine and two molecules of cyanogen bromide form guanazine, 

NH— C(NHK 

HN : C{NHNH) 2 C : NH, or | >NNH 2 (Ber. 37, 4524 : C. 1905, II. 


122 ). 


NH— C(NH)/ 


TriaminoguanidinCf HgN-N : C(NHNH 2 ) 2 ; its hydrochloride is obtained by 
heating hydrazine hydrate with carbon tetrachloride in a stream of ammonia. 
Trihenzal triamhwguanidinc, CeH^CH : NN : C(NHN : CHC«H 5 ) 2 , m.p. 196°, is 
hydrolysed into benzaldehyde, hydrazine, and carbohydrazide (p. 504) (Ber. 37, 
3548). 


Dihydroxy guanidine, H 2 NC 


.NOH 

<NTTnTT» 


is obtained as hydrobromido from 


cyanogen bromide and hydroxylamino in methyl alcohol. It is stable to acids, 
but is changed immediately by alkalis into an unstable red azo body, which becomes 
ultimately converted into azoxybismethenylainidoxime, H 2 NC(NOH)*(N 20 )C- 
(N 0 H)NH 2 , hydrazodicarbonamide, and other substances. 

Amiuo-mcthyl-nitrosilic acid, , is produced when alcoholic 

potassium hydroxide decomposes the above-mentioned intermediate azo-body. 
It consists of very unstable green tabular crystals, and combines to form blue 
or green salts ; 'potassium salt is deposited from alcohol as steel-blue brilliant 
needles (Ber. 38, 1445). 


Nitriles and Imides of Carbonic and Thiocarbonic Acids 


The compouiiils cyanic acud, thiocyanic acid, cyanogen chloride 
and cyanamide can represented as the nitriles of carbonic, thio- 
carbonic, chloroforinic and carbamic acids. 


ilOCOOH 

Carbonic 

acid. 


HSCOOH 

Thiocarbonic 

acid. 


(4COOH 

(.'hloroformic 

H<id. 


NH2COOH 

Carbamic 

acid. 


110 CN 

Cyanic 

acid. 


HS-CN CICN 

Thiocyanic CyanoRen 

acid. chloride. 


NHa-CN 

Cyanamide. 


For the nitriles, with the excc])tion of cyanogen chloride, another 
formulation is possible : 

HN:CO HN:CS HN : C : NH 

isoCyani(! tioThiocyanic Carbodiimidc. 

acid. a<’id. 

Alkyl derivatives are known corresponding to both formulie of 
each of these compounds, and their constitution is made clear by 
their reactions, but for the free acidb and free cyanamide the problem 
is not so simple. To thiocyanic acid the normal formula N : C-SH 
is usually ascribed, but to (;yanic acid itself the ?l6*o-formula HN : C : O 
on the grounds of the formation of ^^s•ocyanic esters by the action of 
diazomethane (C. 1906, II. 1723). 

Cyanamide and cyanic acid possess a remarkable tendency to 
polymerization, the former yielding dicyandiamide and tricyantri- 
amide (melamine), the latter cyamelide and cyanuric acid. The 
polymers will be discussed after the corresponding monomeric com- 
pound. 


Oxygen Derivatives of Cyanogen, their Isomerides and 
Polymerides 

Cyanic acid, HN : CO or HO-C : N, isomeric with fulminic acid 
or carbyloxime (p. 294), is obtained by heating the polymeric cyanuric 
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acid. The vapours which distil over are condensed in a strongly 
cooled receiver. 

The acid is only stable below 0°, and is a mobile, very volatile 
liquid, which reacts strongly acid, and smells very much like glacial 
acetic acid. It produces blisters upon the skin. At about 0°, the 
aqueous solution is rapidly converted into carbon dioxide and 
ammonia : 

HONG + HjO = COg 4- HNg. 

At 0°, the liquid cyanic acid passes rapidly into the polymeric 
cyamelide — a white, porcelain-like mass, which is insoluble in water, 
and when distilled reverts to cyanic acid. Above 0°, the conversion 
of liquid cyanic acid into cyamelide and cyanuric acid (C. 1902, I. 526) 
occurs, accompanied by an explosive generation of vapour (c/. 
Formaldehyde, p. 233). Cyanic acid dissolves in alcohols, yielding 
esters of allophanic acid (p. 501). 

Cyamelide is also obtained by grinding together potassium cyanate 
and crystallized oxalic acid, and washing out with water. It is a 
loose white powder, only slightly soluble in all solvents. Prolonged 
boiling with water decomposes it into NHg, CO 2 , and partly into 
cyanuric acid (p. 520). When digested with concentrated sodium 
hydroxide solution it is converted completely into tri-sodium cyanuratc. 

This probably corresponds with the formula 0 <Cc(nH) 

is therefore analogous to trioxymethylene (p. 236) (Ber. 38, 1013). 

Potassium cyanate, potassium isocyaymte, (ordinary potassium 
cyanate), KO*C : X or KN : C : O, is formed in the oxidation of potas- 
sium cyanide in the air, or with some oxidant like lead oxide, minium, 
potassium permanganate (Ber. 36 , 1806), or sodium hypochlorite 
(Ber. 26 , R. 779). It is most conveniently made by heating small 
portions (3-5 gm.) of an intimate mixture of 100 parts potassium 
ferrocyanide and 75 parts of potassium bichromate in an iron 
dish, during which NHg should not be set free (Ber. 26 , 2438). It 
results, too, on conducting cyanogen or cyanogen chloride into potas- 
sium hydroxide solution (Ber. 23 , 2201). Alkali cyanates have 
more recently been manufactured by the direct combination of 
disodium cyanamide with carbon dioxide at high temperatures : 

Na-N : C : N-Na + CO 2 2Na-N : CO (Z. angew. Chem. 38, 

642 : cf. cyanide manufacture, p. 287). 

The salt crystallizes in shining leaflets, resembling potassium 
chlorate, or in quadratic plates (Ber. 27, 837), and dissolves readily 
in cold water, but with difficulty in hot alcohol. In aqueous solution 
it decomposes rapidly into ammonia and potassium carbonate. 

Potassium cyanate precipitates aqueous solutions of the heavy metals. 
The lead, silver, and mercurous salts are white, the cupric salt is green in colour. 
Lead cyanate is quantitatively hydrolysed to carbonate and urea when boiled 
with wat/er (C. 1904, I. 160). 

Ammonium cyanate, NH^-OC • N or NH 4 N : C : O, is a white crystalline 
powder, formed by contact of cyanic acid vapours with dry ammonia, or by mixing 
ethereal solutions of cyanic acid and ammonia (C. 1900, I. 107). Potassium 
hydroxide decomposes it into potassium cyanate and ammonia. On heating 
the dry salt to 60°, or by evaporating its aqueous solution, it passes into the 
isomeric urea (p. 494). 

The cyanates of the primary and secondary amines are similarly converted 
into alkylureas, whereas the salts of the tertiary amines remain unchanged. 
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Esters of normal cyanic acid, cyanetholines, RO— C=N, are 
not known (Ann. 287, 310). Imidocarbonic acid esters (p. 501) are 
produced when cyanogen chloride acts on sodium alcoholates in 
alcoholic solution. 

Esters of isoCyanic Acid, Alkyl Carbimides or Alkyl i^oCyanates. — 
Wurtz prepared these, in 1848, (1) by distilling potassium ethyl sul- 
phate with potassium cyanate : 

(C 2 H 6 )KS 04 + KN : CO = C^H^N : CO + K2SO4. 

Better yields are obtained by the use of dimethyl or diethyl 
sulphate (Ber. 58, 1320). Cyanuric esters are simultaneously produced 
in this reaction. 

(2) ^.9oCyanic esters are also produced by oxidizing the carbyl- 
amines with mercuric oxide : 

C2H5 NC + O = C^Hs-N : CO ; 

(3) by the action of silver cyanate on alkyl iodides at low tempera- 
tures (together with esters of cyanuric acid, p. 520) : 

C.H^I + AgN : CO - C,H,N : CO + Agl ; 

and (4) by heating the dry mercuric chloride double salt of the alkyl 
carbamine thiolic acids (p. 506) (Ann. 359, 202) : 

CaHgNH-CO S HgCl ► C^H^N : CO + HgS + HCl. 

These esters arc volatile liquids, boiling without decomposition, 
and possessing a verv disagreeable, penetrating odour, which provokes 
tears. They dissolve without decomposition in ether. On standing 
they pass rather rapidly into the polymeric ?’i9ocyanuric esters. 

\^oCyanic methyl ester, CH3N : CO, methyl i&ocyaiiate , methyl carbimide, b.p. 44 ° ; 
ethyl ester, CgH^N : CO, b.p. b0° ; allyl ester, CgHgN'CO, b.p. 82 ° ; isobutyl ester, 
C0‘NC4H9, b.p. 101°. 

Reactions . — In all their reactions they behave like carbimide 
derivatives, in which the alkyl group is united to nitrogen. 

(1) Heated with KOH they yield primary amines and potassium 
carbonate (p. 190). This is the method Wurtz used when he first 
discovered the amines. 

(2) Acids in aqueous solution behave similarly : 

C2H5N : CO + H .,0 + HCl CO2 + C2H5NH2 HCI. 

(3) With the amines and ammonia they yield alkylureas (g.r.). 

(4) Water decomposes them at once into CO 2 and dialkylureas. 
In this decomposition amines form first, CO 2 being set free, and these 
combine with the excess of ^5ocyanic ester to dialkylureas {q.v.). 

(5) Fatty acids convert them into primary acid alkylamides, 
R-CO-NHR' (p. 322), CO 2 being simultaneously evolved. 

(6) Acid anhydrides convert them into secondary acid alkylamides, 
(R-C0)2NR', (p.‘ 322). 

(7) The esters of isocyanic acid unite with alcohols, yielding esters 
of alkylcarbamic acids (p. 492). 

(8) As derivatives of ammonia the isocysime esters are capable 
of combining directly with the halogen acids. The products are 
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alkylcarbamyl chlorides (p. 493), from which the ^50cyaIlic esters are 
again separated by distillation with lime : 

HCl 

C2H5NCO ’ > CgHfi-HNCO Cl. 

Ca{OH)a 

GlycocoIIic ester isocyanate, OC : NCH2CO2C2H5, b.p. lir)-120'’/15 mm., is 
obtained from glycocollic ester hydroehloride by excess of phosgene in toluene. 
Water converts it into carhiminodiucetic acid, C0(NHCH2C02H)2» m.p. 167°. 
Other amino -acids yield corresponding mixed urea derivatives (C. 1906, II. 671 ). 

Acetyl isocyanate, OC : N^COCHg, b.p. 80°, is prepared by the action of acetyl 
chloride on mercury fulminat-e (p. 295), and on silver cyanate (Ber. 36, 3214). 
Alcohol and ammonia convert it respectively into acetylurethano (p. 491) and 
monoacotyl urea (p. 498). 

Methane sulphonyl isocyanate, CH3SO2N : CO, m.p. 31°, b.p. 73-5-75°/10 mm. 
(Ber. 38, 201.5). 

Carhethoxyl isocyanate, C2H50C0-N : CO, b.p. 116°, is produced from nitrogen 
tricarboxylic ester (p. 502) by moans of P2O5. It unites with alcohol to form 
irnido-dicarboxylic est/cr (p. 501) ; and with ammonia to form allophanic ester 
(p. 501). Water converts it to carbonyl diurethane (p. 502) (Ber. 39, 686). 

Cyanuric Acid and its Alkylic Derivatives 

As with cyanic acid, so with tricyanic acid, more than one formula 
is possible : 

(1) (HO)C:=N C(OH) (2) (HO)C=N C(OH) (3) OC— NH — C(OH) 

N=C(OH)— N NH— CO— N NH— CO— N 

Is^ormal cyanuric acid. 

(4) OC NH CO 

NH— CO— NH 

isO’ or pseudO'Cy&nuTic acid. 

Ordinary solid cyanuric acid, like cyanic acid, is most probably 
to be represented by the imide, or t^ocyanuric formula (4). When 
titrated with sodium hydroxide and phenolphthalein in aqueous 
solution, it behaves as a monobasic acid, yielding salts according to 
formula (3). Two equivalents of alkali produce dibasic salts, corre- 
sponding with formula (2), which, on boihng, take up a third equivalent 
of the metal and form stable, well -crystallizing tribasic salts, CgNjOgiH ^ 
(formula 1), some of which are only shghtly soluble in water. Corre- 
sponding with these consecutive desmotropic transformations (p. 49), 
the temperature coefficient of the electrical conductivity (taken as 
of a monobasic acid) of an aqueous solution of cyanuric acid increases 
with increasing temperature : the acid becomes stronger by a change 
of constitution as from formula 4 to 1 (Ber. 39, 139). Its behaviour 
as a pseudo-hcid is shown by the occurrence of isomeric mercury 
salts : O-mercury cyanurate, C 3 N 3 (Ohg) 3 , obtained from trisodium 
cyanurate and mercury salts, is decomposed by alkahs ; ^-mercury 
cyanurate, C 303 (Nhg) 3 , is produced from free cyanuric acid and 
mercury salts, and is not decomposed by alkahs (Ber. 35, 2717) 
(hg = iHg.) 

Esters can be obtained from all four formulae, but only those in 
which the alkyl group is united to oxygen can be decomposed by 
alkahs (Ber. 38, 1005). The cyanuric hahdes (p. 523) are derived 
from formula 1. 

Cyanuric acid, CgNaOaHa, was first observed by Scheele in the 
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dry distillation of uric acid. It is produced (1) by heating tricyanogen 
chloride, C3N3CI3, or bromide (Ber. 16 , 2893) with water to 120-130°, 
or with alkalis. ( 2 ) Dilute acetic acid added to a solution of potas- 
sium cyanate gradually separates primary potassium cyanurate, 
C 3 N 3 O 3 H 2 K, from which mineral acids liberate cyanuric acid. (3) It 
is formed, also, {a) on heating urea (b) or carbonyldiurea (p. 502) ; 
(c) on conducting chlorine over urea heated to 130-140° ; {d) when 
urea is heated with a solution of phosgene in toluene to 190-230° 
(Bcr. 29, R. 866 ). 

(а) .3C0(NH2)2 = C3O3N3H3 + SNHa 

(б) NH^CONH CO-NHCONlIg = C3O3N3H3 + NH3 

(r) 3C1 + 3C0(NH2)2 = C3O3N3H3 -f 2NH4CI + HCl + N 

(f/) liCOCla + 3C0(NH2)2 - 2C3O3N3H3 -f 6HC1. 

The evidence in favour of a symmetrical structure for cyanuric 
acid depends on the successive substitution of the three chlorine 
atoms of cyanuric; chloride by amino-, methylamino-, and cthylamino- 
groups, which always leads to the same end-product, C' 3 H 3 (NH 2 )- 
(NHCH 3 )(NH-C 2 H 5 ), whatever the order in which the three groups 
are introduced (Ber. 32, 692). 

Cyanuric acid crystallizes from aqueous solution with 2 molecules 
of water (C 3 N 3 O 3 H 3 + 2 H 2 O) in large rhombic prisms. It is soluble 
in 40 parts of cold water, and easily soluble in hot water and alcohol. 
When boiled with a(;ids it decomposes into carbonic acid and am- 
monia ; when distilled it breaks up into cyanic acid. PCI 5 converts 
it into tricyanogen chloride. 

Characteristic salts of the tribasic cyanuric acid arc the trisodium 
salt and the amethyst-coloured cuprammonium salt (see above). 

Normal cyanuric esters aro formed (1) by the action of cyanogen chloride 
on sodium alcoholates. 

(2) A simpler procedure is to act on the sodium alcoholates with cyanuric 
chloride or bromide (Ber. 18 , 32H3 and 19 , 2063). 

Methyl cyanurate, m.p. 135"*, b.p. 263°. 

Ethyi eyanuratc, m.p. 29 ’, b.p. 275°. 

The normal cyanuric esters, on being digested with the alkalis, break up into 
cyanuric acid and alcohol. They combine with six atoms of bromine. PCI5 
converts them into cyanuric chloride. Boiling gradually changes them to 
f^ocyanuric esters. 

Partial hydrolysis of the normal cyanuric esters by NaOH or Ba(OH )2 gives 
rise to normal dialkylcyanuric acids, which, when heated, rearrange themselves 
into dialkyl isocyannric acids (Ber. 19 , 2067) : 

O’Ditnethyleyanuric acid, C 3 N 3 (OCH 3 ) 2 *OH, m.p. 160—180°. 0-Dimeihyl- 
cyanuric acid chloride, C 3 N 3 (OCH 3 ) 2 Cl, m.p. 81°, is prepared from cyanuric 
chloride, methyl alcohol and zinc dust (Bor. 36, 3195). 

Esters of i^ecyanuric acid, tricarhmiide esters, C 308 (NR) 3 , are formed 
together with the f*'ec*yanic esters, when the latter are prepared by the distillation 
of potassium cyanate with salts of alkylsulphuric acid (p. 168). We have already 
spoken of their formation as a result of the molecular transposition of the cyanuric 
esters. Hence they are formed together with these, or appear in their stead in 
energetic reactions — e.g. in tJie distillation of potassium cyanate with ethyl 
sulphate, or when silver cyanurate is acted upon by alkyl iodides (Ber. 30, 2616). 
They are solid crystalline bodies, soluble in water, alcohol, and other, and may be 
distilled without decomposition. They pass into primary amines and potassium 
carbonate when boiled with alkalis, similarly to the isocyanates : 

C808(NCH8)8 + 6KOH = 3 K 2 CO 8 + 3 NH 2 CH 3 . 

Methyl i&ocyanurate, trimethylcarhimide, C808(NCH3)8, m.p. 176°, b.p, 296°. 
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Ethyl imcyanuraic, C30a(NCaH5)3, m.p. 95°, b.p. 276”. It volatilizes with 
steam. 

Mixed normal - i8oCy2in\iric Esters. OO'^ -Trirmthyl cyanurate, 

CHgN<^|^Qjj ^_^>C(0CH3), m.p. 105°, is prepared, together with other 

bodies, from silver cyanate and iodomethane by prolonged contact in the cold. 
It can be sublimed undecomposed in the cold, and is hydrolysed by hydrochloric 
acid into ip-mcthyl cyanuric acid, CH3N(C303N2H2), m.p. 296°. This also results 
from the action of boiling alkalis on carbonyl dimethyl urea (p. 502). 

01^^-Tri7H€thyl cyannratc, C(OCH3), m.p. 118°, is 

produced from silver cyanurate and iodomethane in the cold. Hydrolysis gives 
rise to di methyl -ilt -cyanuric acid, (CH3N)2(C203NH), m.p. 222°, which is also 
obtained by heating ^.dimethyl cyanuric acid (see above) (Ber. 38, 1005). 

Cyafioric triacetate, C3N303(C0CH3)3, m.p. 175° with decomposition, is 
produced from silver cyanurate and acetyl chloride. 

Cyauuric tricarbonic ester, (C3N303)(C02C2H5), results from the polymeriza- 
tion of cyanocarbonic acid ester (p. 540). It is very slightly soluble, except in 
chloroform (Ber. 38, 1010). 

Cyanuric triurea, (C3N303)(C0NH2)3, is formed, together with cyanuric acid, 
when urea is heated to 200°, or with cyanuric bromide. It is amorphous and 
slightlv soluble. It forms a trisodiiun salt, which crystallizes with SHgO (Ber. 
38, 1010). 

Halogen Compounds of Cyanogen and its Polymers 

The halogen compounds of cyanogen result from the action of 
halogens on metallic cyanides, such as mercury cyanide, and on aqueous 
hydrocyanic acid. The chloride and bromide condense to tricyanides 

— C=N--C- 

in which the C3N3 group | I constitutes the radical of 

X-C— N 

normal cyanuric acid. On account of their connection on the one 
hand with cyanic and cyanuric acids and on the other with hydro- 
cyanic acid and its salts, the cyanogen halides can be looked on as 
being either halogen compounds of the anhydride of ?i-cyanic acid 
or the halogen imides of carbon monoxide, e.g. : 

HN-C CIN-C or ClCr-N HOC 

UydrocyHnic arid. Cyanogen chloride. n-Cyanic acid. 

CarLunyl imide. 

rhe formula XN : C receives substantiation from the fact that 
cyanogen halides easily yield hydrocyanic acid ; also that the cyanogen 
chloride and alcoholic sodium ethoxide do not yield the normal cyanic 
ester (p. 519), but imidocarbonic ether, a reaction which is best ex- 
plained as taking place with the intermediate formation of NaNC and 
an alkyl hypochlorite (p. 169) (C. 1902, I. 525, 862). Contrary to 
this is the reaction of cyanogen chloride with mercaptides to form 
alkyl thiocyanates (p. 525), and with ammonia to produce cyanamide 
(p. 528). 

Cyanogen Halides. — Cyanogen chloride, CNCl, m.p. —5°, b.p. 15°, is 
produced by the action of chlorine on aqueous hydrocyanic acid or on a cold 
mercuric cyanide solution, or better, on a solution of potassium cyanide and 
zinc sulphate (C. 1907, I. 746). It is a mobile liquid. After some time it passes 
spontaneously into cyanuric chloride. With ammonia, it yields ammonium 
chloride and cyanamide, NHg-NC. Alkalis decompose it into metallic cyanides 
and isocyanates. 

Cyanogen bromide, CNBr, m.p. 52°, b.p. 61°, is produced on adding a potassium 
cyanide solution drop by drop to bromine, when well cooled (Ber. 29 , 1822). For 
the reaction of cyanogen bromide and tertiary amines, see p. 196, etc. Cyanogen 
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bromide is used in the preparation of aromatic hydroxy-aldehydes (Helv. Chim. 
Acta. 2 , 89) and for the preparation of aromatic nitriles, by the use of aluminium 
chloride (Helv. Chim. Acta. 2 , 482). 

Cyanogen iodides, CNI, sublimes at 45°, without molting, in brilliant white 
needles. 

These compounds are sparingly soluble in water, but they dissolve readily 
in alcohol and ether. Their vapours have a penetrating odour, provoking tears, 
and act as powerful poisons. 

The cyanuric halides are converted into cyanuric acid when heated with 
water. 

Cyanuric chloride, trieya7iogen chloride, solid cyanogen chloride : 

CIC— N=CC1 

II I 

N— CC1=N 

m.p. 146°, b.p. 190°, is produced (1) when liquid cyanogen chloride is kept in 
sealed tubes, during which polymerization 189*05 Cal. are liberated (C. 1897, I. 
284). It is formed (2) directly by loading chlorine into an ethereal solution of 
HNC, or into anhydrous hydrocyanic acid exposed to direct sunlight (Ber. 19 , 
2056), or better, by slowly dropping HNC into a saturated solution of chlorine 
in chloroform (Ber. 32, 691) ; (3) also by the distillation of cyanuric acid, 
H 3 O 3 N 8 C 3 , with PClg (Ann. 116 , 357). 

When boiled with water or alkalis, it breaks up into hydrochloric and cyanuric 
acids (Ber. 19 , R. 599). The chlorine atoms of cyanogen chloride can be suc- 
cessively substituted by amino- and alkylarnino-groups, whereby cyanuramine 
chlorides, cyanuralkylamine chlorides (p. 531), melamines, and alkyl melamines 
(p. 530) are formed (Bor. 32, 693). 

OC-NCICO 

Trichloryl imcyanuric acid, / | , m.p. 245°, is formed by the action 

N(3*C0NC1 

of chlorine on potassium cyanurate. It is a nitrogen chloride, since it evolves 
chlorine with hydrochloric acid, and regenerates cyanuric acid with NH 3 or 
HgS (C. 1902, I. 525, 804). 

Cyanuric bromide, CaNgBrg, m.p. above 300°, is produced (1) from bromo- 
cyanogen in the presence of a little bromine. (2) On heating the anhydrous 
bromide or its ethereal solution in sealed tubes to 130-140°. (3) By heating 

dry potassium forrocyanide and also ferricyanide with bromine at 250° (Ber. 16 , 
2893), or (4) on conducting HBr into the ethereal solution of CNBr (Ber. 18 , 
3262). It is volatile at temperatures above 300°. 

Cyanuric iodide, C3N3I3, is produced by the action of hydriodic acid on 
cyanuric chloride. It is a dark-brown, insoluble powder. At 200° it readily 
breaks up into iodine and paracyanogen, (CN)„ (Ber. 19 , 599). 


Sulphur Compounds of Cyanogen, their Isomers and 

Polymers 

The two possible structurally isomeric thiocyanic acids correspond 
with the two possible isomeric cyanic acids : 

HS-C=N and NH-C-S. 

Thiocyanic acid. ^^•oThio^yanic acid. 

Thiocarbiinidc. 

The known thiocyanic acid and its metallic salts are constituted 
according to the first formula. Its salts are obtained from the 
cyanides by the addition of sulphur (p. 286), just as the cyanates 
result by the absorption of oxygen. 

^.soThiocyanic acid, sulphocarbimide, HN : CS, and its salts are not 
known. Its esters (the mustard oils) do, however, exist and are 
isomeric with those of thiocyanic acid. 

Thiocyanic acid, sulph^yanic acid, HS-CN, m.p. 5° (approx.), 
occurs in small quantities in the human stomach (Ber. 28, 1318), 
and is obtained by distilling its potassium salt with dilute sulphuric 
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acid. At 0° it forms a white crystalline mass and exercises a 
strongly irritating action on the mucous membranes. On melting it 
forms a yellow liquid which at ordinary temperatures solidifies to 
yellow needles accompanied by a considerable evolution of heat. It is 
very easily soluble in water, alcohol, and ether. The aqueous solution 
also precij)itates pol 3 mierization products at ordinary temperatures 
after a short time (Ber. 40 , 3166). Free tliiocyanic acid and its soluble 
salts colour a weakly acid solution of ferric salts a dark-red colour 
(C. 1901, 11. 199), constituting a highly sensitive reaction, which 
depends on the formation of Fe 2 (CNS )6 + 9KSNC, when the potassium 
salt is employed (Ber. 22 , 2061). This reaction gives rise to the alter- 
native name rhodanates ((joSov, rose), which is sometimes given to 
these compounds. Strong acids decompose thiocyanic acid into 
hydroc^^anic acid and perthiocyanic acid, C 2 N 2 S 3 H 2 (p. 525). 

The alkali thiocyanates are obtained by fusing the cyanides with 
sulphur, just as the cyanates are formed by oxidation of the cyanides. 

Potassium thiocyanate, K8-CN, crystallizes from alcohol in long, 
colourless prisms, which deliquesce in the air. The sodium salt 
is very deliquescent, and occurs in the saliva and urine of different 
animals. When heated with zinc dust it is converted into potassium 
cyanide (C. 1897, I. 270). 

Potassium sele'uocyanatcf KSeNC, corresponds with the thiocyanate, and is 
formed when potassium cyanide and selenium are melted together. It can bo 
crystallized from alcohol. NOg causes the formation of cyanogen triselenidcy 
CgNgSeg, m.p. 132"^^, obtained as yellow leaflets from benzene solution. Those 
substances can be used for the preparation of pure selenium (Ber. 33, 1765). 

Ammonium thiocyanate, NH 4 S-CN, m.p. 150°, is formed on heating hydro- 
cyanic acid with yellow ammonium sulphide, or a solution of ammonium cyanide 
with sulphur. It is most readily obtained by heating CSg with alcoholic ammonia 
{cf. Ammonium dithiocarbamate, p. 506 ) : 

CS2 + 2NH3 > H2N CSSNH4 + 2NH3 ^ NH4S C I N 4 - (NHJgS. 

The salt crystallizes in prisms, which readily dissolve in water and alcohol. 
At 170-180^' molecular transposition into thiourea occurs (similarly to ammonium 
cyanate, p. 495). 

The sails of the heavy metals are mostly insoluble. The mercury salt, 
Bg(CN*S) 2 , is a grey, amorphous precipitate, which burns on ignition and swells 
up strongly (Pharaoh’s serpents) ; silver salt, AgSNC, is a precipitate similar to 
silver chloride. The volumetric method of Volhard is based on its production 
(Ann. 190 , 1). 

Thiocyanogen, (SCN) 2 , m.p. — 3°, is obtained in solution by the action of 
bromine on silver thiocyanate in carbon bisulphide, and crystallizes out when 
the solution is cooled to — 70° (Sdderbdck, Ann. 419 , 217). Free thiocyanogen 
resembles the halogens. It reacts with mercaptans with the formation of alkyl 
dithiocyanates, R-S-SCN, and thiocyanic acid (Ber. 55, 1474). 

Sulphur dicyanide, thiocyanic anhydride, (CN) 2 S, m.p. 65°, is formed when 
cyanogen iodide in ethereal solution acts on silver thiocyanate. It sublimes at 
30°, and dissolves in water, alcohol, and ether. 

Sulphur thiocyanate, S 2 (SCN) 2 , is obtained by the action of sulphur mono- 
chloride on mercury thiocyanate in organic solvents. It forms colourless crystals, 
m.p. — 3*3° (Ber. 55, 1483). The compound S(SCN )2 is formed from hydrogen 
sulphide and thiocyanogen in ethereal solution. It forms pearly crystals (Ber. 
55, 1481). 

Xanthane hydride, imidothiodisulphazolidine, C 2 H 2 H 2 S 3 (see formula (I) below), 
is prepared by decomposing a concentrated solution of thiocyanic acid, whereby 
hydrocyanic acid is driven off. It forms prisms soluble with difficulty in water 
and most other solvents. 

Dithiocyanic acid, CjNjHjS, = HSCS*NH CN, is produced when alkalis 



THIOCYANIC ACID AND ITS DERIVATIVES 


625 


in the cold on xanthane hydride, when sulphur is thrown out and the dipotassium 
salt of the acid is formed. It is also prepared from cyanamide, carbon disulphide, 
and alcoholic potassium hydroxide. These modes of formation show the acid 
to be cyanamidodithiocarbonic acid, (HSlgC-^^NCN or HSgCNHCN. The free 
acid consists of yellow needles, and is unstable, the potassium salt even decom- 
posing in aqueous solution into two molecules of potassium thiocyanate ; dimethyl 
eMer, (CHsSlgC : NCN, m.p. 57°, is decomposed by hydrochloric acid at 200° into 
mercaptan, NHg, and COg. 

Perihiocyanic acidf CgNgSgHg ; salts, (see formula (II) below), are formed when 
an alkaline solution of dithiocyanic acid is boiled with sulphur. The acid is struc- 
turally isomeric with xanthane hydride, which possesses a neutral reaction, into 
which it very rapidly changes in acid solution ; dimethyl ester, C2N2S(SCH3)2, 
m.p. 42°, b.p. 279°, is decomposed by hydrochloric acid into CHgSH, NH4CI, 
and COg. The following shows the connection between these peculiar reactions 
(Ann. 331, 265) : 

NC S CS\ HS— CS\ 

3HSNC ^ I + 1 >NH > S + >NH 

H S*C(NH)/ N=:C/ 

Thlocyanic acid. Xanthane hydride. (I.) Dithiocyanic acid. 


N. 


^C(SK)2 

\c=N 

Dithiocyanate. 


+ S 


^C(SK)— S 
Nf I - 

\C(SK)=N 
Perthiocyanate. (II.) 


Acids 


/CS S 

HN<( I 

\C(NH)— S 

Xanthane hydride. 


Cyaiwgen sulphide, (CNS)„, and pseudocyanogen sulphide, are the yellow 
amorphous products which result when the alkali and alkali earth thiocyanates 
are oxidized. Cyanogen sulphide is also formed when dry thiocyanates are 
treated with dry halogens, whilst pseudocy imogen sulphide, which appears to 
bo a mixture of various substances in varying proportions, is obtained from an 
aqueous solution of thiocyanates with halogens, nitric acid, HgOg, or persulphates. 
Cyanogen sulphide, and to a much smaller extent pseudocy axiogen sulphide, 
when treated with water or sodium hydroxide solution yields canarine, CgNgS 7 HeO, 
a yellow substantive dye for cotton (one which does not require a mordant). 
It possesses a weakly acid reaction. Together with canarine there is formed 
a yellow, non-dyoing substance, C3N4H4S2O, which is decomposed by alkali 
sulphydrates into ihioammelme, (CN)3(NH2)2SH, and dithionuianuremc acid, 
(imniodithiocyanuric acid, (CN)3(NH2)(SH)2 (J. pr. Chem. [2] 64, 439). 

Alkyl thiocyanates, esters of 7tortnal thiocyanic acid, are obtained (1) by 
distilling potassium thiocyanate with salts of sulphuric acid ethers or witli alkyl 
iodides : 

KSCN + C2II5I = C2H3SCN + KT ; 


(2) by the action of CNCl on salts of the mercaptans : 

CgHgSK -f CNCl - C2H5SCN + KCl. 

They are liquids, insoluble in water, and possessing a leek-like odour. Nascent 
hydrogen (ziiu; and sulphuric acid) converts them into hydrocyanic acid and 
mercaptans : 

C2H3S CN -h Hg - HNC -f CgHg-SH. 

On digesting with alcoholic potassium hydroxide, potassium thiocyanate is 
formed, whilst the isomeric mustard oils do not yield any potassium thiocyanate. 
Boiling nitric acid oxidizes thorn to alkylsulphonic acids (p. 175) with separation 
of the cyanogen group. This would prove that the alkyl group in those bodies 
is linked directly to sulphur. 

The methyl ester and more readily the allyl ester are isomerized by heating 
at 180-185° into the corresponding /.vothiocyanate or mustard oil {g.v.) (C. 1901, 
II. 1115). 

Methyl thiocyanate, CHg-SCN, b.p. 133°, Dq — 1*080. Ethyl ester, b.p. 142°, 
impropyl ester, b.p. 152°. 

Allyl ester, CgHg-SCN, b.p. 161°, with isomeric change into the corresponding 
mustard oil. 

Methylene thiocyanate, CH2(SCN)2, m.p. 107° (Ber. 7, 1282), is oxidized to 
methylene disulphonic acid (p. 247) (C. 1898, I. 886). 

Ethylene thiocyanate, NCS-CHgCHa-SCN, m.p. 90° (Ber. 23, 1083). Ethylene 
sele7iocyanide, m.p. 138° (Ber. 23, 1092). 
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Thiocyaiwacetoncy CNSCHj-CO-CHj, Djo == 1*180, is formed from barium 
thiocyanate and chloroacetone (p. 265). It is a nearly colourless oil, somewhat 
soluble in water, and very readily soluble in ether. The alkali carbonates cause 

CH3— C— 

a rearrangement into oxymethylthiazole, |i ^C-OH (Ber. 25, 3648). 

HC— S / 

Thiocyanoacetic acidly CNS-CHjCOjH, is formed by the action of chloroacetic 
acid on KCNS. It is a thick oil ; ethyl esters b.p. about 220°, prepared from 
chloroacetic ester. 

On boiling the latter with concentrated hydrochloric acid, it takes up water, 

CH2 Sv 

loses alcohol, and iwthiocyanoaeetic acid, ) 7 CO, is formed (Aim. 249, 

CO— nh/ 

27). Many of the reactions of isothiocyanoacetic acid are better explained by 
the constitutional formula, SCNCH 2 COOH (or perhaps HC^^^CHCOOH) 
(r/. J. pr. Chem. [2] 66 , 172). 

The heterocyclic bodies, derived from the products of the interaction of 
ammonium thiocyanate with a-chloroketones and a-chloro-fatty acids, belong 
to the class of thiazoles (Vol. II). 


Mustard Oils, Esters of imThiocyanic Acid, Alkyl Thiocarbimides, 

The esters of i^othiocyanic acid, HN : CS, not known in a free 
condition, are termed mustard oils, from their most important repre- 
sentative. They may also be considered as sulphocarbimide deri- 
vatives. 

They are produced ( 1 ) by the rearrangement of the isomeric alkyl 
thiocyanates on the application of heat (p. 525) : 

C 3 H 5 SNC CsH.NCS. 

(2) From primary amines, (a) These combine with CSg in ethereal 
solution to form alkylammonium alkyldithiocarbamates (Ber. 23, 282). 
On adding silver nitrate, mercuric chloride (Ber. 29, R. 051) or ferriti 
chloride (Ber. 8 , 108) to the aqueous solution of these salts, formed 
with primary amines, metallic compounds are first precipitated, and 
are decomposed by boiling into metallic sulphides, hydrogen sulphide 
and mustard oils. 

The mustard oil test for the detection of primary amines (p. 195) 
was worked out by A. W. Hofmann. 

The mechanism of the reaction is explained by Anschutz (Ann. 
371, 219) as follows : 

CS HgS + SCNC 2 H 5 + HCl. 

\sHgCl 

i^oThiocyanates are also obtained, together with z.sothiouram 
disulphides (p. 506), by the action of iodine on the alkylammonium 
salts of the alkyldithiocarbamic acids. 

( 6 ) i^oThiocyanates are conveniently prepared by the action of 
thiocarbonyl chloride on primary amines (Rec. trav. Chim. 45 , 421) : 

CSCI 2 + NHg-R > SC : N-R + 2HC1. 

(3) By the action of dialkylthioureas (p. 509) with phosphorus 
pentoxide (Ber. 14 , 985). 

(4) From wocyanic esters and P 2 S 5 (Ber. 18, R. 72). 

Properties. — ^The mustard oils are liquids, almost insoluble in 
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water, and possess a very penetrating odour, which provokes tears. 
They boil at lower temperatures than the isomeric thiocyanic esters. 

Reactions. — (1) When heated with hydrochloric acid to 100°, or 
with HgO to 200°, they break up into primary amines, hydrogen 
sulphide, and carbon dioxide (C. 1899, I. 885) : 

C\H,NCS + 2H2O - C2H5NH2 + CO2 + H,S. 

(2) When heated with a little dilute sulphuric acid, carbon oxy- 
sulphide, COS, is formed, together with the amine. (3) When heated 
with carboxylic acids they yield alkylated acid amides and COS ; and 
(4) with carboxylic anhydrides, diacidyl amides and COS (Ber. 26 , 
2648). (5) Nascent hydrogen (zinc and hydrochloric acid) converts 

them into thioformaldehyde (p. 246) and primary amines : 

CgH^NCS -f 2 H 2 == CSH., + 

(6) When the mustard oils are heated with absolute alcohol to 100°, 
or with alcoholic potassium hydroxide, they pass into sulphoure thanes. 
(7) They unite with ammonia and amines, yielding alkyl thioureas 
(q.v.). (8) Upon boiling their alcoholic solution with HgO or HgClg, 

a substitution of oxygen for sulphur occurs, with formation of esters 
of isocyanic acid, which immediately yield the dialkylureas when 
treated with water (see p. 519). (9) Consult Ann. 285 , 154, for the 

action of the halogens on the mustard oils. 

Methyl \^othiocyanaU\ (^Fr.,NCS, m.p. 34°. b.p. 119°. 

Ethyl eater, b.p. 133°, Dq -- 1*019. Propyl ester, b.p. 153°. imPropyl ester, 
b.p. 137°. n, -Butyl ester, b.p. IG?"". isoButyl ester, b.p. 162°. tort. -Butyl ester, 
b.p. 142°. n. -Hexyl ester, b.p. 212 . Heptyl ester, b.p. 238° (Ber. 29 , R. 651). 
Boe. -Octyl ester, b.p. 232°. 

On account of its occurrence the following is noteworthy : see. -butyl vmstard 
oil, CS : b.p. 159-5“, D ,2 = 0-944, i.s found in the ethereal oils of 

spooiiwort (or sc'urvy grass) {Cochlearia officinalis) ; it is dextro-rotatory to 
polarized light, and on decomposition gives a dextro-rotatory r.-butylainine 
(C. 1901, 11. 29). 

The most important of the mustard oils is the common or — 

Allyl mustard oil, allyl isothiocyanale , CgHgN : CS, b.p. 150-7°, 
— 1-017, the principal constituent of ordinary mustard oil, is 
obtained by distilling powdered black mustard seeds [Sinapis nigra), 
or radish oil from Cochlearia arnioracia, with water. Mustard see^ 
contain potassium myronate (see Glucosides, Vol. II), which in the 
presence of water, under the influence of a ferment, rny rosin (also 
present in the seed), breaks up into dextrose, potassium hydrogen 
sulphate, and mustard oil. 

The reaction occurs even at 0°, and a small amount of allyl thio- 
cyanate is produced at the same time : 

CioHi«KNOioS* = + KHSO4 + C3H5NCS. 

Mustard oil is artificially prepared by distilling aUyl iodide or 
bromide with alcoholic potassium or silver thiocyanate, the first- 
formed allyl thiocyanate undergoing isomeric change {Oerlich, Ann. 
178 , 80 : C. 1906, II. 1063) : 

KSCN + C3H5I = CaNfiNCS + KI ; 
a molecular rearrangement occurs here. 
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Pure allyl mustard oil is a liquid not readily dissolved by water. 
It has a pungent odour and causes blisters upon the skin. When 
heated with water or hydrochloric acid the following reaction ensues : 

C3H5NCS + 2H2O - CO2 + HjjS + C3H5NH2. 

It unites with aqueous ammonia to form allylthiourea (p. 509). 
When heated with water and lead oxide it yields diallylurea (p. 497). 

Acyl thiocarbimides , or acyl ^>othiocyanates, are produced by the action 
of fatty-acid chlorides, dissolved in benzene, on lead thiocyanate. Acetyl thio- 
carbimide, CH 3 CO(NCS), valeryl thiocarbiniidc^ C^HjCO-NCS (Ber. 29, K. 85), 
and carhethoxyi thioextrbimide^ CgHgOCO-NCS, b.p. G()"/21 mm. (Her. 29, R. 514), 
were obtained in this manner. Amines combine with them to form either alkyl- 
amides, AcNHR, and amine tliiocyanates, R-NHo, HSCN, or acylalkylthioureas, 
AcNHCSNHR (C. 1905, I. 1098 : 1900, II. 773^ etc.). 

Thlocyanuric acid, (HS) 3 C 3 N 3 , corresponds with cyanuric acid. -^^oThio- 
cyanuric acid is unknown, like Mocyanuric acid. Thiocyanuric acid results from 
cyanuric chloride (p. 523) and potassium hydrosulphide. It consists of small 
j^ellow needles, which decompose but do not melt above 200“. 

Its eaters result when cyanuric chloride and sodium mercaptides interact, 
and by the polymerization of the thiocyanic esters, RS-CN, when heated to 180“ 
with a little HCl. More HCl causes them to split up into cyanuric acid and 
rnercaptans. 

Methyl esters (CH 3 S) 3 C 3 N 3 , m.p. 188°, yields melamine with ammonia (p. 530) 
(Ber. 18 , 2755). Moiiothiocyamiric dimethyl ester^ (SI1)(0CH3)2C3N3, is prepared 
from 0-dimethylcyanuric chloride (p. 521) and KSII. When hydrolysed with 
HCl, it yields nionothiocyanuric acid^ (HS)(HO) 2 C 3 N 3 , which gives a characteristic 
mercury salt (Ber. 36 , 3196). 

isoThiocyanuric esters^ (RN) 3 C 3 S 3 , appear to have been formed by the poly- 
merization of mustard oils with potassium acetate (Ber. 25, 876). 


Cyanamide and the Amides of Cyanuric Acid 

Cyanamide, CN-NHg, m.p. 40"", the nitrile of carbamic acid, 
frequently reacts also according to the carbodiimide formula, 
HN : C : NH. 

It is formed (1) by the action of (‘hloro- or bromo-cyanogen on 
an ethereal or aqueous solution of ammonia [Bineau, 1838; Cloez 
and (’annizzaro, 1851) : 

CNCl + 2 NH 3 = CN NH 2 -f NH 4 CI ; 

and also (2) by the desulphurizing of thiourea by means of mercuric 
chloride, lead peroxide, or mercuric oxide (Ber. 18, 461 : Ann. 331, 
2S2) ; or lead hydroxide in presence of alkalis (C. 1897, 1. 367) : 

CS(NH2)2 + HgO - CN 2 H 2 + HgS 4 1120. 

(3) By treating urea with thionyl chloride : 

C0(NH2)2 + 8 OCI 2 - CN 2 H 2 + SO 2 4- 2HC1. 

(4) Metallic derivatives of cyanamide with sodium, calcium, etc., 
are prepared on a technical scale, and yield cyanamide when decom- 
posed with acids. Preparation of cyanamide from its calcium deriva- 
tive, see J. Biol. Chem. 32, 297. 

(a) Sodium amide and carbon or carbon comjiounds heated to 
40(MiO(J'' produce sodium cyanamide (C. 1905, II. 1650, etc.) : 

2NH2Na 4- C > CNgNug 4- 4H. 
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At 600° another atom of carbon enters into reaction and sodium 
cyanide, NaNC, is produced (C. 1904, I. 64). 

(6) Calcium carbide, mixed with certain substances such as calcium 
chloride, and when heated to high temperatures, absorbs nitrogen and 
is converted into calcium cyanamide (C. 1905, II. 1059 : Ber. 40, 310, 
etc. : 


C^Ca + Na ^ CN,Ca + C. 

(c) Carbonates, such as those of barium and lead, react with 
ammonia at temperatures of incandescence, yielding metallic cyan- 
amides (C. 1913, I. 677) : 

PbCOa + 2 NH 3 CN 2 pb + 

Cyanamide forms colourless, very hygroscopic crystals, ra.p. 41-42°, 
b.p. 134-144°/18 mm. It is easily soluble in water, alcohol, and ether. 
If heated it polymerizes to dicyandiamide and tricyantriamide 
(melamine). 

Salts . — It forms salts with strong acids, but these are decom- 
posed by water. It also forms salts with metals. An ammoniacal 
silver nitrate solution throws down a yellow precipitate, CN-NAgg, 
from its solutions. 

Reactions. — (I) By the action of sulphuric acid or hydrochloric 
acid, it absorbs water and yields urea (p. 494). (2) HgS converts it 

into thiourea (p. 508), and (3) NHg into guanidine (p. 512), whilst 
substituted guanidines are produced upon introducing the hydro- 
chlorides of primary amines. (4) Alcohols and hydrochloric acid 
change cyanamide into ethers of fvothiourea (p. 510). 

Mono-alkyl cyanamides are obtained (1) by the ac tion of cyanogen chloride 
on primary amines in etherc^al solution, or from aqueous solutions of amines 
and potassium cyanide witli bromine (C. 1900, JI. 1046) ; ( 2 ) by heating alkyl 
t hioureas with mercuric oxide and water. 

Meihylcyanamide^ CN-NHCHg, and ethylcyanamlde, CN^NHCgHg, are non- 
crystallizable, thick syrups with neutral reaction. They are readily converted 
into polymeric ^.^omelamine derivatives. 

Ally Icy atiarnidey CN-NHCgHg, {sinamine) is obtained from allyl thiourea. It 
is crystalline and polymerizes readily into triallyl melamine. 

Dialkyl cyanamides are formed (1) from CNBr, or KCN + Br (C. 1906, 
II. 1046) and sec. -bases ; ( 2 ) from silver cyanamide, CN-NAgg, and alkyl iodides. 
(.3) From CNBr and tertiary amines, whereby the first-formed trialkylcyanam- 

monium bromide, R'R'K"N<^g^, loses alkyl bromide — the smallest of the 

alkyl radicals being lost. Allyl and benzyl radicals, however, behave excep- 
tionally, and are split oU even more easily than the methyl group (Ber. 35, 1279). 
On the use of these methods for breaking down tertiary cyclic amines, see Ber. 40 , 
3914. 

Dirnethylcyanamidc, cyanodimethylamine, CN-N(CIl 3 ) 2 , b.in 68°/10 mm. ; 
diethylcyanamid.e, CN-N(C 2 H 5 ) 2 , b.p. 188°, is decomposed, when boiled with 
hydrochloric acid, into CO 2 , NHg and diethylamine, NH(C 2 H 5 ) 2 . Dipropyl- 
cyanamide^ b.p. 89°/ir) mm. Diamylcyanamidey b.p. 130°/10 mm. Treated 
witli ammonia and sulphuretted hydrogen in alcoholic solution, the cyano- 
(lialkylaminos are easily converted into the corresponding thioureas (Ber. 32 , 
1872). 

An example of a dialkyl-substituted carbodiimide is di-u-propylcarhodiimidey 
C(=N*C 3 H 7 ) 2 , b.p. 177°, which is produced from *‘^w.-dipropylthiourea and 
HgO (Ber. 26 , R. 189). 

For the conversion of cyanamide into cyanarnidocarbonic acid, cyanamido- 
dicarbonic acid, cyanamidodithiocarbonic acid, see pp. 502, 52o, 
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Amides of Cyanuric Acid and Imides of 

^5oCyanuric Acid 

Three amides are derived from cyanuric acid, and three tautomeric imides 
from the hypothetical tsocyanuric acid : 
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Melamine, cyanurarnide, C3N3(NH2)3, is obtained ( 1 ) as thiocyanate, by 
the rapid heating of aininoniuin thiocyanate (Ber. 19, R. 340 ), together with 
melarn and melem (see below) ; (2) the polymerization of cyanamide or dicyan - 
diamide on heating to 150 " (together with melam) ; ( 3 ) by heating methyl 
trithiocyanuric ester to 180 ° with concentrated ammonia ; and ( 4 ) by heating 
cyanuric chloride to 100 ° with concentrated ammonia (Bor. 18, 2765 ) : 

C3N3CI3 + 6NH3 - C3N3(NH3)3 + 3NH4CI. 

Melamine is nearly insoluble in alcohol and ether. It crystallizes from hot 
water in shining monoclinic prisms. It subhmes on heating and decomposes 
into luellon and NHj. It forms crystalline salts with 1 equivalent of acid. 
Fusion with potassium hydroxide converts it into potassium cyanate. 

On boiling with alkalis or acids melamine splits off ammonia and passes 
successively into C3H5N5O — C3N3(NH2)2‘OH, a white powder insoluble 

in water, but soluble in alkalis and mineral acids (Ber. 21 , R. 789 ) ; ammelide.y 
melam/rvuic acid, C3H4N4O2 = C8N3(NH2)(OH)2, a white powder which forms salts 
with both acids and bases, and foially into cyanuric acid, C8N3(OH)3 (Ber. 
19, R. 341 ). 

Melanurenic acid is also formed from raelam and melem (see below), when 
heated with concentrated H2SO4 (Ber. 19, R. 341 : 18, 3106 ). 

MeUim, CeHgNii = [(NH2)2C3N3]2NH (?), mdem, CeHeNio - [(NH2)C3N3. 
(NH)]2 (?), and mellon, CeHgNg = CaNglNHlaCgNg (?), are formed by heating 
ammonium thiocyanate, the first two at 200 °, and the last at red heat. They 
are amorphous white substances (Ber. 19, R. 340 ). 

Alkyl Derivatives of the Melamines. 

Whilst melamine is only known in one form, as cyanurotriamide, two series 
of isomeric alkyl derivatives exist — derived from normal melamine and the 
hypothetical womelamine : 

(1) C3N3(NHR')3 and C3N3(NR'2)3. (2) C3N3H3(NR')3. 

Normal alkyl melamines. Alkylisomelaminea. 

These are distinguished from each other not only by the manner of their 
preparation, but also by their reactions. 

(1) Normal alkyl melamines are obtained from the trithiocyanuric esters, 
CgNglS-CHglj, Hud from cyanuric chloride, C3N3CI3, upon heating with primary 
and secondary amines (Ber. 18 , R. 498 ) : 

C3N3CI3 + 3NH(CH8)2 - C 3 N 3 [N(CH 3 ) 2 ] 3 . 
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Heating with concentrated hydrochloric acid causes them to split up into cyanuric 
acid and the constituent alkylaminos. 

Trimethyl melamine^ C3N3(NH-CH3)3, in.p. 130°, dissolves readily in water, 
alcohol and ether. Tricthylmclamine, C3N3(NH-C2H5)3, crystallizes in needles, 

m.p. 74°. 

Methylethylmeluminc^ C3H3(NHC2H5)(NHCH3)NFl2» ni.p. 176°, is prepared 
from cyanuric chloride by the successive substitution of NH2*, CH3NH-, and 
C2H5NH- groups, it being immaterial in which order the groups are introduced. 
(See p. 523.) 

Hexamethylmelaminej C3N3[N(CH3)2l3, m.p. 171°, hexaelhylmclamine^ 
[N(C2H5)2]3, is a liquid, which is decomposed by hydrochloric acid into cyanuric 
acid and 3 molecules of diethylamine. 

(2) Alkyl ^^omelamines are formed by the polymerization of the alkyl 
cyanamidos, CN-NHR^ (p. 529), upon evaporating their solutions, obtained from 
the alkyl thioureas on warming with mercuric oxide and water. They are 
crystalline bodies. When heated with hydrochloric acid they yield cyanuric 
esters and ammonium cliloride (Ber. 18 , 2784). 

Trimethyl isome/amvac, C3N3(CH3)3(NH)3 -f 3H2O, m.p. 179°, anhydrous. It 
already sublimes at about 100°. Triethyl immeiumhie , ('3N3((\2H,r,)3(NH)3 +- 
4H2O, consists of very soluble needles. See Ber. 18, 3217, for tlie phenyl deriva- 
tives of the mixed melamines (also amide and imido bodies). 

Cyanuramine Chlorides. — Cyanuramdne dichloride, CaNgOlalNHa), corre- 
sponds with cyanuric rnonamide or ammelide (p. 530) or rnelanurenic- acid ; 
and cyatiurod'iainine t no nochloride, C3N3C1(NH2)2» with cyanuric diamide or 
arnmoline. The former substance is formed by the action of ammonia on an 
ethereal solution of cyanuric chloride ; the latter by aqueous ammonia on the 
chloride. Similar conditions of experiment applied to methylamine and ethyl- 
amine give rise to the following substances : cyannrornethylamino dichloride t 
CaN3Cl2(NHCH3), m.p. 161°; cyamiroethylamim dichloride, C3N3Cl2(NHC2H5)2, 
m.p. 107°; cyanuroaminomethylamiiw chloride, C3N3C1(NH2)(NHCH3) ; cyanuro^ 
ammoethylamino chloride, C3N3C1NH(C2H5)(NH2), m.p. 176° ; cyanuro methyl^ 
amiiwethylamim chloride, C3H8C1(NHCH3)(NHC2H5), m.p. 235°. Kthylarnine, 
methylamine and ammonia convert the three last-named chlorides into methyl 
ethyl melamine. 

Cyanuramine Hydrides, Guanamines. — The hydrogen compound, hydro- 
cyanuric acid or trihydrocyanic acid, corresponding with cyan- 

uric chloride, is unknown. However, reduction of cyanuramine dichloride forms 
monaminohydrocyanuric acid, CaNgHg-NHa, m.p. 225°, whilst cyanodiamine 
monochloride yields diaminohydrocyanuric acid, (luanamines are the bases 
formed when fatty-acid guanidme salts are heated to 220°-230°, whereby water 
ami ammonia are driven off (Nencki, Ber. 9, 228). The simplest guanamine is 
formed when guanidine formate is heated, or when biguanide (p. 515) is acted 
on by chloroform and potassium hydroxide solution (Bor. 25, 535). This 


formoyuanamine, m.p. 325°, is identical with diammo- 

hydrocyanuric acid (see above). Homologous guanamines are derived from this, 
by the replacement of the H-atoms in the CH- group by alcoliol radicals. 

AcekHjuanamine, >N, m.p. 265°, is produced from guani- 

dine acetate. Concentrated sulphuric acid at 150° converts it into aceto- 
guanamide (c/. Acetyl urethane, p. 491), 
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A. PARAFFIN DICARBOXYLIC ACIDS, OXALIC ACID SERIES, 
CnH2n-204» CnH2n(C02H)2 


The acids of this series contain two carboxyl groups, and are there- 
fore dibasic. They differ very markedly from each other on the 
application of heat, depending upon the relative positions of the 
carboxyl groups. Oxalic acid, COoH-COgH, the first member of the 
series, breaks down on heating chiefly into CO 2 , CO and water, but 
in part into CO 2 and formic acid. The latter decomposition is charac- 
teristic of all dibasic acids, in which the two carboxyls are attached 
to the same carbon atom — the jS-dicarboxylic acids, e.g. malonic acid, 
CH2(C02H)2. The latter acid and all mono- and di-alkylmalonic 
acids decompose on heating at the ordinary pressure into acetic acid, 
and mono- and di-alkylacetic acids with the elimination of COg: 

= CHa-CO.H + CO,. 

Malonic acid. Acetic acid. 


On the other hand, when the two carboxyl groups are attached 
to adjacent carbon atoms, as in ordinary succinic acid, COoH-CHo- 
CH 2 *C 02 H, and in the alkylsuccinic acids, these dicarboxylic acids, 
when heated, do not give up CO 2 , but part with water and pass into 
anhydrides, whic h can also be prepared in other ways, wliereas the 
simple anhydrides of the malonic acids are not known (p. 543). 
Succinic acid is the type of these acids : 

CH2COOH CH^COv 

I =1 >0 + H2O. 

CH2COOH CH2CO/ 

Succinic acid. Succinic anhydride. 


Glutaric acid, or normal pyrotartaric acid, C02H-CH2-CH2*CH2*- 
CO 2 H, in which the two carboxyl groups are attached to two carbon 
atoms, separated by a third, behaves in this manner. Like succinic 
acid, it yields a corresponding anhydride when it is heated. All 
alkylglutaric acids behave analogously : 



Glutaric acid. 


+ H.O. 

Glutaric anhydride. 


Differentiation of succinic and glutaric derivatives, see WindauSy 
Ber. 54 , 581. 

When the two carboxyl groups are separated by four or more 
carbon atoms, they do not interact on the application of heat, and 
adipic acid, COOH*[CH 2 ] 4 *COOH, for example, volatilizes without 
decomposition. Cyclic ketones, however, can be obtained from these 
higher dicarboxylic acids, by distillation of certain salts, notably the 
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thorium salt (see p. 560), or by heating the acids with acetic anhydride 
(Blanc, Compt. rend. 144, 1356). 

These acids are frequently obtained by the oxidation of natural 
ring compounds, and owing to their different behaviour on heating, 
the number of carbon atoms in the ring by the breakdown of which 
they are formed can bo deduced (Blanc, loc. cit.). This method has 
been much used by Windaus and Wieland in the determination of 
the constitutions of the sterols and bile acids. 

Formation . — The most important general methods are — 

(1) Oxidation of (a) diprimary glycols, (6) primary hydroxy-alde- 
hydes, (c) dialdehydes, (d) primary hydroxy-acids, and (e) aldehyde 
acids (p. 455) : 


CH20H 

COOH 

y 1 

CHO 

CO2H 

V 1 

CO2H 

CHg-OH 

CHaOH 

CHO 

> 1 

COH 

^ CO2H 

(jilycol. 

GlycolUc acid. 

— 

Glyoxal. 

Glyoxylic acid. 

Oxalic acid. 


The dibasic acids are also formed when the fatty acids, CnHanOg, 
and the acids of the oleic acid series, as well as the fats, are oxidized 
by nitric acid. Certain hydrocarbons, CnHjn, have also been converted 
into dibasic acids by the action of potassium permanganate. 

(2) By the reduction of unsaturated dicar boxylic acids : 

CilCO.,H CH^CO^H 

II 4- 2H = I 

CHCOgH CH2CO2H 

Funiaric acid. Succinic acid. 

(3) When hydroxydicarboxylic acids and halogen dicarboxylic 
acids are reduced. 

Nucleus-synthetic Methods of Formation . — These are very numerous. 

(4) When silver in powder form (Ber. 2, 720) acts on mono-iodo 
(or bromo-) fatty acids : 

CH2CH2CO2H 

2I CH2CH2CO2H + 2 Ag = I -f 2 AgI. 

CH2CH2CO2H 

/3-Iodopropionic acid. Adipic acid. 

Trimethylglutaric acid is formed as well as tetramethylsuccinic 
acid by the action of silver on a-bromoz5obutyric acid (see p. 558). 

(5a) Conversion of monohalogen substituted fatty acids into cyano- 
derivatives, and boiling the latter with alkalis or acids (pp. 297 and 
324) : 

+ 2H,0 = + NH3. 

Cyanoacetic acid. Malonic acid. 

(56) Conversion of the halogen addition products of the olefines, 
CnH 2 n, into cyanides and the hydrolysis of the latter : 

CHa-CN CH2CO2H 

I -f 4H2O = I 4- 2NH2. 

CHa-CN CH2CO2H 

Only the halogen products having their halogen atoms attached 
to two different carbon atoms can be converted into dicyanides. 

Since dicarboxylic acids or their esters or anhydrides can be reduced 
to hydroxycarboxylic acids or their lactones (p. 424) by means of 
nascent hydrogen (from sodium and alcohol, electrolysis, etc.), and these 
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can be (converted into cyanocarboxylic acids, via halogen-carboxylic 
acids, it follows that these processes provide a means for the synthesis 
of progressively higher members of the dicarboxylic acid series : 
Coai cOoH y CH2OH CO2H CH2CICO2H ^ CN CH2CO2H 

C02HCH2C02R- 

(5c) y- and ^-Lactones, when heated with potassium cyanide and 
subsequently hydrolysed, are converted directly into a higher acid 
(c/. p. 561) (C.‘l905, II. 755): 

CH3)2CC02R „ (CH3)2CCH2V KNC (CH3)2CCH2-CN 

1 ^ I >0 > I 

H2C CO2R H2C CO / H2CCOOH HCl 

(CH3)2CCH2-C02R „ (CH3)2C-CH2-CH 

I — ^ I I 

H2CC02R CH2C00 

(6) Mono- and di-alkyl malonic acids can be synthesized by direct 
replacement of the hydrogen atoms of the CHo group of the malonic 
esters by alkyl groups, as in the case of acetoacetic ester (p. 471). 
This reaction will be more fully developed under malonic acid (p. 545). 

(7) By the electrolysis of concentrated solutions of the potassium 
salts of the dicarboxyHc acid mono-alkyl esters (see electrolysis of 
the mono-carboxylic acids (pp. 94, 298) (see Proc. Roy. Soc. Edin. 
46, 71): 

CH2CO2C2H5 CH2C02CaH5 

2 I + 2H2O = I + 2CO2 + 2K0H + 2H. 

CO2K CH2CO2C2H6 

Potassium dhyl Succinic ethyl 

inulonatc. ester. 

(8) A very general method for the synthesis of dibasic acids is 
based uj)on the decomposition of ^-ketonedicarboxylic esters. Acid 
radicals are introduced into the latter and the products decomposed 
by concentrated alkali solutions (p. 624) : 

Acctoinulonic ester. Malonic acid. 

CH3C0'CHC02C2-H6 CH2CO2H 

I I 

CHjCOjCjHs CH,CO,H 

Acetosucciuic ester. Succinic acid. 

(9) Tricarboxylic acids, which contain two carboxyl groups 

attached to the same C-atom, split off CO 2 and yield the dibasic acids. 
Ethane tricarboxylic acid yields succinic acid, and i^obutane tricar- 
boxylic acid gives rise to -dimethyl succinic acid, etc. 

(10) General method for preparation of the higher polymethylene 
dicarboxylic acids, see p. 562. 

1 somcrlsm . — iHomers of the first two members of the series — 

CO2H yCOaH 

(1) I and (2) CH2< 

CO2H \CO2H 

Oxalic acid. Malonic acid. 


are not possible. For the third member two isomers exist : 

CH2CO2H /COaH 

(3) I and CH8-CH<; 

CH2CO2H \CO2H 

Succinic acid. i«o8uccinic acid 

(methylmalonic acid). 
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There are four possible isomers 
are known : 

with the formula 

etc. ; 

CH 2 CO 2 H 

1 

CH 2 CO 2 H 

CH{C 02 H )2 

CH, 

(4) CH, 

1 

1 

CHCO 2 H 

1 

1 

CH 2 

1 

C(C 02 H )2 

CH 2 CO 2 II 

CH 3 

1 

CH 3 

1 

CH 3 

Glutaric acid. 

Cyrotartarlc 

a«tid. 

Ethylmalonic 

acid. 

Dimethylmalonic 

acid. 


(5) Thf^ fifth mombor of tho sorias, the acid C4H8(C02H)2, has nine possible 
isomers ; all are known. 

(6) There are twenty -four imaginable isomers of the sixth member — the acids 
C5 Hio(C 02H)2 (Ann. 292, 134). 

Nomrnrlaturr . — The names of the older dicarboxylic acids — e.g. oxahc, 
malonic, succinic, etc. — recall the occurrence or tho methods of making these 
acids. Many acids are described as substitution products of the polymethylene 
carboxylic acids, COOH(CH 2 )«-COOH, e.g, methylsuccinic acid, COOH-CH,-- 
CH(CH 3 ) C00H, etc. 

Idle “ Geneva ” names are deduced, like those for tho mono -carboxylic acids, 
from the corresponding hydrocarbons ; oxalic acid = [ethane-diacid] ; malonic 
acid [propane-diacidj ; succinic acid = [butane-diacid]. The bivalent residues 
linked to the two liydroxyls are called tho radicals of the dicarboxylic acids 
— e.g. CO CO, oxalyl ; CO-CHg'CO, malonyl, and CO-CHj CHg'CO, succinyl. 
The melting points of the normal dicarboxylic acids exhibit a regularity ; the 
members containing an even number of carbon atoms melt higher than those 
with an odd number (Baeyor). 


Derivatives of the Dicarboxylic Acids. — It has been indicated 
in connection with the monocarboxylic acids (p. 278) what derivatives 
of an acid can be obtained by a change in the carboxyl group. As 
might well be expected, the derivatives of the dicarboxylic acids are 
much more numerous, because not only the one group, but both 
carboxyls can take part in the reaction. The heterocyclic derivatives 
of the succinic and glutaric acid groups are particularly noteworthy : 
they are the anhydrides (p. 551) and the acid imides, e.g. succinimide, 


CH2CO 

I 

CH2CO 



, and glutarimide, 


CH2< 


CH2CO 

CH2CO 


>>NH 


(p. 552). 


Oxalic Acid and its Derivatives 

(1) Oxalic acid, [ethane-diacid], C 2 O 4 H 2 , occurs in many plants, 
chiefly as potassium salt in the different varieties of Oxalis and Rumex. 
The calcium salt is often found crystallized in plant cells ; it con- 
stitutes the chief ingredient of certain calculi. 

The acid may be prepared artificially (1) by oxidation of many 
carbon compounds, such as sugar, starch, etc., with nitric acid. 

Frequent mention has been made of its formation in the oxidation 
of glycol, glyoxal, glycollic acid and glyoxylic acid. 

(2) From cellulose : by fusing sawdust with potassium hydroxide 
in iron pans at 20()-22(F. The fused mass is extracted with water, 
precipitated as calcium oxalate, and this is then decomposed by 
sulphuric acid (technical method). 

(3) It is formed synthetically (a) by rapidly heating sodium formate 
above 440° (Ber. 15, 4507) : the addition of sodium hydroxide, car- 
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bonates or oxalates enable the reaction to take place at 360'’, and 
more completely (C. 1903, II. 777 : 1905, II. 367) : 

HCOONa COONa 

=1 + H, ; 

HCOONa COONa 

This method is used technically. 

(b) by oxidizing formic acid with nitric acid (Ber. 17 , 9). 

(4) By conducting carbon dioxide over metallic sodium heated to 
350-360'’ (Ann. 146 , 140) : 

2CO2 + Naa = CgO^Nag. 

CO 2 and potassium hydride yield a mixture of potassium format© 
(p. 282) and oxalate. 

(5) Upon treating its nitriles, cyanoformic ester and cyanogen, 
with hydrochloric acid or water : 

CN COjjH CN 

I ^ I I . 

CO 2 C 2 H 5 CO 2 H CN 

History . — At the beginning of the seventeenth century salt of sorrel was 
known, and was considered to be a variety of argol. Wiegleh (1778) recognized 
the peculiarity of the acid contained in it. Scheele had obtained free oxalic 
acid as early as 1776 by oxidizing sugar with nitric acid, and showed in 1784 
that it was identical with the acid of the salt of sorrel. Gay-Lussac (1829) dis- 
covered that oxalic acid was formed by fusing cellulose, sawdust, sugar, etc., 
with potassium hydroxide. This process was introduced into practical manu- 
facture in 1856 b}^ Dale. 

Properties and Reactions. — Free oxalic acid crystallizes with two 
molecules of water in monoclinic prisms, which effloresce at 20° in 
dry air. On rapid heating, the hydrated acid melts at 101° and the 
anhydrous at 189° (Ber. 21 , 1901). It is soluble in 9 parts of water 
at ordinary temperatures, fairly easily in alcohol, but with difficulty 
in ether (C. 1897, I. 539). Anhydrous oxalic acid crystallizes from 
concentrated sulphuric and nitric acid (Ber. 27 , R. 80), and can be 
employed as a means of bringing about condensations on account of 
its dehydrating properties (Ber. 17 , 1078). When carefully heated 
to 150" the anhydrous acid sublimes undecomposed. Oxalic acid is 
poisonous. 

(1) Rapidly heated it decomposes into formic acid and carbon 
dioxide, and also into CO 2 , CO and water : 

C 2 H 2 O, = CH 2 O 2 -f CO 2 ; C 2 H 2 O 4 = COo + CO -f HjO. 

Reaction between oxalic acid and glycerol, see p. 282. 

(2) An aqueous oxalic acid solution under the influence of light 
and air decomposes into CO 2 , HgO, and in the presence of sufficient 
oxygen, HgOg (Ber. 27, R. 496). 

(3) Oxalates decompose into carbonate and hydrogen by fusion 
with alkalis or soda-lime : 

C 2 O 4 K 2 + 2KOH = 2 K 2 CO 8 + Hj. 

(4) Heated with concentrated sulphuric acid it yields carbon 
monoxide, dioxide and water. 

(5) Nascent hydrogen converts it first into glyoxylic acid (p. 455) 
and then into glycoUic acid (p. 414). 
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( 6 ) Concentrated nitric acid slowly oxidizes oxaUe acid to CO 2 and 
water. Potassium permanganate in acid solution rapidly oxidizes it, 
a reaction which is used in volumetric analysis. 

Persulphatcs in acid solution and in presence of silver salts oxidize 
oxalic acid very energetically. This reaction constitutes a quantitative 
method for determining the active oxygen of persulphates (Ber. 38, 
3963). 

A solution of mercuric chloride and ammonium oxalate rapidly 
decomposes, in the light and in absence of oxygen, into carbon dioxide 
and calomel (Ber. 38, 2602). 

(7) Anhydrous oxalic acid yields with phosphorus pentachloride, 
oxalyl chloride (p. 538). It has also been possible to replace 2C1 by 
O in certain organic dichlorides by using anhydrous oxalic acid (p. 318). 
SbClg and oxalic acid yield the compound (COOSbCl 4)2 (Ann. 239, 
285 : 253, II2 : Ber. 35, III9). 

Salts. — The oxalates, excepting those with the alkali metals, are almost 
insoluble in water. 

Potassium oxalate, C 2 O 4 K 2 4- H 2 O. Potassium, hydrogen oxalate, C204BtK, dis- 
solves with more difficulty than the neutral salt, and occurs in the juices of 
plants, such as Oxalis and Rumex. Potassium quadrioxalate, C204KH-C204H2 + 
2H2O. 

Ammonium oxalate, C204{NH4)2 + H2O, consists of shining, rhombic prisms, 
which occur in laovo- and dextro-hemihedral crystals (Ber. 18, 1394 : C. 1905, 
II. 885). Calcium oxalate, C204Ca -f HgO, is insoluble in acetic acid, and serves 
for the detection of calcium and of oxalic acid, both of which are determined 
quantitatively in this form. The silver salt, C204Ag2, explodes when quickly 
heated. 

Oxalic acid yields crystalline compounds with substances containing oxygen, 
such as cinnamic aldehyde, cineol, and dimethyl pyrone (Vol. II) (Bor. 35, 
1211 ). 

Trimercuriacetic acid, H0Hg(Hg20)C*C00H, and ^mercarhide, HOHg- 
(Hg20)C-C(Hg20)Hg0H (c/. p. 144), are derivatives of oxalic acid. They are 
obtained when acetic acid or alcohol is heated with HgO in the presence of 
alkalis. They consist of white powders of basic character. Mercarbide is very 
stable towards reagents, but explodes violently when heated above 200° (Ber. 
33, 1328 : 36, 3707 : 38, 3054). 

Esters. — The mono- and dialkyl esters of oxalic acid are formed 
simultaneously by heating anhydrous oxalic acid with alcohols. They 
can be separated by distillation under reduced pressure (Ann. 254, I). 

Mono Alkyl Esters. — Ethyl hydrogen oxalate, COOH-COOEt, b.p. 117°/15 
mm., D20 = 1-2175. n-jmopyl ester, b.p. 118°/13 mm. Pre- 

served in sealed tubes, the alkyl liydrogen esters decompose into anhydrous 
oxalic acid and the neutral esters. Distilled at the ordmary temperature, 
they break down mainly into oxalic ester, CO2, CO and HgO, and in part to 
CO 2 and formic esters. 

Dialkyl Esters.— The methyl ester, 0204(0113)2, is a crystalline solid, m.p. 
54°, b.p. 153°. It can be used for the preparation of pure methyl alcohol, the 
crude alcohol being converted into the crystalline oxalate and the latter decom- 
posed into oxalic acid and the pure aqueous alcohol. 

Ethyl ester, b.p. 186°, is formed upon heating oxomalonic ester (Ber. 27, 
1304). See p. 483 for its conversion into carbonic ester. Oxalic ester, under the 
influence of sodium ethoxido, condenses with acetic ester to form oxalacetic ester, 
COaCgHfi-CO-CHg-COgCgHB, and with acetone to acetone oxalic ester (comp, 
chelidonic acid). Zinc and alkyl iodides convert the oxalic ester into dialkyl- 
glycollic esters (p. 411). 

Oxalic ester unites with hydroforrocyanic acid to form a woll-crystallizmg 
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compound (CO()C 2 H 5 ) 2 *H 4 Fe(CN)fl (Bor. 34 , 2692). With SbClg ethyl oxalate 
forms Cl 4 SbC 2 H 40 C 0 C00CaH3(SbCl4)2 (Ber. 35 , 1120). 

COOCHj 

Ethylene ester, | | , m.p. 143”, b.p. 197”/9 mm. (Ber. 27, 2941). 

COOCH 2 

Semi -ortho -oxalic Acid Derivatives. — Dichloroxalic esters : When PCI 5 
acts on the neutral oxalic esters, one of the doubly -linked oxygen atoms is replaced 
by 2C1 atoms : 

COOC^Hs CCI 2 OC 2 H 6 

I -f PCI 3 = I + POCI 3 . 

COOC 2 H 5 COOCaHg 

These products are called dichloroxalic esters (Ber. 28, 61, note). When 
fractionated under greatly reduced pressure, they can be separat-ed from unaltered 
oxalic ester. Distilled at the ordinary pressure, these esters decompose into 
alkyl chlorides and alkyl oxalic acid chlorides (see below). 

Dichloroxalic dimethyl ester, CCl 2 (OCH 3 )-C 02 CH 3 , b.p. 72”/12 mm. D 22 — 
1*36. Dichloroxalic diethyl ester, b.p. 85”/10 mm. Dichloroxalic di-n-propyl ester, 
b.p. 107”/10 mm. 

Ethyl dichlorox-alic chloride, COChCCl 2 -OC 2 H 5 , b.p. 140”, results from tri- 
chlorovinyl ethyl ether, OClg : CCIOC 2 H 5 , by absorption of oxygon (Ann. 308 , 
324). 

Semi -ortho ’Oxalic esters are produced by the interaction of dichloroxalic esters 
with sodium alcoholates in ether : 

C 02 C 2 H 3 -CC 120 C 2 H 6 + 2 C 2 H 30 Na - C 02 C 2 H 5 -C(OC 2 H 5)3 + 2NaCl. 

Tetramethyl oxalic ester, C(OCH 3 ) 3 *COOCH 3 , b.p. 76°/12 mm. ; D = 1‘1312. 
Tetraethyl oxalic ester, b.p. 98°/12 mm. (Ann. 254, 31). 

The anhydride of oxalic acid is not known. In attempting to prepare it 
CO 3 and CO are produced. However, the chlorides of the alkyl oxalic acids, 
and oxalyl chloride, are known. 

Chlorides of alkyl oxalic acids are obtained by the action of POClg on 
potassium alkyl oxalates, and of SOCI 2 on alkyl hydrogen oxalates (Ber. 37, 
3678). They are most practically prepared by boiling dichloroxalic esters under 
the ordinary pressure until the evolution of alkyl chloride ceases (Ann. 254 , 26). 
They show the reactions of an acid chloride (p. 315). With benzene hydrocarbons 
and AlgClg they yield phenyl glyoxylic esters and their homologues (Ber. 14 , 
1 689 : 29 , R . 51 1 , 546). At 200” they break down into CO and chloroformic esters. 

Methyl oxalic chloride, COCI CO 2 CH 8 , b.p. 119” ; Dgo — 1*3316. Ethyl oxalic 
chloride, COCl COoC^Hg, b.p. 135°; D — 1*2223. n-Propyl oxalic chloride, b.p. 
153°. 'moButyl oxalic chloride, b.p. 164”. Amyl oxalic chloride, b.p. 184°. These 
are liquids with a penetrating odour. 

Oxalic inono-ethyl ester anhydride, (C 2 H 50 CO’CO) 20 , b.p. 135°/100 mm., is 
prepared by heating ethyl oxalic chloride and sodium acetate together, and 
fractionating the product of reaction (C. 1900, II. 174). 

Oxalyl chloride, COCI COCI, m.p. — 12°, b.p. 64°, is obtained from 
anhydrous oxalic acid and phosphorus pentachloride. It readily breaks down 
into phosgene and carbon monoxide (Ber. 41 , 3563). 


Amides of Oxalic Acid 

Oxalic acid yields two amides : oxamic acid, corresponding with 
the mono-ethyl oxalic ester, and oxamide, corresponding with oxalic 
diethyl ester. Oximide can be included with these : 

CO-NHg CONH2 CO\ 

I I I >NH (?). 

COOH CONH 2 CO/ 

Oxamic acid. Oxamide. Oximide. 

Oxamic acid, CONHa’COOHg, m.p. 210° (decomp.). Its ammonium salt 
{Balard, 1842) is produced (1) by heating ammonium hydrogen oxalate ; (2) from 
oxamide ; and (3) by boiling oxamic acid esters with ammonia (Ber. 19 , 3229 : 
22, 1569). Hydrochloric acid precipitates oxamic acid from its Qdumonium 
salt as a difficultly soluble crystalline powder. 
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Its eaters result from the action of alcoholic or dry ammonia on the esters 
of oxalic acid: ethyl cater, oxam, ethane, CONHg-COOCaHg, m.p. 114° {Boullay 
and Dumas, 1828). Oxamethane yields with phosphorus pentachloride the 
dichloro derivative (II), which loses one molecule of HCl to form the imido- 
chloride (III), and a further molecule of HCl to form ethyl cyanoformate (IV) 
(Wallach, Ann. 184 , 1) : 


COOCgHfi 

I 

CONH2 

Oxamethane. 


(I) 


PCI, COOC2H5 

^ I 


CCI2NH2 
Ethyl oxamino- 
chloride. 


(II) 


-HCl 
> 


COOC2H, _HC1 

I > 

CCl-NH 

Ethyl oximido- 
chloridc. 

(Ill) 


COOC2H3 

I 

Ce-N 

Cyanoformic 

ester. 

(IV) 


Oxamic trtrnethyl ortho-eater, CONH2'C(OCH3)3, rn.p. 115", is formed on heating 
semi -ortho-oxalic methyl ester with anhydrous methyl alcoholic ammonia. 

Me.thyloxam.ic acid, C0NH(CH3)*C02H, m.p. 146°. 

Ethyloxamic acul, C0NH(C2H6)C02H, m.p. 120°. 

Dicthyloxarnic acid, diethyloxarne thane, CON(C2H slgCOgR, b.p. 254°, is 
produced by the action of diothylamine on oxalic esters. It regenerates diethyl- 
amine on Vjeing distilled with potassium hydroxide. A method for separating 
the amines (p. 193) is based on this behaviour. 

CO\ 

Oxalimide, \ \NH (?), is obtained from oxamic acid by the aid of PCI 5 or 

co/ 

I*Cl30 (Ber. 19 , 3229). The molecule is probably a double one. 

Oxamide, C202(NH2)2» separates as a white, crystalline powder, when 
neutral oxalic ester is sliaken with aqueous ammonia (1817, Bauhof). It is 
insoluble in water and alcohol. It is also formed on heating ammonium oxalate 
(1830, Dumas : 1834, Liebig) ; and when water and a trace of aldehyde act on 
cyanogen, CgNg ; or by the direct union of hydrocyanic acid and hydrogen 
peroxide : 

2HNC + H2O2 = C2O2N2H4. 


Oxamide is partially sublimed when lieated, the greater part, however, 
being decomposed. When heated to 200° wdth water, it is converted into 
ammonium oxalate. P2O5 converts it into cyanogen ; heating with concentrated 
sulphuric acid, into ammonium sulphate, CO2 and CO (Ber. 39, 57). 

Alkyloxamides are produced by the action of the primary amines on the 
oxalyl esters. 

F,yin.-Dimethyloxamide, (CONHCH3)2, m.p. 210°. 

sym. -Diethyloxamide, (CONC2H5)2, m.p. 179°. 

Tetramcthyloxamidc, [CON(CH3)2]2, m.p. 80°, is obtained from dimethyl- 
carbamyl chloride by the action of sodium (Ber. 28 , R. 234). 

PCI 5 converts these alkyloxamides into amide chlorides, which lose 3HC1 
and pass into glyoxaline derivatives {Wallach, Ann. 184 , 33 : Japp, Ber. 15 , 
2420) : thus dimethyloxainido yields chloroxalomethyline (chloromethylglyox- 
aline) and diethyloxamide yields chloroxalethyline : 


CONHCH3 opcK CCI2NHCH3 _2HC 

I ^ 1 ^ 

CONHCH3 CCI2NHCH3 

Dimethyl Dimethyl 

oxamide. oxamide 

tetrachloride. 


CC1:NCH3 _h('1 CH— N(CH3)n. 

I > II 

CCl : NCH3 CCl- 

Dimethyl Chloromethylglyoxaline. 

oximide 
dichloride. 


Oxarnidoacctic acid, amidoxalylgly cocoll, NH2C0-C0NH-(^H2(^02H, m.p. 
224-228° with decomposition, and oxalyldiglycocMl, oxamidodiacetic acid, 
COaHCHj-NHCOCONH-CHgCOaH, are formed from oxamethane and oxalic 
ester and glycocoll respectively (Ber. 30, 580). 

DiethyldinUro-oxamide, >N-CO-CO N<p*]|^, m.p. 35°, is decomposed 

by dilute sulphuric acid to form ethyl nitramine (C. 1898, I. 373). 

Hydrazldes and hydroxyamides of oxalic acid, aemi-oxamazide, oxaminic 
hydrazide, NHjCOCONH NHa, m.p. 220° (decomp.), is prepared from oxa- 
methane and hydrazine. Similarly to semicarbazide, it gives condensation 
products with aldehydes and ketones (Ber. 30, 585). 
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Oncnmazidcy NHa’CC CO-Ng, explodes by friction, or on heating to 115”. 

Oxalic hydrazidr, NHa'NHCOCO'NHNHg, decomposes at about 235°, and 
turns brown. It is formed when hydrazine hydrat-e acts on oxalic ester. It 
unit4>s witb ncetoacetic ester to form bis-acotoacetic ester oxalhydrazone, 
(CeHioOg) : NNHCOCONHN : (CeHjoO^) (Ber. 40 , 711). 

The reaction products of diazoacetic acid (p. 458) can be looked on as being 
cyclic hydrazine derivatives of oxalic acid ; they yield hydrazine and oxalic 
acids when hydrolysed, 

Hydroxyloxamidey NHaCOCONH’OH, m.p. 159°, is formed from oxamethane 
and hydro xylamine. 

Acetoxyloxamidcy NHgCOCONH-OCOCHa, m.p. 173°, when heated with 
acetic anhydride to 110° is decomposed into cyanuric acid (p. 520) and acetic 
acid (Ann. 288, 314 : c/. C. 1901, II. 210, 402). Arnidoximc oxalic acid, HOOC-- 
C(N0H)NH2 (Ann. 321, 357). 


Nitriles of Oocalic Acid 


Two nitriles correspond with each dicarboxylic acid : a nitrilic 
acid, or semi-nitrile, and a dinitrile. The nitrilic acid of oxahc acid 
is cyanoformic acid, and it is only known in its esters. Cyanogen 
is the dinitrile of oxalic acid. The connection between these nitriles 
and oxalic acid is shown by their formation from the oxamic esters 
and oxamide through the elimination of water, and their conversion 
into oxalic acid by the absorption of water and the loss of ammonia : 


COOCjjHs ^ H,o COOC2H5 

I ^ 1 

CONH2 ON 

Oxamethane. Cyanoformic ethyl eater. 


CONHj _ 2H.0 CN 
I I 

CONHj CN 

Oxamide. Cyanogen. 


Cyanoformic esters, cyanocarbo't\ic esters, nitrilo^oxalic esters, are produced 
during the distillation of oxamic esters with P2O5 or PCI (p. 325), as well as 
from cyanirnidocarbonic ether. Cyanoformic methyl ester, CN-COgCHg, b.p. 
100°. Ethyl ester, b.p. 115°. These are liquids with a penetrating odour. They 
are insoluble in water, which slowly decomposes them into OOg, hydrocyanic acid, 
and alcohols. Zinc and hydrochloric acid convert them into glycocoll (p. 440). 
Concentrated hydroclilonc acid breaks them down into oxalic acid, ammonium 
chloride, and alcohols. Bromine or gaseous HCl at 100° converts the ethyl ester 
into the polymeric cyanuric tricarboxylic esters (p. 522). 

Cyaniniidocurhonic acid ether, oxalic nitrile imido ether, CN*C(:NH)OC2 Hb, 
b.p. 50'/'^^^ inm., is prepared from cyanogen chloride or bromide and water, 
alcohol, and potassium cyanide ; also from potassium cyanide, water, and ethyl 
hypochlorite (p. 109). Cyanirnidocarbonic acid ether forms a yellow, sweet oil, 
possessing, at the same time, a pungent odour. Concentrated hydrochloric acid 
converts it into ammonium chloride and cyanocarbonic acid ester. 

ChZoroethyl imidoformyl cyanide, oxalic nitrile ethyl imidochloride, CN'C- 
(:XC2H5)C1, b.p. 126°, is prepared from cyanogen chloride and ethyl r^ocyanide 
(Ann. 287, 302). 

Cyanortho formic ester, triethoxy acetonitrile, ortho •oxalonitrilic ethyl ester, 
CN*C(0C2H5)3, b.p. 160° (Ann. 229, 178). 

Trinitroacctonitrile, CNC(N02)a, m.p. 41-5°, explodes at 220° (see fulminuric 
acid, p. 29()). 

Cyanogen, oxalonitrile, [ethane dinitrile], CN-CN, is present in small quantity 
in the gases of the blast furnace. It was obtained in 1815 by Gay-Lussac by the 
ignition of mercuric cyanide. The change proceeds more readily by the addition 
of mercuric chloride : 


Hg(CN)2 = C2N2 + Hg. Hg(CN)2 + HgCb = -f Hg2Cl2. 

Silver and gold cyanides behave similarly. Cyanogen is most readily pre- 
pared from potassium cyanide, by adding gradually a concentrated aqueous 
solution of 1 part KNC to 2 parts cupric sulphate in 4 parts of water, and then 
heating. At first a yellow precipitate of cupric cyanide, Cu(CN)2, is produced. 
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but immediately breaks up into cyanogen gas and cuprous cyanide, CuCN 
(Ber. 18 , R. 321) : 

2CUSO4 + 4 KNC = Cu2(CN)2 + (CN)2 + 2K2SO4. 

Its preparation by heating ammonium oxalate, and from oxamide and 
PaOfi, is of theoretical interest. 

Properties and Reactions. — Cyanogen is a colourless, peculiar-smelling, poison- 
ous gas. It may be condensed to a mobile liquid which boils at — 21°, and 
has D — 0 - 866 , or by a pressure of five atmospheres at ordinary tempera- 
tures ; at — 34° it forms a crystalline mass. It burns with a bluish, purple- 
mantled flame. Water dissolves 4 volumes and alcohol 23 volumes of the 
gas. 

On standing, the solutions become dark and break down into ammonium 
oxalate and formate, hydrogen cyanide and urea, and at the same time a brown 
body, the so-called azulmic acid^ C4H5N5O, separates. With aqueous potassium 
hydroxide cyanogen yields potassium cyanide and cyanate. in those reactions 
the molecule breaks down, but if a slight quantity of aldehyde be present in the 
aqueous solution, only oxamide results. Oxalic acid is produced in the presence 
of mineral acids, C 2 N 2 + 4 H 2 O = C 2 O 4 H 2 + 2 NH 3 . When heated with 
concentrated hydriodic acid it is converted into gly cocoll (p. 440). Cyanogen 
unites with acetylacetone (p. 403), with sodium acetoacetic ester (p. 473), and 
with sodium malonic ester (p. .543). 

Paracyanogen. — On heating mercuric cyanide there remains a dark sub- 
stance, paracyanogen, a polymeric modification, ((-' 2 N 2 )u- Strong ignition 
converts it again into cyanogen. It yields potassium cyanate with potassium 
hydroxide. 

Thioamides of Oxalic Acid. — Rubeanic acid, CSNH 2 'CSNH 2 , 

and flaveanic acid, cyayiothioformamide, CS-NHg-CN, m.p. 87-89° (decomp.), 
are formed when H 2 S and cyanogen interact. They can be separated by means 
of chloroform, in which rubeanic acid is soluble with difficulty, and which 
deposits the flaveanic acid in the form of yellow, transparent, flat needles 
(Ann. 254 , 262). Rubeanic acid forms yellowish-rod crystals. Primary bases 
cause the replacement of the amido-groups by alkyl amido-groups (Ann. 262 , 
354). Aldehydes unite with rubeanic acid, with elimination of water (Ber. 24 , 
1017). 

Chrysean, C 4 H 5 N 3 S,,, is prepared from KCN and H 2 S, or thioformamide, 

CH— Sx 

HCSNH 2 , and probably possesses the formula jj ^C-CSNHg (Ber. 36 , 

H 2 NC 

3546). 

Thio-oxalic acid, HSCO-COSH (C. 1903, I. 816). 

Diamido- oxalic ethers result from the action of ammonia on dichloroxalic 
esters, but have not yet been obtained in a pure condition. Aniline and dichloro- 
oxalic ether in cold ethereal solution, yield dianilido -oxalic ether, CO 2 C 2 H 5 C- 
(NHCgHglgOCgHs, a thick liquid, soluble in ether. At 0° hydrochloric acid 
precipitates from this ethereal solution the hydrochloride, C 02 C 2 H 5 C(NHCeH 5 - 
HC 1 ) 20 C 2 H 5 . Mixed diamido -ethers can be obtained by allowing anhydrous 
ammonia gas to act on a cooled, ethereal solution of monophenylimido -oxalic 
acid dimethyl ether. In this way a mino-anilldo- oxalic methyl ester, C 02 CH 3 *- 
C(NH 2 )(NHCgH 6 )OCH 3 , is obtained, m.p, 215°. 

Imido-oxalic ethers : Mono-imido-oxalic ether, C02C2H5-C(:NH)0C2H5, 
b.p. 73°/18 mm., results from the action of a calculated amount of N /lO-hy dr o- 
chloric acid on di-imido -oxalic acid (Ann. 288, 289). Phenylimido -oxalic methyl 
ether, C 02 CH 3 -C( -N-CeHslOCHa. 

Di-imido-oxalic ether, C2H60-(NH)C— C(NH)-OC 2 H 6 , m.p. 25°, b.p. 170°. 
Its hydrochloride is obtained on conducting HCl into an alcoholic solution of 
cyanogen (Ber. 11 , 1418) (c/. p. 540). 

Oxalamidine, NH 2 (NH)C-— C(NH)NH 2 , results from the action of alcoholic 
ammonia on the hydrochloride of oximido-ether (Ber. 16 , 1655). 

HN : C-NHNHa 

Carbohydrazidine, oxalodi-imide dihydrazide, | , fc^rms white, 

NH : C-NHNHa 

flat needles, which assume a reddish-brown colour on heating and do not melt 
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at 250®. It results from the union of cyanogen with hydrazine. Dibenzal 
carbohydrazidine, m.p. 218° (J. pr. Chem. [2] 50, 253). 

O xalod iky droxamic acid, [C(:NOH)OH] 2 , m.p. 165°, results from oxalic ester 
and hydroxylamine (Ber. 27 , 709, 1105). 

Oxalodiamidoxime, [C(:NOH)NH 2 ] 2 » m.p. 196°, with decomposition. It is 
formed wlien NH 2 OH acts (1) on cyanogen (Bor. 22 , 1931), (2) on cyananiline 
(Ber. 24 , 801), (3) on hydroruboanic acid (Ber. 22 , 2306) ; dibenzoyl derivative, 
m.p. 222° (Ber. 27 , R. 736). 

ChJoroximido -acetic ester, ethoxalo -oxime chloride, C02C2H5‘C(:N0H)C1, 
m.p. 80°, is obtained from chloroaoetoacetic ester by means of fuming nitric acid ; 
and when concentrated hydrochloric acid acts on nitrolacetic ester (Ber. 28, 
1217 : 39, 784). Similarly, chloroaoetoacetic ester and diazobenzone chloride 
yield chlorophenylhydrazido -acetic ester, oxalic ester phenylhijdrazido -chloride, 
C02R-C( : NNHCeH6)Cl (C. 1902, II. 187). 

Nitrolacetic ester, ethoxalo nitrolic acid, C02C2H6*C(:N0H)-N02, m.p. 69°, 
is prepared from i^onitroso-acetoacetic ester and nitric acid of sp. gr, 1-2 (Ber. 
28 , 1217). 

N=:NC H 

Fonnazylcarboxylic acid, C02H*C<^ NHC H * ^’P‘ 1^2°, when rapidly 

heated, is produced when its ester is saponified. The ester results from the 
action of diazobenzene chloride (1) on the hydrazone of mesoxalic ester, (2) on 
sodium malonic ester, and (3) on acetoacetic ester. Just as oxalic acid breaks 
down into formic acid and CO 2 , formazyl carboxylic acid decomposes into 
formazyl hydride (p. 289) and COg (Ber. 25, 3175, 3201). 

The ureides of oxalic acid, parabanic acid, and oxaluric acid will be con- 
sidered together with the derivatives of uric acid (q.v.). 

The Malonic Acid Group 

Malonic acid [propane diacid], CH 2 (COoH) 2 , occurs as its calcium 
salt in sugar-beets. 

Formation. — (1) The acid was discovered in 1858 by Dessaignes, 
on oxidizing malic acid, C 02 H*CH( 0 H)-CH 2 C 02 H, with potassium 
bichromate (hence the name, from malum, apple), and quercitol with 
potassium permanganate (Ber. 29 , 1764). It is also produced (2) in 
the oxidation of hydracrylic acid, and (3) of propylene and allylene 
by means of KMn 04 . (4) Kolbe and Hugo Muller obtained it almost 
simultaneously (1864) b}" the conversion of chloroacetic acid into 
cyanoacetic acid, the nitrile acid of malonic acid, and then saponifying 
the latter with potassium hydroxide. (5) By the decomposition of 
barbituric acid or malonylurea (q.v.). (6) Malonic ester and CO are 

formed in the distillation of oxaloacetic ester (q.v.) under the ordinary 
pressure (Ber. 27 , 795). 

Preparation. — One hundred grams of chloroacetio acid, dissolved in 200 grams 
of water, are neutralized with sodium carbonate (110 grams), and to this 75 
grams of pure, powdered potassium cyanide are added, and the whole carefully 
heated, after solution, upon a water-bath. The cyanide produced is hydrolysed 
either by concentrated hydrochloric acid or potassium hydroxide (Ber. 13 , 1358 : 
Ann. 204 , 225: C. 1897, I. 282). To obtain the malonic ester directly, the 
cyanide solution is evaporated, the residue covered with absolute alcohol, and 
HCl gas led into it (Ann. 218 , 131), or it is treated with sulphuric acid and 
alcohol (C. 1897, I. 282). 

Properties. — Malonic acid crystallizes in triclinic plates, m.p. 132°* 
It is easily soluble in water and alcohol. Above its melting point 
it decomposes into acetic acid and carbon dioxide. Halogens form 
substitution products, and by the breakdown of these, substituted 
acetic acids. 
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SoXts,— Barium salt y (C 8 H 204 )Ba + 2 H 2 O : calcium salty Q ^ 2 ^ + 2 H 2 O, 
dissolves with difficulty in cold water : silver salty C3H204Ag2, is a white, crys- 
talline compound. 

Esters. — Malonic mono-ethyl ester y b.p. 147°/21 mm., is decomposed at higher 
temperatures into CO 2, acetic ester, acetic acid, and diethyl malonate ; potassium 
salt is prepared from the neutral ester and one molecule of alcoholic potassium 
hydroxide. Electrolysis of this produces succinic ester (pp. 534, 548) (c/. C. 
1900, II. 171 ; 1905, II. 30. where also are found ester-acids of alkylmalonic 
acids). 

The neutral malonic esters are made by treating potassium cyan- 
acetate or malonic acid with alcohols and hydrochloric acid. These 
compounds are of the first importance in the synthesis of the car- 
boxylic acids, because of the replaceabihty of the hydrogen atoms 
of the CH 2 -group by sodium. 

History, — This property was first observed in 1874 by van H Hoff, Sr. (Ber. 7, 
1383), and the possibility of obtaining the malonic acid homologues, by means 
of it, was indicated. The comprehensive, exhaustive experiments begun in 
1879 by Conrad first demonstrated that malonic esters were almost as valuable 
as the acetoacetic esters in carrying out certain synthetic reactions (p. 470) 
(Ann. 204, 121). 

Methyl ester y CH2(C02CH3)2, b.p. 181° ; ethyl ester y b.p. 198°, Djg = 1*068. 
By the action of sodium ethoxide the compounds, CHNa(C02C2H5)2 (p. 545) 
and CNa2(C02C2H5)2 (?), result (Ber. 17, 2783 : 24, 2889 : 32, 1876 : 36, 268). 
Aluminium malonic eatery Al[CH(C02C2H5)]s, m.p. 95°, is formed by the action of 
aluminium amalgam on malonic ester (C. 1900, I. 12). 

Reactions of Malonic Ester and its Metallic Derivatives. Iodine converts the 
sodium malonic esters into ethane- and ethylene-tetracarboxylic esters {q.v.). 
Sodium malonic ester, when electrolysed, yields ethanetetracarboxylic ester 
(Ber. 28, R. 450). Alkyl halides convert the sodium malonic esters into esters 
of malonic acid homologues (Ber. 28, 2616). Those compounds are of import- 
ance in the synthesis of fatty acids (see p. 299). 

When sodium acts on malonic ester at 70-90°, alcohol is given off, and there 
is formed the di-sodium compoimd of acetone tricarboxylic ester. This sub- 
stance, acted on by sodium malonic ester at 145°, loses two further molecules 
of alcohol, whereby tri -sodium phloroglucinoltricarboxyylio ester is formed 
(Vol. II) (Ber. 32, 1272) : 

C02C2H8CHNa*CNa(C02C2H5)2 + CHNa(C02C2H5)2 

= Ce03Na3(C02C2H,)3 + 2C2H3OH. 

Malonic ester condenses with aldehydes under the influence of acetic anhy- 
dride, hydrochloric acid, sodium ethoxide, or small quantities of ammonia, 
diethylamine or piperidine. In the last case an intermediate product is formed 
— alkylidene bis-piperidine, which is converted by malonic ester into alkylidenebis- 
malonic ester (Ber. 31, 2585). 

Free malonic acid also condenses with aldehydes and with some ketones, 
when heated with acetic acid, acetic anhydride, or pyridine ; water and CO 2 are 
split off and unsaturated carboxylic acids are formed (pp. 232, 338). 

ajS-Olefinic aldehydes, aj3-olefinic ketones, and ajS-olefinecarboxylic esters 
unite with sodium malonic ester, a synthesis in which the NaC(C02R)2 residue 
joins with the j3-carbon atom, and the H-atom with the a-carbon atom. The 
aldehyde groups of the olefine aldehydes under these conditions unite also with 
two molecules of malonic ester (c/. Ann. 360, 323). 

Cyanogen combines with malonic ester in presence of a little sodium ethoxide 
to form cyanimino-isosuccinic ester, NC*C(NH)CH(C02C2H5)2, and di-imino- 
oxalyl dimalonic ester, (C2H50C0)2CHC(NH)*C(NH)CH(C02C2H6)2. 

Diazobenzene chloride and malonic ester yield mesoxalic ester phenylhydra- 
zone (q.v.). 

Malonic anhydridcy CHa<^Q>0, is not known (see Carbon suboxide, below). 

Carbon suboxide, C3O2, m.p. - 108°, b.p. + 7°, Do = 1*1137, is formed by 
heating malonic ester or better malonic acid with phosphorus pentoxide (Diels, 
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Ber. 41, 82). It is also obtained by the action of the silent electric discharge on 
ccirbon monoxide (Nowak, 1910). It may be looked on as being a double malonio 
anhydride. In behaviour it resembles most nearly the ketens (pp. 269, 270), and 
is therefore to be looked on as carbon dicarbonyl or dioxoallene : CO— C=CO 
(Z. angew. Chem. 39, 661 : Ann. 439, 76). Carbon suboxide polymerizes at 
ordinary temperatures to a dark-red solid mass. Water regenerates malonic 
acid ; ammonia and aniline produce malonamide and malonanilide. Hydro- 
chloric acid forms malonyl chloride ; bromine produces dibromoinalonyl bromide 
which re-forms carbon suboxide by the action of zinc in ether (Ber. 41, 906) : 

— 2H,0 4Br 

CHj(COOH)j ^ '*■ CO=C = CO CO=C = CO ^ ^ BrCOCBrjCOBr. 

+ 2H,0 2Zn 

Chlorides of Malonic Acid. — Malonyl chloride monoethyl e»tcr, C02C2H5*- 
CHjCOCl, b.p. 69°/13 mm., is prepared from ethyl potassium malonate and 
PCI5 ; or malonic ester and SOCl, (Ber. 25, 1504: C. 1905, II. 30: also for 
homologous chloride esters). 

Malonyl chloride^ CH2(C0C1)2, b.p. 58°/27 mm., is formed by the action of 
SOClj on malonic acid, together with the monochloride, HOCOCH2COCI, m.p. 65° 
(decomp.) (Ber. 41, 2208). 

Amides. — Malonarnic esteVf C02C2H5-CH2C0NH2, m.p. 50°, is formed when 
malonic ester imido -ether hydrochloride (see below) is heated ; also from malonyl 
chloride mono-ester and ammonia (Bor. 28, 479 : C. 1905, II. 30). 

Malonamide, CH2(CONH2)2» m.p. 1 70°. Malonic hydrazide, CH2(CONH‘NH2)2» 
m.p. 154°, reacts with aldehydes and ketones with loss of water (Ber. 39, 3372 : 
41, 641). 

Nitriles of Malonic Acid. — Cyanoacetic acid, nitrilonialonic acid, malonic 
acid seminitrile, CN-CHg-CO^H (p. 533), m.p. 70° (Ber. 27, R. 262), dissolves very 
readily m water, and at about 165° breaks down into CO* and acetonitrile (p. 
324). Cyaywacetic ethyl ester, CN-CH2-C02C2H5, b.p. 207° (for preparation, see 
C. 1905, I, 150), forms sodium derivatives like malonic ester (C. 1900, II. 38), 
by means of which the hydrogen of the CHj-groups can bo replaced by alkyls 
(Ber. 20, R. 477) and acid radicals (Ber. 21, R. 353). Cyanacctumide, CN-CH2-- 
CONH2, is prepared from the ester and anmionia, m.p. 118°. Cyanacetyl hydra- 
zide, CNCH2CO-NHNH2, m.p. 114° (J. pr. Chem. [2] 51, 186). 

Cyanoacetic ester unites with alcohol and hydrochloric acid to form malonic 
ester imido-ether hydrochloride, C2H50CO*CH2C(:NH,HCI)OC2H5, which, on 
digestion with alcohol, yields malonic semi -ortho -ester (c/. Ortho-esters, p. 330). 
The latter loses alcohol and passes into diethoxy acrylic ester, (C2H50)2C = 
CH-COgCgHg, b.p. 128°/12 mm. This substance, when shaken with water, is 
converted into malonic ester , bromine produces an oily dibromide, and with an 
increased quantity, dibromomalonic e.ster (Ber. 40, 3358). 

Malononitrile, methylene cyanide, CH2(CN)2, m.p. 30°, b.p. 218°, is obtained 
by dioliliing cyanacetamide with p2^6 (^* 1^97, 1. 32). It is soluble in water. 
Ammoniacal silver nitrate precipitates CAg2(CN2) from the aqueous solution 
(Ber. 19, R. 485). Hydrazine and malononitrile yield diarnidopyrazole, CgNgHg- 
(NH2)2 (Ber. 27, 690) (see also Cyanoform). Malonic acid semi-arnidoximv , 
NH2(H0N) : C CH2CO2H, m.p. 144° (Ber. 27, R. 261 : Ann. 321, 357). iNitri- 
lomalonimidoxime, cyanethenylamidoxime, CN-CH2C( : N0H)NH2, m.p. 124-127°. 
Malondihydroxamic acid, CH2[C( : N0H)0H]2, m.p. 154° (Ber. 27, 803). 
Malondiamidoxime, CH2-[C( : N-0H)NH2J2, m.p. 163-167° (Ber. 29, 1168). 

The ureides of malonic acid and cyanoacetic acid will bo treated later in 
connection with uric acid (q.v.). 

Halogen -substituted malonic acids are formed by the action of chlorine 
or sulphuryl chloride, bromine or iodine and iodic acid on malonic acid or its 
esters. Such malonic and alkylrnalonic acids (see below) easily part with COg 
and form a-halogen fatty acids, some of which are conveniently prepared in this 
way (Ber. 35, 1374, 1813: 39, 351). 

Chloromalonic acid, CHCl(COOH)2; ethyl ester, b.j). 222°. 

Bromomalonic acid, CHBr(COOH)2, m.p. 113° (decomp.), methyl ester, 
b.p. 215-225°. 

Dichloromalonic acid, CCl2(COOH)2 ; ethyl ester, b.p. 231-234°; amide, 
m.p. 203°. Dibromomalonic acid, CBr2(COOH)2, m.p. 137° (Ann. 416, 233) ; 
dimethyl ester, m.p. 64° ; nitrile, m.p. 65° (C. 1897, I. 32) ; bromide, b.p. 92°/13 
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mm. (see p. 543, Carbon suboxide). Dihromomalonamide^ m.p. 200°. Di- 
iodomalonic acid, Cl 2 (GOOH) 2 , is prepared from malonic acid, iodine, and 
iodic acid in formic acid. It is extremely unstable ; methyl cstery m.p. 80”, can 
be obtained from dibromomalonic ester and KI. 

The mono- and di -halogen malonic acids serve as a connecting link between 
malonic acid and tartronic and mosoxalic acids. Monobromo’ and mono-iodocyano’ 
acetic caters^ CN-CHXCOgR, are obtained from sodium cyanoacetic ester with 
bromine or iodine in the cold. At higher temperatures dicyanosuccinic ester 
and tricyano -trimethylene tricarboxylic esters are formed (C. 1900, IT. 38, 
1202 ). 

Nitromalonic Acid, NOa-CHCCOOH)^. The ethyl eater, b.p. 127°/10 mm., 
and amide, are obtained by the action of nitric acid on malonic ester or rnalon- 
amide (C. 1901, I. 1196: 1902, I. 1198: 1904, II. 1109). Dirncthylamidc, 

N02‘CH(C0*NHMe)2, m.p. 156” (Ber. 28, R. 912). Nitromcthy I malonic eater, 
N 02 *CMe(C 00 Et) 2 , is obtained by the action of methyl iodide on the ammonium 
salt of nitromalonic ester. The higher alkylmalonic esters are obtained by the 
nitration of the alkylmalonic esters. These compounds are decomposed into 
nitro-fatty acid esters by the action of sodium ethoxide (C. 1904, II. 1600). 
Fulminuric acid, CN*CH(N02)*C0NH2 (p. 296), can be regarded as a derivative 
of nitromalonic acid. 

Aminomalonic acid, NH 2 *CH(COOH) 2 , shining prisms, m.p. 109° (decomp. ), 
is formed by the reduction of isonitrosomalonic acid (p. 618), by the action of 
ammonia on chloromalonic acid (Ber. 35 , 2550) and by the alkaline hydrolysis 
of uramil (p. 632, Ann. 333 , 77). The aqueous solution decomposes into glycine 
and carbon dioxide when warmed. The esters are obtained from the acid or 
by reduction of the i. 9 onitrosomalonic esters. Methyl eater hydrochloride, m.p. 
159° (decomp.). Ethyl eater hydrocldoride, m.p. 162° (decomp.). The amide, 
NH 2 *CH(CONH 2 )a, m.p. 192° (decomp.), is obtained from the esters and ammonia 
(Ber. 39 , 514) or, together with iminodimalonamide, NH[CH(CONH 2 ) 2 ] 2 > by I'bo 
action of alcoholic ammonia on chloromalonic ester at 130° (Ber. 15 , 607). 
Aminomalononitrile, NH 2 -CH(CN) 2 , m.p. 184°, is a polymer of hydrocyanic acid, 
(p. 284 : Ber. 35 , 1083). 

AnUinornalonic acid, C Jl 5 NH-CH(COOH) 2 , m.p. 121° (C. 1897, II. 508 : 
(1898, I. 829) (for the condensation of the esters to indoxylic esters, see Indigo, 
Vol. III). 0.^.1 

Phthalirnidomalonic eater, C 6 H 4 (CO) 2 N*CH*(COOEt) 2 , m.p. 74 , is obtained 
from potassium phthalimide and bromomalonic ester (C. 1903, II. 33).^ 

M onothio-hia-inalonic eater, S[CH(C 02 R) 2 l 2 » dithio-hia -malonic eater, bofCH- 
(C 02 R) 2 ] 2 , and tri-thio -his -malonic eater, S 3 [CH(C 02 R). 2 l 2 , are formed from malonic 
ester and S 2 CI 2 (Ber. 36 , 3721). 

Alkylmalonic Acids. — The general methods suitable for the 
preparation of alkylmalonic acids are (1) reaction 5a (p. 533), con- 
version of a-halogen fatty acids into a-cyano-fatty acids the half 
nitriles of the malonic acid homologues ; and (2) reaction 6 (p. 534), 
the replacement of the hydrogen atoms of the CHg group in the 
malonic esters by alkyls. First, with the aid of sodium ethoxide, or 
sodium in ether (J.pr. Chem. [2] 72 , 537), monosodium malomc esters 
are made, which alkyl iodides convert into mono-alkylmalomc esters. 
These are further able to yield monosodium alkylmalonic esters, 
which alkyl halides change to dialkylmalonic esters— e.g. : 
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Alkylmaloiiic esters are also formed when alkyl oxaloacetic esters 
lose CO (Ber. 31, 551). 

Some of these dialkylmalonic acids are formed when complex 
carbon derivatives are oxidized — e.g. dimethylmalonic acid results 
from the oxidation of ww^ym.-dimethylsuccinic acid, mesitonic acid, 
camphor, etc. The production of dimethylmalonic acid in this manner 
proves the presence, in these bodies, of the grouping — 


CH 

CH 



All mono- and dialkyl-malonic acids, when exposed to heat, lose CO 2 
and pass into mono- (Ber. 27, 1177) and dialkyl -acetic acids (p. 299). 


See Z. physik. Chem. 8, 452, for the affinities of the alkylmalonic acids. 
Consult Ber. 29, 18(34; J. pr. Chem. [2J 72, 537, upon the v^elocity of hydrolysis 
of the alkylmalonic esters. 


t\9oSuccinic acid, methylmalonic acid, cthylidene succinic acid 
[methyl-propane di-acid], CH3CH(C02H)2, m.p. 130' (decomp.), is 
isomeric with ordinary succinic acid (p. 547), and is obtained (1) 
from a-chloro- and a-bromo-propionic acids through the cyanide 
(Ber. 13, 209), and (2) from sodium malonic ester and methyl iodide 
(Ann. 347, 93). 

When ethylidene bromide, CHg-CHBrg, is heated with potassium 
cyanide and alkalis, the expected methylmalonic acid is not formed, 
but by molecular rearrangement, ordinary succinic acid results. 


The acid is more soluble than ordinary succinic acid in water. If heated 
above ISC, it breaks up into carbon dioxide and propionic acid (p. 303) ; ethyl 
ester, b.p. 196® ; methyl ester, b.p. ITO"" ; dietmide, m.p. 216®. 

For the rules of formation of the diamides of homologous alkyl and di-alkyl - 
malonic acids, see Ber. 39, 1596 : C. 1905, II. 725 : 1906, I. 1235, etc. 

OL’Cyanopropionic ester, CH3CH(CN)C02C2H6, b.p. 197-198°. 

Bromoi^osucciriic acid, CH3CBr(C02H)2, m.p. 118-119° (Bor. 23, R. 114); 
methyl ester, b.p. 115-ll8°/25 mm. (Ber. 26, 2356). 

Amin/nmethylmalonic acid, NH 2 ’CMe(COOH) 2 , is obtained from pyruvic acid 
by the action of hydrogen cyanide and alcoholic ammonia (Ber. 20, R. 507). 

Ethylmalonic acid, C2H5-CH(C02H)2, m.p. 111-5°. Kthyl ester, b.p. 200° ; 
amide, m p. 216°; ethyJhromomalonic ester, b.p. 125° (Ber. 26, 2357). 

Dimetiiylmalonic acid, (€ 113 ) 20 (CO gH) 2 , m.p. 185° (decomp.) (Ann. 247, 
105) ; ethyl ester, b.p. 195° ; amide, m.p. 261° ; nitrile, m.p. 32°, b.p. 64°/22 mm. ; 
dichloride, m.p. 165°. The latter, with aqueous pyridine, yields a polymeric 
anhydride, [(CH3)2C(C0)20]i (Ann. 359, 169), which can also bo formed by heating 
the monochloride, lAOCOC{CldL^) 2 COC\, m.p. 65° (decomp.), and also by prolonged 
heating yields dimethylketen (p. 271) (Ber. 41, 2212). 

In the case of the subjoined alkylmalonic acids, the boiling points of the 
ethyl esters (enclosed in parentheses) are given, together with the melting points 
of the acids. 

Propylmalonic acid, CH3CH2CHCH(C02H)2, m.p. 96° (219-222°). 

moFropylmalonic acid, (CHa)2CH'CH(C02H)2» m.p. 87° (213-214°). 

Methylethylmalonic acid, CH3(C2H6)C(C02H)2, m.p. 118° (207-208°). 

u-Butylmalonic acid, CH3(CH2)3'CH(C02H)2, m.p. 101-5°. iso Butylmalonic 
acid, m.p. 107° (225°). sen.-Butylmalonic acid, CH3(C2H5)CH-CH(C02H)2» m.p. 
76° (234°). M ethylpropylmalonic acid, CHa(CH8-CH2CH2)C(C02H)2, m.p. 107° 
(220-223°). Methylisopropylmalonic acid, m.p. 124° (221°). 

Diethylmalonic acid, m.p. 121° (Ann. 292, 134) ; dimethyl ester, b.p. 205° ; 
chloride, b.p. 197°, yields a polymeric anhydride, [(CgH 6)20(00 IgOJig* when treated 
with pyridine and soda solution. Boiling in benzene partially de-polymerizes 
it, whilst when heated alone it is decomposed into diethyl keten (p. 271) and COg 
(Ann. 359, 159 : Ber. 41, 2216) ; amide, m.p. 224° (Ber. 35, 854 : Ann. 359, 
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174 : C. 1906, I. 1237). Nitrile, m.p. 44°, b.p. 92°/24 mm. Veronal is a ureide 
of this acid (see Barbituric acid). 

Ti-Arnylmalonic acid, CH3[CH2]4CH(C02H)2, m.p. 82°. Dipropylmalonic acid, 
(CHaCH2CH2)2C(C02H)2, m.p. 158°. Getylmalonic acid, CH3[CH2]i6CH(C02H)2, 
m.p. 122° (Ann. 204 , 130 : 206 , 357 : Ber. 24 , 2781). 

For alkyl and di-alkyl cyanoacctic eaters and amides, see also Ann. 340 , 310. 


The Succinic Acid Group 

Succinic acid and its alkyl derivatives, as mentioned in the intro- 
duction, are characterized by the fact that when heated they break 
down into anhydrides and water. The anhydride formation takes 
place more readily in the alkylsuccinic acids, the more hydrogen 
atoms of the ethylene residue of the succinic acid are replaced by 
alkyl radicals. 

The alkylsuccinic acids form anhydrides more readily with acetyl 
chloride, and are more volatile in aqueous vapour than their isomeric 
alkylglutaric acids (Ann. 285 , 212). The ^yw.-dialkylsuccinic acids 
show remarkable isomeric phenomena, which will be more fully 
discussed under the symmetrical dimethylsuccinic acids (p. 547). 

The following serve to characterize a succinic acid : (1) the anhy- 
dride ; (2) the anilic acid, which is formed in the chloroform, ethereal, 
or benzene solution of the anhydride by the action of aniline ; (3) the 
anil, produced by heating the anilic acid, or by the action of phos- 
phorus pentachloride or acetyl chloride on it (Ann. 261 , 145 : 285 , 
226 : 309 , 316). 

The anhydrides of the succinic acids unite with alcohols to form 
acid esters, which are also formed by partial esterification of the 
acids, and by partial hydrolysis of the neutral esters. In the case of 
the unsymmetrically substituted succinic acids, the first two methods 
usually yield identical products, the third method the isomeric ester 
(C. 1904, I. 1484 : Ann. 354, 117). 

Succinic acid, COaH-CHgCHg-COgH, is isomeric with methyl- 
malonic acid, or i<5osuccinic acid (p. 546). It occurs in amber, in some 
varieties of lignite, in resins, in turpentine oils, and in animal fluids. 
It is formed in the oxidation of fats with nitric acid, in the fermenta- 
tion of calcium malate or ammonium tartrate (Ann. 14, 214), and in 
the alcoholic fermentation of sugar (p. 141). 

According to the general methods of formation (p. 533) succinic 
acid is produced (1) by the oxidation of y-butyrolactone and of succinic 
dialdehyde. 

(2) By the reduction of fumaric and maleic acids with nascent 
hydrogen. 

(3) By reducing (a) malic acid (hydroxysuccinic acid) and tartaric 

acid (dihydroxysuccinic acid) with hydriodic acid, or by the fermen- 
tation of these bodies ; (6) the action of sodium amalgam on 

halogen succinic acids. 

(4) It is obtained in small quantities by the action of finely divided 
silver on bromoacetic acid. 

(6a) By converting j3-iodopropionic acid (p. 335) into the cyanide 
and decomposing the latter with alkalis or acids. (56) M Shnpson, 
in 1861, was the first to prepare it synthetically from ethylene, by 
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converting the latter into the cyanide. Succinic acid is formed by 
boiling its dinitrile with potassium hydroxide or mineral acids : 

CHjOH CHa CH,Br CH,CN CH^COgH 

I II I ^ I 

CHs CHa CHjBr CH^CN CHaCO^H. 

Ethylidene chloride and potassium cyanide also yield ethylene cyanide (p. /5/>4). 

(6) By the electrolysis of potassium ethyl malonate (p. 543) ethyl 
succinate is produced. 

(7) By the decomposition of acetosuccinic esters, (8) of ethane 
tricarboxylic acid, (9) of 5t/m.-ethane tetracarboxylic acid. 

Properties. — Succinic acid crystallizes in monoclinic prisms or 
plates, and has a faintly acid, disagreeable taste. It melts at 185® 
and boils at 235® with decomposition into the anhydride and water. 
At the ordinary temperature it dissolves in 20 parts of water. 

Uranium salts decompose aqueous succinic acid in sunlight into 
propionic acid and COj. The electric current decomposes the potas- 
sium salt into ethylene, carbon dioxide, and potassium (p. 103). 

Paraconic acids (y-lactone carboxylic acids) are formed when 
sodium succinate is heated with aldehydes and acetic anhydride 
(Fittig, Ann. 255 , 1). When succinic acid, zinc chloride, sodium 
acetate, and acetic anhydride are heated to 200®, small quantities 
of 2 : 5-dimethyl-3-acetylfuran (Ber. 27 , R. 405) are produced. When 
calcium succinate is distilled, 1 : 4-cyciohexanedione (Vol. II) is pro- 
duced in small quantities (Ber. 28 , 738). 

Succinates : calcium salt. C4H404Ca + 3H2O, separates from a cold solu- 
tion, but when it is deposited from a hot liquid it contains only IHgO. When 
ammonium succinate is added to a solution containing a ferric salt, all the iron 
is precipitated as reddish-brown basic ferric succinate (separation of iron from 
aluminium). 

Esters. — Potassium ethyl succinate when electrolysed yields adipic ester (p. 
r>01). Monomethyl succinate^ m,p. 58®, is prepared from the anhydride and 
alcohol (C. 1904, 1. 1484). Dimethyl succinate y C02CH8-CH2 CH2C02CH3,m.p. 19°, 
b.p. 80°/10 mm. Diethyl sucemate, b.p. 216°. Sodium converts it into succinyl 
ROCO'CH — CO— CHa 

succinic ester, | | (Vol. II). Ethylene succinate (Ann. 

CHa— CO— CHCOOR 

280, 177). 

Succinyl chloride, see p. 551. Succinamide and succinunide, see p. 552. 

Mono-alkyl Succinic Acids 

Pyrotartaric acid, methylsuccinic acid, COOH*CH(CH3)*CH2’COOH, rn.p. 

1 12°, was first obtained (1 ) by the dry distillation of tartaric acid. It is produced 
(2) from pyroracernic acid or its condensation product, keto-valerolactone 
carboxylic acid, when heated with hydrochloric acid (Ann. 317, 22) : 

CH3C(COOH) Ox _ CO. CH3CH COOH 

2CH3COCOOH I >CO ^ I 

CH2 CO/ +H,0 CH2COOH. 

The remaining methods of formation correspond with those for the production 
of succinic acid ; (3) by the reduction of ita-, citra-, and mesa-conic acids (p. 57 1 ) ; 
(4) from )3-bromobutyric acid and propylene bromide by means of potassium 
cyanide ; (5) from a- and /3-methyl acetosuccinic esters ; and (6) from a- and 
/3-methyl ethane tricarboxylic acids. 

The acid dissolves reawlily in water, alcohol, and ether. When quickly heated 
above 200° it decomposes into water and the anhydride. If, however, it be 
exposed for some time to a temperature of 200-210°, it splits into COj and butyric 
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acid. It undergoes the same decomposition when in aqueous solution, if acted 
on by sunlight in presence of uranium salts (Ber. 24, R. 310). 

Resolution into its optically active components is effected by strychnine 
(Ber. 29, 1254). Dextro-rotatory pyrotartaric acid is also formed when menthone 
is oxidized. 

Potassium salt, €511804X2 ; calcium, salt, C5HgP4Ca -f 2H2O, dissolves with 
difficulty in water. 

Methyl ester, b.p. 153°/20 mm. ; ethyl ester, b.p. 160^/23 mm. ; dimethrjl ester, 
b.p. 197" ; diethyl ester, b.p. 218" (Bor. 26, 337 : C. 1900, 1. 169 : 1904, I. 1484). 

Ethylsuccinic acid, m.p. 98°. 

n-Propylsuccinic acid (Ann. 292, 137). 

(CH3)2CHCHC02H 

^.soPropylsuccinic acid, | , m.p. 115°, was first prepared 

CH2CO2H 

by fusing camphoric, acid and tanacotogen dicarboxylic acid (Ber. 25, 3350) 
with potassium hydroxide. It may be synthetically obtained from acetoacetic 
or malonic esters (Ann. 292, 137 : 298, 150), as well as from the products of 
the action of potassium cyanide on i^ocaprolactone at 280° (C. 1897, I. 408). 

i^oButylsuccinic acid, m.p. 107° (Ann. 304, 270). 

Symmetrical Dialkylsuccinic acids 

Symmetrical dirnethylsuccinic acid exists, like the other symmetrical disub - 
stituted succinic acids— c.jy. dihromosuccinic acid (p. 556), diethyl-, methyl - 
ethyl-, di-icwpropyl-, and diphenyl-succinic acids — in two different forms, having 
the same structural formulae. 

Dihydroxysuccinic acid or tartaric acid occurs in two active and two inactive 
forms (one can be resolved and the other cannot), which are satisfactorily ex- 
plained by van ’t Hoff’s theory of asynmietric carbon atoms (p. 37), The pairs 
of isomeric dialkylsuccinic acids, also containing asymmetric carbon atoms, 
manifest certain analogies with paratartaric acid (racemic acid), and anti- or 
meso-tartaric acid. Hence it is assumed that their isomerism is due to the same 
cause. The higher melting, more difficultly soluble modification is called the 
para-foTTn, whilst the me so- or a?iti-form is more readily soluble, and melts lower 
{Bischoff, Ber. 20, 2990 ; 21, 2106). Bischoff has set forth a theory of dynamical 
isom.eri8m (Ber. 24, 1074, 1085) in which he presents view's in regard to the 
equilibrium positions of the atoms and radicals, joined to the tw^o asymmetric 
carbon atoms, in the symmetrical dialkylsuccinic acids. Dirnethylsuccinic acid 
has been resolved : see below. 

Isomeric pairs of the dialkylsuccinic acids are formed (according to method 2, 
p. 533) by the reduction of dialky Imaleic anhydrides, such as pyrocinchonic 
anhydride (p. 574), by means of HI or sodium amalgam (Ber. 20, 2737 : 23, 644) ; 
from a-monohalogen fatty acids by finely divided silver (method of formation 4) 
(Ber. 22, 60) ; from a-monohalogen fatty acids by the action of potassium cyanide 
(Ber. 21, 3160) ; from aceto -dialkyl -succinic esters by elimination of the acetyl 
group (method 8) ; from ^m.-dialkylethanepolycarboxyhc acids by heating 
them with hydrochloric acid (method 9) (c/. p. 534). 

In all these reactions both dialkylsuccinic acids are formed together, and 
may be separated by crystallization from water. 

.svm.-Dimethylsucclnic acids, COaH CH^CHgl CHlCHslCOaH. 

The pam-acid, m.p. 192-194°, is soluble in 96 parts of water at 14 ’. It 
forms needles and prisms, which lose some water upon melting. If the acid be 
heated for some time to 180-200°, it yields a mixture of the anhydrides of the 
para- and an^i-acids, CgHgOg, m.p. 38° and 87°. With water each reverts to its 
corresponding acid. When acetyl chloride acts on the para-acid, its anhydride, 
m.p. 38°, is the only product. This crystallizes from ether in rhombic plates, and 
unites with water to form the pure para-acid (Ber. 20, 2741 : 21 , 3171 : 22, 389 : 
23, 641 : 29, R. 420). 

If the para-acid be heated to 130° with bromine, it yields pyrocinchonic 
anliydride, CgHeOa (p. 574). Both acids, when digested with bromine and phos- 
phorus, yield the same bromodimethylsuccinic acid, C8HBBr04, m.p. 91°. Zinc 
and hydrochloric acid change it to the anfi-acid (Ber. 22, 66). The ethyl ester of 
the para-acid (from the silver salt), b.p. 219° ; methyl ester, b.p. 199°. 

The meso- or anti-ojoid, m.p. 120-123° (after repeated crystallizations from 
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wat^r) dissolves in 33 parts of water at 14®. It crystallizes in shining prisms. 
It yields its aiihydride, CgHgOj, m.p. 87°, when heated to 200°. This regenerates 
the acid with water. If the anti-a.Q\d be heated with hydrochloric acid to 190°, 
it yields the para-acid. The methyl ester, b.p. 200° ; ethyl ester, b.p. 222°. When 
the a7it7-acid is esterified with HCl, it yields a mixture of the esters of the anti- 
and para-acid (Ber. 22 , 389, 646 : 23 , 639). The ethyl ester is also obtained 
when a-iodopropionic ester is shaken with mercury in sunlight (C. 1902, I. 408). 

o7}/7-.v-Dimethyl8uccinic acid has been resolved ([a]i, ± 6° : m.p. 135°) by 
means of the compound with a cobaltammine (ItVr/nr, Ber. 46 , 3229). 

The nwrwmethyl ester of the para-acid, m.p. 38°, and of the anti-acid, m.p. 49°, 
are obtained bv the action of methyl alcohol on the anhydrides (C. 1904, I. 1484). 

.vy7??.-Methylethylsucclnlc acids, COja.'Cli{CHsyCH{C^K^)CO^Ii. The 
/>(ira-acid, m.p. 179°; anti- or wc^w-acid, m.p. 101° (Ann. 298 , 147). 

^2/771. -Methyh^opropylsuccinic acids. The para -acid, m.p. 174° ; meso- 
acid, m.p. 125° (Ber. 29 , R. 422). 

^T/m.-Diethylsuccinic acids. — The para-acid, m.p. 189-192° ; anti-acid, 
m.p.‘ 129° (Ber. 20 , R. 416; 21 , 2085, 2105: 22 , 67: 23 , 650). 

The para- and meso-forms of the sym.-di-n.-propylsnccinic acid, di-isopropyl- 
snccinic acid, and propyli&opropylsuccinic acid, are prepared by the introduction 
of propyl or Vsopropyl groups into propyl- or i^opropylcyanosuccinic ester fol- 
lowed by hydrolysis and decomposition of the condensation products. Di-?>o- 
propylsuccinic acid also results from bromoiVso valeric ester and silver (Ann. 292 , 
162 : C. 1900, I. 846, 1205). Other t<a/7w. -dialky Isuccinic acids, see C. 1901, 1. 167. 

^-Diphenylsuccinic acid, two forms, m.p. 183° (+ H 2 O), (222° anhyd. ) 
and 229°. Both yield with concentrated sulphuric acid at 130° diphenylsuccin- 
dandione (Ber. 14 , 1802 : 45 , 3071). 

Unsymmetrical Dialkylsuccinic Acids 

0^2/771. -Dimethylsuccinic acid, C02HCH8C(CH3)2C02H, m.p. 140°, is 
synthesized from a-diinethylethanetricarboxylic ester by the action of boiling 
sulphuric acid. The ester is the reaction product of bromowobutyric ester and 
sodium malonic ester (C. 1898, I. 885). It can also be obtained from dimethyl 
cyanoethanedicarboxylic ester, the product of reaction of sodium cyanoacetic acid 
and a-brorao7.sobutjTic ester ; from the acid nitrile, the product of the inter- 
action of potassium cyanide and /3-chloroi«ovaleric acid (C. 1899, I. 182) ; also, 
from its nitrile (p. 554). The imide (p. 553) is obtained by oxidation of mesitylic 
acid. Esterification of a-s-dimethylsuccinic acid proceeds by first attacking the 
carboxyl group attached to the CH 2 -group, producing the oL-rnono- ethyl ester, 
C02H-C(CH3)yCH2C()2C2H6, m.p. 70°. b.p. 150 /14 mm. This substance can 
also be obtained by the action alcohol on dirnethylsuccinic anhydride. Partial 
hydrolysis of the diethyl ester, b.p. 215°, produces the liquid isomer p-neotw- ethyl 
ester (Private communication of Anschutz and Giittes). Monofnethyl esters, 
m.p. 42° and 51° (C. 1904, I. 1485). 

a«-Methylethyl8uccinic acid (Ann. 292, 138, 153). 

a«-Diethylsucciiiic acid, m.p. 86°. 

Trimethylsuccinic acid, C02H CH(CH 3 )—C(CH 3)2 C02H, m.p. 151° (Ann. 
292 , 142), results on hydrolysing the tricarboxylic ester (Ber. 24 , 1923) produced 
in the action of bromowobutyric ester on sodium methylmalonic ester, or sodium 
a-cyanopropionic ester, as well as in the oxidation of camphoric acid (Ber. 26 , 
2337) ; and by fusing camphoronic acid with potassium hydroxide (Vol. II : 
Ann. 302 , 51 ). The formation of trimethylsuccinic anhydride from camphoronic; 
acid by distillation is rather important in the recognition of the constitution of 
camphor (Ber. 26 , 3047). Trimethylsuccinic acid is resolved into its optically 
active components by means of the quinine salts (C. 1901, I. 513). 

Tetramethylsuccinic acid, C02H*C(CH3)2'C(CH,)2C02H, m.p. 190-192°, 
with loss of water, is formed, together with trimethylglutaric acid (p. 558), when 
a-bromo/wbutyric acid (or its ethyl ester) is heated with silver (Ber. 23 , 297 : 
26 , 1458) ; also by electro-synthesis from potassium dirnethylrnalonic ester, and 
from azobutyronitrile (p. 452) (Ann. 292 , 220) ; monomethyl ester, m.p. 63°. 

Tetraethylsuccinic acid, m.p. 149°, with conversion into anhydride, and 
tetrapropylsuccinic acid, m.p. 137°, are obtained by electrolysis of the resjiec- 
tive dialkyl malonic mono-esters (C. 1905, II. 670 : 1906, II. 500). 

These tetraalkyl succinic acids pa«s very readily into their anhydrides. 
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Acid Chlorides of the Succinic Acid Choup 

Of the possible chlorides, the mo^iocMoride^ Cl-CO-CHj-CHg-COgH, is only 
known in the form of its ethyl ester^ b.p. 144°/90 mm., which results from the 
action of POClg (Ber. 25, 2748) on sodium succinic ethyl ester. 

Succinyl chloridcy rn.p. 16°, b.p. 103°/25 mm., results from the action of PCI 5 
on succinic acid. 

Two formula have been suggested for this substance, a symmetrical (1), and 
an unsymmetrical one ( 2 ) : 

CHgCOCl CHg-CClgV 

(1) I (2) I >0 

CHgCOCl CHg • CO/ 

This latter view would make succinyl chloride a dichloro -substitution product 
of hutyrolactonc.y into which it passes on reduction. The behaviour of succinyl 
chloride towards zinc ethide is in harmony with its lactone formula, for it then 
yields y -die thy Unity rolactone (p. 428), and in the presence of benzene and alumi- 
nium chloride it chiefly affords y-diphenylbuty rolactone (Ber. 24 , R. 320). A small 
quantity of dibenzoylethane y CgH 5 CO*CH 2 CH 2 *COCgH 5 , is produced at the same 
time. These reactions, whilst supporting the unsymmetrical formula, do not 
completely exclude the symmetrical representation {cf. Ber. 30 , 2268). 

Similar considerations apply to the constitutional formula of phthalyl chloride 
in the aromatic series (see VoL II). 

Pyrotartryl chloride, C 5 Hg 02 Cl 2 , b.p. 190-195° (Ber. 16 , 2624). 

nnsyin.-Dimcthyl{niccinyl chloride, CgHgOg-Cl^, b.p. 200-202° (Ann. 242 , 138, 
207). 

Anhydrides of the Succinic Acid Group 

The ready formation of anhydride is characteristic of succinic 
acid and its alkyl derivatives. It proceeds the more easily the more 
hydrogen atoms are replaced by alcohol radicals. 

Formation, — (1) By heating the acids alone. (2) By the action 
of P 2 O 5 (Ber. 28, 1289), PCI 5 or POClg (Ann. 242, 150) on the acids. 
(3) By treating the acids with the chloride or anhydride of a mono- 
basic fatty acid, c.g. acetyl chloride or acetic anhydride {Anschutz, 
Ann. 226, 1) : 

CH 2 C() 0 H CHgCOx CHgCOv 

1 + 2 CH 3 COCI - 1 >0 + >04- 2 HC 1 . 

CHg COOH CHgCO/ CH 3 CO/ 

(4) When the chloride of a dicarboxyhc acid acts (a) on the acid, 
or ( 6 ) on anhydrous oxalic acid (Ann. 226, 6 ) : 

CHgCCbx COOH CH2C0\ 

I >0 -f =-1 > 04 - 2HC1 -f CO -f CO 2 . 

CHgCO-/^ COOH CH 2 CO/ 

Succinic anhydride, m.p. 120°, b.p. 261°. 

Mcihylsuccinic anhydride, pyrotartaric anhydride, m.p. 32°, b.p. 247° (Ami. 
336 , 299 : C. 1904, I. 1485). Ethylsuccinic anhydride, b.p. 243 '. isoPropyl- 
succinic anhydride, b.p. 250°. 

Bym. -Dimethylsiiccinic anhydride, para- m.p. 38°, meso- m.p. 87° (Ber. 26 , 
1460 : C. 1899, II. 610). sy in. -Methylcthylsuccinic anhydride, meso- b.p. 244°. 
nym.-Diethylsuccinic anhydride, meso- b.p. 245°. as-Dimethylsueeinic anhydride, 
m.p. 20°, b.p. 219°. 

T rime thy Isuccinie anhydride, m.p. 31°, b.p. 231°/760 mm., 101°/12 mm. 

Tetrainethylsuccinic anhydride, m.p. 147°, b.p. 231°. T etraethylsuccinic 

anhydride, m.p. 86 °, b.p. 270°. Tetrapropylsuccinic anhydride, m.p. 37°. 

Properties and Reactions. — Succinic anhydride has a peculiar, faint, 
penetrating odour. It can be recrystalhzed from chloroform. It 

reverts to succinic acid in moist air, but more rapidly when boiled 
with water. It yields succinic alkyl ester acids with alcohols. Am- 
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monia and amines change it to succinamic and alkyl succinamic acids. 
PCI 5 changes it to succinyl chloride. Sodium amalgam reduces it 
to butyrolactone (Ber. 29, 1193) ; reduction of homologous succinic 
anhydrides by sodium and alcohol produces y-lactones and even 
l: 4 -glycols {cf, pp. 360, 425). If the anhydride is boiled for some 
time it loses CO 2 and changes to the dilactone of acetonediacetic acid, 
C 0 (CH 2 -CH 2 C 02 H )2 (q-v.) ; P 0 S 3 converts succinic anhydride and 

I ' I 

sodium succinate into thiophen, CH=CH — S — CH— CH (q.v.). The 
homologues of succinic anhydride resemble the latter in behaviour. 

(ZA-Dimothylsuccinic anhydride is partially decomposed by AbCl* in chloro- 
form into CO, HgO, and dimethylacrylic acid, (CH,) 2 C : CHCOOH (C. 1902, I. 
567). 

Peroxides. — Suocinyl peroxide^ (C 4 H 4 O 4 ), is obtained from succinyl chloride 
and sodimn peroxide. It is a very explosive crystalline powder (Ber. 29, 1724). 
Succinic peroxide^ 02(C0CH2CH2C00H)2, m.p. 124° with decomposition, is pre- 
pared from succinic anhydride and 7-5 per cent. HjOj solution. It explodes 
when heated, and decomposes in xylene solution into CO 2 , a small quantity of 
adipic acid (p. 561), succinic anhydride, and other bodies. Water hydrolyses 
it into succinic acid and succinic hydrogen peroxide^ HOCOCH 2 CH 2 CO-OOH, 
m.p. 107° with decomposition, which decomposes on careful heating into COj, 
HgO, and acryhc acid (C. 1904, II. 765). 


Nitrogcji-containing Derivatives of the Succinic Acid Group 

Succinic acid, like oxalic acid, yields an imide, a diamide, a nitrile 
acid and dinitrile : 

CH 2 CONH 2 CH 2 CO 2 H CH.CN 

1 I I 

CH2CONH2 CH2CN CHjCN 

Succinaraidc. /?-Cyanopropionlc Ethylene 
acid. cyanide. 

(a) Amic Acids (Ann. 309, 316). — Most of these have been prepared by 
decomposing the imides with alkalis or barium hydroxide. They are also formed 
on adding ammonia, primary aliphatic aminos, and aromatic amines {c.g. aniline 
and phenyl-hydrazine) to acid anhydrides. They behave like oxamic acid 
(p. 538). When heated, or when treated with dehydrating agents, e,g. PCI5 
or CHaCOCl, they become converted into imides, which bear the same relation 
to them that the anhydrides sustain to the dicarboxylic acids. 

Succinamic acid, C 02 H-CH 2 CH 2 -C 0 NH 2 , is obtained from succinimide by the 
EU'tiv^n of barium hydroxide solution. Succinamic methyl ester, m.p. 90°, is 
obtained from succinimide and methyl alcohol at 170° (C. 1899, II. 864). Succin- 
ethylamic acid, COgH-CHjCHa-CONHCjHg (Ann. 251 , 319). Succinanilic acid, 
COjHCHjCHgCONHCeHj (Bor. 20, 3214) ; methyl ester, m.p. 98°, is obtained 
from succinanil (p. 553) and sulphuric acid in methyl alcoholic solution ; P 2 S 5 in 

CH2'COv 

toluene produces thio succinanil, | ^N-C^Hg, m.p. 167°, which is split by 

CHj-CS/ 

alkalis into thiosuccinanilic acid, HOCO-CHaCHaCSNHCeHg, m.p. 107° (Ber. 39, 
3303). 

as-Dimethylsuccinanilic acid, C 02 HC(CH 3 ) 2 CH 2 C 0 NHC 4 H 5 , m.p. 189°. 


CH-COoH 


Succinamic 


CHaCOv 

1 >NH 

CH2CO/ 

Succinimide. 


( 6 ) Imides. — These are produced (1) on heating the acid anhy- 
drides in a current of ammonia ; ( 2 ) when the ammonium salts, 
diamides, and amic-acids are heat^ ; (3) from the dinitriles, by 
partial hydration (C. 1902, I. 711). They show a symmetrical struc- 
ture, as will be explained in connection with succinanil. 


CHjCCK 

Succinimide, 7 NH, m.p. 126°, 

CHjCO/ 


b.p. 288°, crystallizes with 
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water, and has the character of an acid, as the hydrogen of the 
NH-group can be replaced by metals. 

Potassium succinimide, C 2 H 4 (CO) 2 NK ; sodium succinimide (Ber. 
28, 2353) ; silver succinimide (Ann. 215, 200) ; potassium tetrasuccini- 
mide iri-iodo-iodidc, (C 4 H 502 N) 4 l 3 -KI (Ber. 27, R. 478 : 29, R. 298). 

The cyclic imides are readily broken down by alkalis and alkaUne 
earths : 


CH2C0 

I 

CHaCO^ 


>NH 


HjO 

> 


CH2COOH 

I 

CH2CONH2 


On distilling succinimide with zinc dust, pyrrole (p. 369) is formed ; 
when heated with sodium in alcoholic solution it is converted into 
pyrrolidine (p. 386). Electrolytic reduction produces y-butyrolactam 
or pyrrolidone (p. 450). 


1 >NH <- 

CH-CH/ 

Pyrrole. 


CH^COy 
I >NH 

(/HoCO/ 
Succinimide. 


CHo-CO y CHa-CH, 

-> 1 “ >NH I 

CH2CH2/ CHoCH, 

Pyrrolidone. Pyrrolidine. 


>NH 


Hypochlorous acid, and hy^obromous acid acting on succinimide, and iodine 
on silver succinimide producro : sucvinochloridc ^ (!2H4(CO)2NCI, m.p. 148°; 
miccinobromhnide^ C2H4(CO)2NBr, m.p. 174° with decomposition, and succiniodo- 
imidc (Bor. 26, 985). Phosphorus pontachloride converts succinimide into di- 
CCI CO V 

chloromaleinimido chloride, \\ /NH, pentachloropyrrole, C4CI5N, and the 

CChCCiy 

heptachloride, C4CI7N (Ann. 295, 86). Bromine and potassium hydroxide convert 
succinimide into jS-arninopropionic acid (p. 448) : 


Clla-COy CHa-NHa 

>NBr -1 IKOH = • + KBr + K2CO3 + HgO. 

CHj-CO/ CHj-COOK T 2 a 2 

Sodium mothoxido changes succinobromimide by a molecular rearrangement 
into carbo7nethoxy-p -am ifwprop ionic ester, CHgO’CO-NHCHgCHaCOgCHg, m.p. 
33-5° (Ber. 26, R. 935). 

Succinmcihylimidc, C2H4(CO)2N-CH3, m.p. ()6-5°, b.p. 234°, is obtained from 
the oxime of laevulinic acid (p. 477) by a Beckmann transformation under the 
action of concentrated sulphuric acid (Ann. 251, 318). 

Succinethylimide, m.p. 26°, b.p. 234°, is formed when ethyl iodide acts on 
potassium succinimide. It yields ethylpyrrole when it is distilled with zinc dust, 
Succini^opropylimidcy m.p. 61°, b.p. 230°. Sifccini&obutylimide, m.p. 28°, b.p. 
247° (Ber. 28, R. 600). 

Phenyl succirmnide, suecinanil, C2H4(CO)2’N*C4H5, m.p. 150°, is converted 
by PCI 5 into dichloromaleic anil dichloride (I), the lactam of y-anilidoperchloro- 
crotonic acid and tetrachlorophenylpyxrole (II). This last fact, and the reduction 
of dichloromaleic dichloride to y-anilidobutyrolactam or -phenyl butyrolactam 
(III), indicate that the symmetrical formula properly represents buth succinanil 
and succinimide (Ann. 295, 39, 88). 


CCl COy CCl =- CCly CHa COy 

II >NCeH3 I ^NCeHg I )>NCeH,. 

CCl— CCL/ CCl-CClX CH2— CH2/ 

(I) (ID (IID 

CHg-CH CO V 

Pyrotartrimide, | /NH, m.p. 66°. JV-Alkylpyrotartrimides (Ber. 

CHa-CO/ 


30, 3039). ^yin.-Dlnicthylsucidnirnide (Ber. 22, 646). as-Dimethylsuccinimide, 
m.p. 106°, is obtained by heating aa-dimethylsuccinonitrile acid (C. 1899, I. 
873) ; also by oxidation of mesitylic acid (Ann. 242, 208 : Ber. 14, 1075). £is- 
Dirnethylsuccinanil, m.p. 85°. Trimethyl^uccinanil , m.p. 129°. Tetramethyl- 
miccinanil, m.p. 88° (Ann. 285, 234: 292, 176, 184). isoPropylsuccinimide, 
m.p. 60° (Ann. 220, 276). 
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(r) Diamides and Hydrazides. — Succinamide, NH,CO CH,CH,CONHa, is 
produce(i like oxamide. It crystallizes from hot water in needles. At 200® it 
decomposes into ammonia and succinimide. Succitiodihromodiatnidet NHjCO- 
[CHalaCONBrj, is obtained from succinamide and KBrO (see also jS-Lactyl urea, 
p. 500). 

Pyrotartramidi\ m.p. 225® (Ber. 29, R. 509). 

Succinohqdrazidc^ (•CHaCO-NHNHa)^, m.p. 107° (J. pr. Chom. [2] 51, 190 : 
Ber. 39, 3370). 

{d) Cyclic Diamides. — SuccinethyUnediamide, CHaCONH-CHj (Ber. 27, R. 

I I 

CHaCONHCH, 

CHaCONCeHg 

589). Succinopficnylhydrazidct \-phenyl-^ : Q-pyridazoney \ | , m.p. 

CHaCONH 

199®, is obtained from the hydrochloride of phenylhydrazine and succinyl chloride 
(Ber. 26, 074, 2181) ; succinic anhydride and phenylhydrazine yield the isomeric 
S-(iniIim)Stuccinimidey C2H4(CO)2N-NHCeH5, m.p. 155°. 

(c) Nitrilic Acids and Dinitriles. — Dime,thylcyanopropionic ester y CN-CHg*- 
C(CH3 )oC 02C2H5, b.p. 218’, results when dimethyl cyanosuccinic mono-ethyl 
ester is heated (C. 1899, 1. 874). 

Dinitriles are produced from alkylene bromides by treatment with potassium 
cyanide. Absorption of water converts these dinitriles into the ammonium salts 
of the corresponding acids, the synthesis of which they thus facilitate. When 
reduced, they take up eight atoms of hydrogen and become the diamines of the 
glycols — c.g. : 


CHjOH 

1 

1 

CH2Br 

CH3 

CH2 

^ CHjBr 


CH2CO2H 
CHjCN j- ’"cHjCOsH 

CH,CH,-NH, 


Succinonitrile, ethylene cyanidcy CN'CHaCHj'CN, m.p. 54-5°, b.p. 159°/20 
mm., is an amorphous, transparent mass (C. 1901, II. 807), readily soluble in water, 
chloroform and alcohol, but sparingly soluble in ether. It is also obtained by 
the electrolysis of potassium cyanacetate (p. 544). 

It yields succinic acid when saponified, and tetramethylene diamine upon 
reduction. It combines with 4HI (Ber. 25, 2543). Paraformaldehyde, glacial 
ac'etic acid and sulphuric acid convert it int-o methylene succinimide, (C2H4-- 
C202N)2CH2, m.p. above 270° (J. pr. Chem. [2] 50, 3). When heated with water 
anfi sulphuric acid it forms «uccinimide (C. 1902, I. 711). 

Pyrotartaric nitrile, m.p. 12°, is obtained from allyl iodide and two molecules 
of KXC (\nn. 182, 327: Ber. 28, 2952). 

a,o-Dimethylsurcmic tiitrile, CN'CH2C(CH3)2CN, b.p. 219° (Ber. 22, 1740). 
(/) Oximes. — Succinyl hydroxamic acidy CO 2H CH2CH2*C(:N 011)011 (Ber. 
28, R. 999). Succinyl hydroxamic tetracetatey m.p. 130° (Ber. 28, 754). Hy- 

CH2C(:N0H)\ 

droxylamine converts succinonitrile into succhiimidoxime, I 7NH, 

CH2CO / 

CH2C(:N0H)\ 

m.p. 197° (Ber. 24, 3427), and succinimide dioxime, 1 /NH, m.p. 

CH2-C(:N0H)/ 

207 (Ber. 22, 2964). 


Halogen Substitution Products of the Succinic Acid Group 

The monosubstitution products are obtained (1) by the direct action of 
halogens on the acids, their esters, chlorides or anhydrides. In case of the cujids 
it is advisable to act on them with amorphous phosphorus and bromine (Ber. 21, 
R. 5) ; (2) by the addition of a halogen hydride to the corresponding unsaturated 
dicarboxylic acid of the fumaric and maleic groups (Ann. 254, 161) ; (3) by the 
action of a halogen hydride, and (4) of PCI5 or PBr^ on the corresponding a-mono- 
hydroxydicarboxylic acids (Ann. 130, 21) ; (5) from arninosuccinic acids by 
means of potassium bromide, sulphuric acid, bromine and nitric oxide (Ber. 28, 
2769). 
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Inactive chloromccinic acid, COgH-CHClCHg-COgH, m.p. 152°, is formed from 
fumaric acid and hydrochloric acid : dimethyl eater, b.p. 106-5°/14 mm. ; diethyl 
eater, b.p. 122°/15 min. ; anhydride, m.p. 41°, b.p. 126°/12 mm. (Ann. 254, 156 : 
Ber. 23, 3757). 

dextrorotatory-( -f )*C'^Zoro«wccmic acid, m.p. 176° (decomp.), is obtained from 
/-malic acid and phosphorus pentachloride, a Walden inversion taking place 
(Kuhn, Ber. 61, 509). Its silver salt yields d-malic acid when boiled with water : 
dimethyl ester, b.p. 107°/15 mm. ; chloride, b.p. 92"/ll mm. ; anhydride, b.p. 138°/20 
mm. (Ber. 28, 1289). 

\&i\orotatoTy-{ — )-Chloroauccinic acid is prepared from Z-aspartic acid, which 
can be changed to Z-malic acid. Starting, therefore, with Z-aspartic acid, it is 
not only possible to prepare ( — )-chlorosuccinic acid and Z-malic acid, but with 
the aid of the latter we can obtain (-f )-chlorosuccinic acid, which can be trans- 
posed into d -malic acid (p. 605) : 

— )-Chlorosuccinic acid-<-d-Malic acid. 

/-Aspartic acid X. ^ 

^ Z-Malic acid (-f)-Chlorosuccinic acid. 

On the other hand, ( — )-chloro- and ( — )-bromo- succinic acid, which yield 
/-malic acid with silver oxide, give, with ammonia, d-aminosuccinic acid, from 
which d-malic acid can be obtained on boiling the substance with barium hy- 
droxide solution {Walden Inversion, pp. 70, 443) (Ber. 30, 2795) : 

( — )-Chlorosuccinic acid Z-Malic acid 

d-Aminosuccinic acid >■ d-Mahc acid. 

Inactive bromosiiccinic acid, COaH-CHBrCHg-COgH, m.p. 160°, is prepared 
from hydrobromic acid and fumaric acid. It is decomposed by alkalis into these 
components (Ann. 348, 261) ; dimethyl cater, b.p. 110°/10 mm. ; anhydride, m.p. 
31°, b.p. 137°/11 mm. 

{-\-)-Bromosuccinic dimethyl ester is formed from Z-malic acid and PBr^, b.p. 
124°/20 mm. (Ber. 28, 1291). 

{— )‘Bromo succinic acid is prepared from Z-aopaitic acid (Ber. 28, 2770 : 29, 
1699), m.p. 173° (decomp.). 

Monoiodoauccinic acid- has only been obtained as a basic lead salt (Ber. 30, 
200 ). 

The free, inactive acids and their esters, when heated at the ordinary pressure, 
break down into a halogen acid and fumaric acid and its ester, whilst the an- 
hydrides yield the halogen hydride and maleic anliydride (Ann. 254, 157). Moist 
silver oxide converts bromosuccinic acid into inactive malic acid {q.v.), which 
can thus be synthesized in this way. 

The addition of a halogen acid to ita-, citra-, and mesaconic acids (p. 571) 
produces chloropyrotartaric acids, C5H7CIO4 : (1) Itachloropyrotartaric acid, 

CH2-Cl CH(COOH)*CH2(COOH), m.p. 140-141° (c/. Paraconic acid and Itamalic 
acid). (2) Mesa- or Citrachloropyrotartaric acid, CH3-CCl(COOH)-CH2(COOH), 
m.p. 129° (Ann. 188, 51 : C. 1899, I. 1070). 

Bromopyrotartaric acids, CgHgBrO^ : (1) itabromopyrotartaric acid-, m.p. 137° ; 
(2) citrabromopyrotartaric acid, m.p. 148°. 

Dihalogen substitution products are produced (1 ) by the direct action of 
bromine and water on the acids ; (2) by the addition of halogen acids to the 
monohalogen unsaturated acids of the fumaric and maleic series ; (3) by the 
addition of halogens — particularly bromine — to the unsaturatod acids of the 
fumaric and maleic series. 

When hydrobromic acid is added to fumaric and maleic acids they yield the 
same monobromosuccinic acid, but with bromine, fumaric acid forms the sparingly 
soluble dibromosuccinic acid, whilst maleic acid and bromine yield the easily 
soluble tcwdibromosuccinic acid and fumaric acid. These two dibromosuccinic 
acids have the same structural formula, they are symmetrical in arrangement, 
and their isomerism is probably due to the same cause prevailing with the ayjn.- 
dialkylsuccinic acids (p. 549). Yet they are intimately related to racemic and 
mesotartaric acids, which were first synthetically prepared by means of the 
dibromosuccinic acids. Inasmuch as fumaric acid yields racemic acid when 
oxidized, therefore the sparingly soluble dibromosuccinic acid, the dibromo- 
addition product of fumaric acid, should correspond with racemic acid, and 
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t«)dibromosuccinic acid with mesotartaric acid. However, the reactions of the 
dibromosuccinic acids show many contradictions. 

Dichlorosuccinic acid, m.p. 215° (decomp.), is prepared from fumaric acids 
and liquid chlorine ; methyl ester ^ m.p. 32° (Arm. 280, 210). 

iso Dichlorosuccinic acid^ m.p. 170° (decomp.), is obtained from the anhydride^ 
m.p. 05°, the addition product of maleic anhydride and liquid chlorine. When 
heat-ed, the anhydride changes to chloromaleic anhydride (Ann. 280, 216). 

Dibromosuccinic Acids. — The meso-form (J.C.S. 101, 1196) is obtained 
from fumaric acid and bromine. It is sparingly soluble and decomposes at 200- 
235° into hydrogen bromide and bromomaleic acid. When heatod with acetic 
anhydride, it forms bromomaleic anhydride and acetyl bromide. Methyl ester, 
m.p. 62° ; ethyl ester, m.p. 68°. 

iso Dibromosuccinic acid, m.p. 166°, is formed from maleic acid and bromine 
in ethereal solution. It is a racemic compound and has been resolved by the 
use of morphine (J.C.S. 101, 1196). /-Acid, m.p. 157°, [a]D (in ethyl acetate) 
— 148°. Its are liquids. Its an/rydridc, C2HjBrg(C0)20, m.p. 42°, is formed 
from maleic anhydride and bromine. At 100° it breaks down into HBr and 
bromomaleic anhydride (Ann. 280, 207). Anilic acid, m.p. 144° : anil, m.p. 
177° (Ann. 292, 233 : 239, 143). When reduced, both acids yield succinic acid ; 
when boiled with potassium iodide they change to fumaric acid, whilst boiling 
sodium hydroxide or barium hydroxide solutions convert them into acetylene 
dicarboxylic acid (Ann. 272, 127). The sparingly soluble dibromo-acid, when 
boiled with 20 parts of water, passes into bromomaleic acid, whilst the readily 
soluble acid, under like treatment, becomes converted into bromofumaric acid. 
Two hundred parts of boiling water convert the difficultly soluble dibromo-acid 
into mesotartaric acid, together whth a little racemic acid, whilst the readily 
soluble acid yields much racemic acid and but little of the mesotartaric acid 
(Ann. 292, 295: 300, 1). 

The silver salt of the difficultly soluble dibromo-acid changes on boiling with 
water to mesotartaric acid wffiilst racemic acid is obtained under similar 

conditions from the salt of the easily soluble iLvodibromosuccinic acid (Ber. 2 1 , 268). 
Much mesotartaric acid with but Uttle racemic ac*id is formed on boiling the 
barium or calcium salt of the difficultly soluble dibromosuccinic acid. The 
contradictions in these reactions are made clearer in the scheme which follows : 


KMnOi 

Fumaric acid ^ Racemic acid. 

4 

Dibromosuccinic acid ^ Mesotartaric acid (in quantity). 



KMn04 

Maleic acid — Mesotartaric acid. 


f 

i.?oDibromosuccinic acid Racemic acid (in quantity). 



Th(* experiments of McKenzie lead to the conclusion that the explanation 
of these results is to bc^ found in the fact that the addenda (2Hr or 20H) add 
themselv'es differently to the double linkage, and the relationship between the 
various compounds is better expressed by the scheme — 


Fumaric 



(C’i^<-addition) Racemic acid 


(Tmrwf-addition) ►► mc^<oDibromusuccinic acid. 

► mewTartaric acid 


Maleic acid 



{Trans -addition) 


(Ci«-addition) 


■>firoDibromo8Uccinic acid {Raceinic) 
> Racemic acid 

■> me^oTartaric acid. 
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It must not be assumed that the addition takes place in identical fashion 
with all unsaturated compounds. The course of the reaction depends so much 
on the constitution of the starting f^ompound and the nature of the addenda 
that a prophecy of the resulting products, formed by the formation of two new 
asymmetric carbon atoms, is as unjustified as the prophecy of the configuration 
of a compound formed by substitution at an asymmetric carbon atom. The 
only certain method of determination depends upon the optical resolution of 
one of the addition products. 

Trichloroauccinic acid is a crystalline, exceedingly soluble mass, obtained on 
exposing chloromaleic acid, water and liquid chlorine to sunlight (Ann. 280, 203). 

Tetrachlorofmccinanily m.p. 167°, is formed together with dichloromaleic anil 
chloride (p. 570), when PCI 5 acts on dichloromaleic anil (Ann. 295, 33). 

Tribromo succinic acid, C 2 HBr 3 (C 02 H) 2 , m.p. 136°, is produced when bromine 
and water act on bromomaleic acid and i^obromomaleic acid. The aqueous 
solution decomposes at 60° into CO 2 , HBr, and dibromoacrylic acid, CgHgBrjOj 
(p. 342). Alkalis convert it into dibromomaleic acid ; whilst excess of ammonia 
produces monobromofumaric acid (Ann. 348, 264). 

Dibromopyrotartaric Acids . — The addition of bromine, to ita-, citra-, and mesa- 
conic acids gives rise to three dibromopyrotartaric acids, which upon reduction 
revert to the same pyrotartaric acid (p. 548). 

The ita-, citra-, and mesa -dibromopyrotartaric acids, C 5 HgBr 204 , are distin- 
guished by their different solubility in water. The ita- compound changes to 
aconic acid, C 5 H 4 O 4 , when the solution of its sodium salt is boiled ; the citra- 
and mesa- compounds, on the other hand, yield bromomethacrylic acid (p. 345). 

An excess of potassium hydroxide will convert cifmdibromopyrotartaric acid 
into brornomesaconic acid (p. 572). 

Glutaric Acid Group 

Glutaric acid and its alkyl derivatives, like succinic acid, are 
characterized by the fact that when heated they break down into 
the anhydride and water. The anhydrides readily yield anilic acids, 
from which anils can be obtained by the withdrawal of water. The 
glutaric acids resemble the succinic acids in behaviour, but they are 
changed to anhydrides with greater difficulty by acetyl chloride, and 
are not so volatile with steam. 

Glutaric acid (normal pyrotartaric acid) [pentane diacid] 
CH2 <^jj^qq^jj, m.p. 97°, is isomeric with methylsuccinic acid or 

pyrotartaric acid, as well as with ethyl- and dimethyl -malonic acids 
(p. 646). It was first obtained by the reduction of a-hydroxyglutaric 
acid with hydriodic acid. It may be synthetically prepared from 
trimethylene bromide (p. 372), through the cyanide ; from acetoacetic 
ester by means of the acetoglutaric ester (q.v.) ; from glutaconic acid 
by reduction (p. 576), and from propanetetracarboxylic acid or methy- 
lene dimalonic acid, €3114(00211)4, by the removal of 200 2 ; from 
hydroresorcinol and potassium hypobromite (Ber. 32, 1871) ; by 
electrolysis of a mixture of potassium malonic ester and succinic ester 
(0. 1903, II. 1053). Glutaric acid crystallizes in large monoclinic 
plates, and distils near 303°, with scarcely any decomposition. It is 
soluble in 1*2 parts water at 14°. 

The calcium salt, C 5 lIa 04 Ca -f- 4 H 2 O, and barium salt, C 5 He 04 Ba -f- 5 H 2 O, are 
easily soluble in water ; the first is more readily in cold than in warm water 
(like calcium butyrate, p. 304). 

Monomethyl ester, b.p. 153°/20 nmi. ; dimethyl ester, b.p. 214° (Ber. 26, 
R. 276 : C. 1900, I. 169) ; nhyl ester, b.p. 237°. 

The anhydride, CgHgOa, m.p. 66-67°, forms on slowly heating the acid to 230- 
280°, and in the action of acetyl chloride on the silver salt of the acid. 

Olutarimide, C 8 Hg(CO) 2 NH, m.p. 152°, is formed when ammonimn glutarate 
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is heat-ed ; when trimethylene cyanide {q.v.) is heated with sulphuric acid and 
water to 180-200° (C. 1902, I. 711), and by oxidation of pentamethyleneimine 
(p. 386) or piperidine with HjOg (Ber. 24, 2777). When heated to redness with 
zinc dust, a little pyridine is formed (Ber. 16, 1883). 

Gluturic peroxide, 02{COCH2CH2CH2COOH)2, m.p. 108° (deeomp.), is prepared 
from glutaric anlivdride and H2O2. On being heated it yields a little suberic 
acid (p. 562) (C. 1904, II. 766). 

Olntaric dihydrazide, (CH2)8(CONHNH2)2, m.p. 176°. Olutarlc diazide is an 
explosive oil (J. pr. Chem. [2] 62, 194). 

Nitrile of gluiaric acid, trimethylefie cyanide, CN*[CH2]3-CN, m.p. — 29°, b.p. 286° 
(C. 1901, II. 807), is obtained from trimethylene bromide and potassium cyanide. 
Alcohol and sodium convert it into pentamethylene diamine (p. 385) and piperidine 
(p. 386), whilst it yields glutarimide dioxime with hydroxylamine (Ber. 24, 3431). 

P-C}de)roglutaric acid is obtained from jS-hydroxyglutaric acid. Diethyl- 
aniline converts it into glutaconic acid (p. 575) (C. 1905, I. 1225). 

Petitachloroglutaric acid, COjH'CCljCHClCClg COgH (Ber. 25, 2219). 

a-Bromo- and ccdodo-glutaric ester are converted by KOH or diethyl aniline 
into trimethylene dicarboxylic acid (C. 1905, I. 1225). 

CLy-Dibroinoglutaric acid, CH2(CHBrCOOH)2, m-form, m.p. 170° ; trans- 
form, m.p. 143 (decorap.) (c/. p. 559, ay-di-alkylglutaric acids) result when 
glutaric acid is brominated, and by the oxidation of cis- and ^m//>f-dibroraides of 
ryc/opentadiene (Vol. II). Reduction converts them into glutaric acid, whilst 
OLp-dibrofnoglutaric acid, the dibromide of glutaconic acid (p. 575), yields gluta- 
conic acid when reduced (Ann. 314, 307, 509). 

Mono- alky Iglutaric Acids. — cc-Methylglutaric acid, COOH CHg CHg CHMe*- 
COOH, m.p. 76°, results from the reduction of saccharone, and on treating 
camphorphorone with KMn04 (Ber. 25, 265). It may bo synthesized from 
methylacetoacetic ester and /3-iodopropionic acid ; and when KNC acts on la3vm- 
linic acid. It is a by-product in the decomposition of i^ebutanetricarboxylic 
ester, the condensation product of bromowobutyric ester and alcoholic sodium 
malonate (see below). A series of a*alkylglutaric acid are formed by the decom- 
position of the alky Ipropane-aay-tricar boxy lie esters (C. 1901,1. 302). a-Methyl- 
glutaric acid and P2S5 yield 3-methylpenthiophen. Anhydride, rn.p. 40°, b.p. 
283°; anilic acid (Ann. 292, 211); dinitrile, a-methyltriniethylene cyanide, 
b.p. 270°, is prepared from dibromobutane and KNC (C. 1902, II. 1097). 

(x-Ethylglutaric arid, m.p. 60°, b.p. 195°/30 mm. ; anhydride,h,p.2ir)'^ ; anilic 
acid (Ann. 292, 144, 215). 

p-M ethylglutaric acid, CH3CH(CH2C02H)2, m.p. 86°, is formed from crotonic 
ester and sodium raalonic ester or sodium cyanoacetic ester (C. 1906, I. 186) ; 
also from ethylidene diinalonic acid ; anhydride, m.p. 46°, b.p. 283° (Ber. 24, 
2888). p~Ethylglutaric acid, m.p. 67°, is prepared from propylidene dimalonic 
acid. p-iBoPropylglutaric acid, m.p, 100°, is formed from a-cyano-)3-?'«opropyl- 
glutaric mono -ester or carboxy-j3*i«opropylglutaric ester, whose methyl -substitu- 
tion product yields OL-methyl-^-isopropylglutaric acid (Ber. 38, 947). The 
/3-wopropylglutaric acid, when oxidized with CrOg, is converted into terpenylic 
acid (p. 612); but KMn04 produces terebic acid (p. 612) (C. 1899, I. 1157 : 
1900, II. 39, 467). The dinitriles of the jS-alkylglutaric acids are obtained also 
by boihng with water the oximes of alkylidene bis-pyroracemic acids (diketo- 
pimelic acids), RCH[CH2C(NOH)COOH]2 (C. 1906, I. 1105). 

Di- and Tri-alkylglutaric acids are produced together with tri- and tetra- 
methyl succinic acids in the syntheses of these latter acids from a-bromoi«o- 
butyric acid with silver, with methylmalonic ester, etc. In order to explain the 
formation of these unexpected alkylglutaric acids in these reactions, it has been 
assumed that a portion of the a-bromoisobutyric acid gives up HBr and passes 
into methacrylic ester. In the silver reaction the HBr attaches itself to the methyl 
acrylic ester, and the silver withdraws bromine from the a- and /5‘bromow?obutyric 
esters, whereby the residues unite to trimethylglutaric ester (Ber. 22, 48, 60) : 

< pT_r -- HBr pu + HBr ppr t:>_ 

► C2H,OOC C<gg| ► 

C,H,OOCCH\^^^(3^^^CCOOC,H, 



DIBASIC ACIDS: ALKYLGLUTARIC ACIDS 


559 


In the second reaction sodium methylmalonic ester attaches itself to methyl 
acrylic ester, and when the addition product is saponified it yields dimethyl 
glutaric acid (Ber. 24 , 1041, 1923) : 


C,H,oTc)>C=CH. + HCNa<gOOC,H, ^ 

C,H,OCO>CH-CH,-CNa<ggggH^ 


The aa'- (or ay-) and ajS-dialkyl glutaric acids, similarly to the ^ym. -dialkyl 
succinic acids (p. 549), exist in two modifications — the racemic- and me^^o-forms. 

clol' -D im,ethylglutaric acid, CH2[CH(CH3)C02H]2, m.p. me.^o-acid, 127°, raceiriic- 
acid, 140° (Ann. 292 , 146 : Ber. 29 , R. 421), is also prepared from CH 2 I 2 and 
sodium a-cyanopropionic ester. The mc^o-acid can also be obtained by reduction 
of aa-dimethylglutaconic acid (p. 577) by means of HI and phosphorus, accom- 
panied by the wandering of a methyl group (C. 1903, 1. 697). 

Bromine converts both acids into a-bromo-derivatives, from which hydroxy- 
dimethyl glutaric acids and their lactones are obtained (Ber. 25 , 3221 : Ann. 
292 , 146). The 127° acid is cionverted by acetyl chloride or acetic anhydride 
into the anhydride, m.p. 94°, while the 140° acid is unaffected at moderate 
temperatures (Ber. 31 , 2112). The 140° acid is the racemic form and has 
been resolved by the use of strychnine or brucine (Ber. 43 , 3250 : C. 1919, 

l. 607). 

clol' -D iethylglutaric acids, m.pp. 120° and 94°, are formed by the reduction 
of jS-hydroxy-aa'-diethylglutaric acid by hydriodic acid (C. 1902, TI. 107). On 
heating the barium salts of aa'-dimethyl and -diethylglutaric acids there result 
dimethyl- and diethyl-cycZopentanone (C. 1897, II. 342). -Methylmobutyl- 
glutaric acids, m.pp. 121° and 78°, are produced from sodium /wbutylmalonic 
ester and bromoi^^obutyric ester, etc. (C. 1900, II. 368). 

OLp-Dimethylglutaric acids, C02H‘CH(CH3)CH(CH3)CH2C02H, trans-acid 
fluid, ci^-acid, m.p. 87°, are formed by hydrolysis and splitting oil of COg from 
the condensation products of crotonic ester, sodium cyanoacetic ester and 
iodornethano ; also of angelic or tiglic esters (}>. 346) and sodium cyanoacetic 
ester (C. 1903, I. 565, 1122 : 1906, I. 186 : r/. also Ann. 292 , 147 : Ber. 29 , 
2058). 

an'CLOL'Dimethylglutaric acid, C02H-C(CH3)2CH2CH 5 anhydride, 

m. p. 38°, is prepared from y-chloro/twbutylacetic acid and potassium cyanide 
(C. 1898, II. 963 : cf. C. 1902, II. 25) ; by reduction of the addition product of 
HI to aa-dimethylglutaconic acid by means of zinc and hydrochloric acid ; 
also by oxidation of camphor derivatives (Vol. II) (C. 1900, 11. 282). Treatment 
of aa-dimethylglutaric anhydride with A^Clg in chloroform leads to a partial 
production of i^ocapro lac tone and pyroterebic acid and CO 2 [cf. as-dimethyl- 
succinic anhydride (p. 552) ; also C. 1902, I. 567). 

pP-Di?nethy I glutaric acid, C02H-CH2C(CH3)2<jH 2C02H, m.p. 104° ; anhydride, 
m.p. 124°, is prepared from dimethylacrylic ester with sodium or potassium 
malonic ester with subsequent decomposition of the dimethylpropanetricarboxylic 
ester which is formed (Ann. 292 , 145 : C. 1897, 1. 28) ; by decomposition of 
j3)3-dimethylpropanototracarboxylic ester (C. 1899, I. 926) ; of ^^-dimetliyl-aa'- 
dicyanoglutaric ester or imide (C. 1901, I. 821) ; also by oxidation, by means of 
KBrO, of dimethylhydroresorcinol (Vol. II) (C. 1906, II. 18 : Ber. 32 , 1879) ; 
anilic acid, m.p. 174°. Bromo-j3/3-dimethylglutaric ester and alcoholic potassium 
hydroxide yield the two caronic acids (Vol. II). ^^-Methylethylglutaric acid, 
m.p. 87°. pP-Methylpropylglutaric acid, m.p. 92°. ^^-Methylbutylglutaric acid, 
m.p. 65°. PP- Diethylglutaric acid, m.p. 108° (see C. 1901, I. 821). 

Oi(xy-Trim,ethylglutaric acid, C02H2CH(CH3)CH2C(CH3)2C02H, m.p. 97° {cf. 
Tetrarnethylsuccinic acid) ; anhydride, m.p. 96°, b.p. 262° (Ann. 292 , 220, 
C. 1906, II. 422). oip p-Trimethylglutaric acid, m.p. 88°, is obtained from cam- 
phoric acid (Vol. II), and a-cyano-aj3)3-trimethylglutaric ester ; anhydride, m.p. 
82° (C. 1899, I. 522) ; a-cyano-aj3^y-tetramethylglutaric ester, produced by 
methylating a-cyano-a'j3)3-trimethylglutaric ester, yields the oL^py-tetramethyl- 
^^wtor^cac^d^^,C02H•CH(CH2)C(CH8)2CH(CH3)C02H,m.p. 140° and 90° (C. 1900, 
II. 466). 

OLOLyy-Tetramcthylglutaric acid, CHa[C(CH 3 ) 2 COOH] 2 , m.p. 186»°, is pro- 
duced from jS -hydroxy tetramethylglutaric acid by HI (C. 1900, II. 529). 
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Derivatives of Adipic Acid and Higher Dicarboxylic Acids 

Adipic acid, COOH [CH 2 ] 4 *COOH, and its alkyl derivatives are 
volatile under diminished pressure without decomposition. (1) These 
acids, together with the higher homologues, are characterized by the 
formation of cyclic ketones when their calcium salts are heated {Wisli- 
cenus, Aim. 275, 309). In the case of the higher acids, the use of 
the thorium salts jdelds better results. In many cases, small yields 
of cyclic diketones accompany the monoketones in this reaction 
{Ruzicka and others, many papers in Helv. Chim. Acta, 9, and later 
volumes). 


CH 2 CH 2 COOH 

I 

CH 2 CH 2 COOH 
Adipic acid. 

/CH,CH,COOH 


CH 2 CH 2 


or in general, 


^CHjCHjCOOH 
riiiielic acid. 


(CU \ ^OOOH 


CH 2 CH 2 / 

(•//cloPontanone. 

/CH2CH2N 

CH/ 

c;/c/oHcxaiioiic 


(CH2)„>C0 






The yield of many of these higher ketones is very small, cyclo’ 
Hexanone, obtained from pimelic acid, is obtained in 70% yield 
from the thorium salt, but the yield of cyriodecanone from the acid 
(CH 2 ) 9 (C 00 H )2 is only 0-l-0*2% of theory. 

(2) Cyclic condensation can also be brought about by the action 
of sodium or sodium amide on the esters of adipic, pimelic acid, and, 
to a lesser extent, suberic acid ; y^-keto-cyc/oparaflin carboxylic esters 

XX) 

are formed having the general formula (CH 2 ),/ 1 . Like aceto- 

\CHCO 2 R 

acetic ester, the CH-group can be alkylated by CoHr.ONa and alkyl 
iodides, but when boiled with alcoholic sodium alcoholate the ring 
becomes broken, re-forming the dicarboxylic esters. 

These reactions provide a method for alkylating adipic and pimelic 
acids in the a-position (Ann. 317, 27 ; cf. C. 1905, II. 31 : 1908, I. 
1169), e.g.— 

ROCO ROCO ROCO ]i()CX)C}l(CH3)CH2 


cn2CH2 

I - 

ROCOCH 2 CH 2 


;hcil 


CH,CK., 


►co< 1 - 

MXI, - 




rococh(ch3)ch2 

I 

CH(CH3)-(.’H2 


/CH(CH3)Cfr2 

co<( I <- 

\C(CH3)-(Xl2 


/CH(CH3)CIl2 

co<( I 

\CH — CHa 

I 

ROCO 


(3) Adipic acid and the higher normal paraffin dicarboxylic acids, 
like succinic acid, tend to form anhydrides when boiled with acetyl 
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chloride or acetic anhydride. The resulting bodies probably do not 
consist of single molecules, but are multiples of them (Ber. 27, R. 
1105 : C. 1896, II. 1091 : 1907, I. 964) (cf. also the anhydrides of 
dialkylmalonic acids, p. 546). 

The anhydrides obtained from adipic and pimelic acids and their 
alkyl substitution products by boiling with acetic anhydride, decom- 
pose when distiUed into COg and cyclic ketones (C. 1907, II. 685) : 

CH 3 CH CH 2 CO X 

I >0 (?) 

CH2-CH2CO/ 

(CHOaC—CH^CH^CO 

I I (?) 

CH 2 CH 2 CO 0 

Adipic acid [hexane diacid], C 02 H-[CH 2 ] 4 C 02 H, m.p. 148^ b.p. 
205-5°/ 10 mm., was first obtained by the oxidation of fats (adeps 
= fat) by nitric acid. It can also be formed by the oxidation of 
rycZohexane, and most readily by oxidation of ciycZohexanone or cyclo- 
hexanol, the products of reduction of phenol (Vol. II) by means of 
alkaline potassium permanganate (Ber. 39, 2202 : 41, 575). It can 
be prepared ( 1 ) by reduction of hydromuconic acid (p. 577 ) ; ( 2 ) 

synthetically, from /3-iodopropionic acid and silver at 130-140°, or 
copper at 160° (Ber. 28, R. 466) ; (3) from ethyl potassium succinate, 
by electrolysis (Ann. 261, 177) ; (4) from ethylene dimalonic acid or 
butane tetracarboxylic acid by loss of CO 2 ; (5) by hydrolysis and 
splitting of y-cyanopropyl malonic ester or of tetramethylene djcyanide 
(C. 1901, I. 218, 610 : II. 807). 

The action of sodium converts adipic ester into /?-c?/cZopentanono 
monocarboxylic acid ester. Distillation of the calcium salt or anhy- 
dride results in the production of cycZopentanone (Vol. II). Amide, 
m.p. 222° (Ber. 32, 1772). Adipic dinitrile, tetramethylene dicyanide, 
m.p. 1°, b.p. 295°, is formed from tetramethylene bromide or iodide 
and KNC (C. 1901, I. 610 : II. 807). 

Alkyladipic acids. — (x-Methyladipic acid, m.p. 64°. (x-Ethyladipic acid is a 
liquid. P-Methyladipic acid, m.p. 89°, b.p. 211°/14 mm. It results from the 
oxidation of pulegone and menthone (Ann. 292 , 148) ; ethyl ester, b.p. 138°/15 
mm. [a]p + 2-24°. Condensation of the ester (see above) to methyl cycloponta- 
none carboxylic ester is accompanied by a groat increase in the optical rotation 
to [a]n -h 78-24° (C. 1905, II. 31). cc-iso Fropyladipic acid, m.p. 67°, b.p. 222°/12 
mm. (C. 1908, I. 1169, 1616). 

Dialkyladipic acids are obtained (1) from oycZopentanone carboxylic esters, 
by alkylation and breaking of the ring (see p. 560) ; (2) from ethylene bis-alkyl 
malonic esters ; (3) from lactones or the bromo-fatty acids corresponding with 
them, by the action of KNC or sodium malonic ester or sodimn cyanoacetic ester 
(c/. p. 534) (C. 1907, II. 897 : 1908, I. 1616) ; (4) by oxidation of hydro-aromatic 
ketones (Vol. II). ah-Dimethyladipic acid, two modifications, m.pp. 143° and 76° ; 
dinitriles are produced from the two jSc-dibromohexanes (p. 373), by KCN (Ber. 
34 , 807). oLOi-Dimethyladipic acid, rn.p. 90°. p^-Dimethyladipic acid, m.p. 87° 
(C. 1905, I. 26 : 1907, I. 239 : 1908, I. 1616). oLy-Dimethyladipic acid, m.p. 80°. 
y-Methyl-P-ethyladipic acid, m.p. 98°. oiB-Methylisopropyladipic acid, m.p. 
111°, etc. 

Normal pimelic acid [heptane diacid], C02H[CH2]5C02H, m.p. 105° (Ann. 
292 , 150), was first prepared by oxidizing suberone ; and from salicylic acid by 
the action of sodium in amyl alcohol solution ; cyclohexanone carboxyhc acid 
results as an intermediate product, and the ring is broken according to the 
VOL. I. 00 
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fonnulaB on p. 660 (Ann. 286, 269) ; by heating furonic acid, C 7 H 8 O 5 , with HI ; 
and in the oxidation of fats with nitric acid. It can be obtained synthetically 
from trimethylene bromide and malonic ester by heating pentamethylene tetra- 
carboxylic acid, which is the first product of the reaction (Ber. 26, 709). It may 
be conveniently prepared from the dinitrik\ pentamethylene dicyanidcy b.p. 172°/12 
mm. This is obtained from crude dichloropentane (pp. 371, 373), and KCN 
(Ber. 37, 3688 : C. 1904, II. 687). When its calcium salt is distilled cyclohexanone 
is produced (p. 560). 

Alkylpimellc acids : a-, p-, and y~methylpimelic acids, m.p. 64°, 49°, and 
66°. They are formed when the o-, m*, and p-cresotic acids (Vol. II), or bettor, 
their dibromo -derivatives, are reduced by amyl alcohol and sodium (Ann. 295, 
173). The a-acid may also be prepared from the corresponding tetracarboxylic 
acid (Ber. 29, 729), and by acid decomposition of methyl c 2 /cZohexanone carboxylic 
ester (p. 560). 

OL€~Dimethylpimelic acids, m.p. 81° and 76° (Ber. 28, R. 466). 

CLpe-Trimethylpirnelic acid, b.p. 214°/15 mm. (Ber. 28, 2943). 

Pp-Dimethylpimelic acid., m.p. 104°, and ccyy-trimethylpimelic acid, m.p. 55°, 
are prepared from the condensation products of 8-bromo-^-dimethylcaproic ester 
and sodium malonic ester and sodium methylmalonic acid respectively. The 
anhydrides of these acids yield on distillation dimethylc^/cZohexanone and tri- 
methylc 2 /cZohexanone (p. 561) (C. 1906, I. 1819 : 1907, I. 964). 

CL€-Dibromopimelic acid, m.p. 141° ; diethyl ester, b.p. 224°/28 mm., when 
acted on by sodium ethoxide yields cycZopentene dicarboxylic acid (Vol. II). 

Suberic acid [octane diacid], COiH^CHgJoCOgH, m.p. 140°, is obtained by 
boiling cork (Ber. 26, 3089), or fatty oils, with nitric acid (Ber. 26, R. 814) 
{suher = cork). Its ethyl ester, b.p. 280-282°, has been synthesized by electro- 
lysing potassium ethyl glutarate ; it is also obtained by the action of magnesium 
and CO 2 on trimethylene bromide (p. 372) (Ber. 40, 3039). Distillation of the 
calcium salt produces s^iberone (cycZoheptanone) (Ann. 275, 356) ; anhydride, 
m.p. 62° ; diamide, m.p. 216° (Ber. 31, 2344) ; dihydrazide, m.p. 186° ; diazide, 
m.p. 25° (see also a^-hexamethylene diamme (p. 385) (J. pr. Chem. [2] 62, 198). 
p€-Tetramethylsuberic acid, [HOOC CH 2 C(CH 3 ) 2 -CH 2 ] 2 , m.p. 165°, is produced 
from /3-dimethylglutaric mono-ester, by electrolysis (C. 1906, II. 18). 

Higher paraffin-dicarboxylic acids result, accompanied by oxalic, succinic 
and suberic acids, when fatty and oleic acids are oxidized by nitric acid. 

The higher acetylene carboxylic acids (p. 352) usually decompose into the 
acids CnH 2 n-s 04 , when oxidized with fuming nitric acid. The mixture of acids 
that results is separated by fractions! crystallization from other ; the higher 
members, being less soluble, separate out first (Bor. 14, 560). Such acids have 
also been produced by the breaking-down of ketoximic acids through the action 
of concentrated sulphuric acid, e.g, sebacic acid from ketoxime stearic acid 
(p 34«). 

The higher dicarboxylic acids can be built up from the lower, azelaic and se- 
baoic acidS, by the following series of reactions 1 


^ ^OOEt 
Azelaic acid. 


Keduction 

>- 

N a -f- alcohol 




HBr 


/ppr \ ^^CH2Br 

(^^2)7<CcH2Br 


KCN 


/PTT 1 ^CH2-CN 




-COOH* 


etc. 


(Helv. Chim. Acta. 9, 264). 

Azelaic acid, lepargylic acid, [nonane diacid], C02H[CH2]7C02H, m.p. 106°, 
is obtained by the oxidation of oleic acid and castor oil by nitric acid or per- 
manganate (Ber. 17, 2214 : C. 1900, I. 250). The name is derived from azotic 
acid — nitric acid, and elaidic acid, connected with oleic acid. It is synthetically 
prepared from pentamethylene bromide and sodium acetoacetic ester (Ber. 26, 
2249). When distilled with lime it yields azelaone (cycZooctanone) ; ethyl ester, 
b.p. 291° (Ann. 307, 375) ; anhydride, m.p. 52° ; nitrile, b.p. 195°/21 mm. 
(C. 1898, II. 848). Azelaic dithiolic acid, COSH[CH 2 ] 7 COSH, m.p. 73°, is formed 
when azelaic diphenyl ester is treated with NaSH, Sodium converts it into a 
disulphide, [CH2]7[C02]S2 (C. 1905, II. 217). 

Sebacic acid [decane diacid], C02H[CH2]8C02H, m.p. 133°, is formed (1) by 
dry distillation of oleic acid ; (2) by oxidation of stearic acid, spermaceti or castor 
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oil by nitric acid ; (3) from stearyl ketoxime ; (4) from heptane tetracarboxylic 
acid (Bor. 27, R. 413). Anhydride, m.p. 78° ; diethyl eater, b.p. 196°/20 mm. ; 


dihydrazide, m.p. 185° ; diazidc, m.p. 34°. 


Bym.-Sebacic hydrazidc, [CHg] 



ONH 

I 9 

ONH 


m.p. 142° (J. pr. Chem. [2J 62, 216). 

Nonane-aco-dicarboxylic acid, [CH 2 ]ft(COOH) 2 , m.p. 110 °, is obtained by 
the oxidation of cu-hydroxyundecoic acid (p. 429) by chromic acid, or synthetically 
from azelaic acid, as shown on p. .562. 

Decanedicarboxylic acid [CH 2 ]io(COOH) 2 , m.p. 127°, is prepared from 
a> -bromoundecoic acid and KNC ; also synthetically by electrolysis of pimelic 
mono-ester (Ber. 34, 900 : C. 1901, II. 1046). 

Brassylic acid [CH 2 ]ii(C 02 H) 2 , m.p. 114°, is obtained by oxidation of 
behenolic acid and erucic acid (Ber. 26, 639, R. 705, 811). It is synthetically 
prepared by condensing oj-bromomidecoic ester and sodium inalonic ester in 
alcohol, and subsequently hydrolysing and decomposing the condensation 
product. On the simultaneous formation of an isomeric acid (possibly a-methyl- 
decanedicarboxyUc acid), m.p. 82°, see Ber. 34, 893 {cf. C. 1901, II. 1046). 

Melting points of the anilides and toluididea of the more important dicarboxylic 
acids from C 3 to 0 ^ 3 , see J.C.S. 1927, 2926. 

Dodecanedicarboxylic acid, [CH 2 ]i 2 (COOH)o, m.p. 126-5° (Helv. Chim. 
Acta, 9, 271). 

Tridecanedicarboxylic acid, [CH 2 ]i 3 (COOH) 2 , m.p. 114° (Helv. Chim. 
Acta. 9, 273). 

Tetradecanedicarboxylic acid, [CH 2 ]i 4 (COOH) 2 , m.p. 123° (Biochem. Z. 
108, 75). 

Pentadecanedicarboxylic acid, [CH 2 ]i 6 (COOH) 2 , rn.p. 118° (Helv. Chim. 
Acta. 9, 275), is formed by the decomposition of dihydrocivetone. Rocellic 
acid, C 47 H 3 a 04 , m.p. 132°, occurs free in Rocella tinctoria. 

Hexadecanedicarboxylic acid, [CH 2 ]i 6 (COOH) 2 , m.p. 124°. Its thorium 
salt on distillation yields dihydrocivetone (Helv. Chim. Acta. 9, 262, 276). 

Heptadecanedicarboxylic acid, [CH 2 ]i 7 (COOH)a, m.p. 119°. 

Eicosanedicarboxylic acid, [CH 2 l 2 o(COOH) 2 , m.p. 123° : obtained by 
electrolysis of potassium ethyl decanedicarboxylate (Proc. Roy. Soc. Edin. 
46, 71). 

Tetracosanedicarboxylic acid, C 28 H 50 O 4 , m.p. 123-5°. 

Octacosanedicarboxylic acid, m.p. 123-5° (Proc. Roy. 8 oc. Edin. 46, 71). 

Higher methyl -substituted dicarboxylic acids, see Helv. Chim. Acta. 10, 
680, 691. 


B. OLEFINEDICARBOXYLIC ACIDS, GnH2n-404 
The olefinedicarboxylic acids bear the same relation to the 
saturated dicarboxylic acids as the acrylic acid series to the fatty 
acids. In acids which have the two carboxyl groups attached to 
different carbon atoms, the acids are known in two stereoisomeric 
cis~ and ^mri^-forms, which show considerable differences from each 
other in their tendency to anhydride formation, and in the products 
they yield on oxidation at the ethylene linkage. 

R-C-COOH R-C-COOH 

II 11 

COOH-C-R R-C-COOH 

Trana. C’ts. 


These acids are isomeric with the ci/c^oparaffindicarboxylic acids 
containing the same number of carbon atoms, e.g. : 


CH2X 

I >:(C00H)2 
CH 2 / 

ci/ctoPropaiiedlcarboxyllc 

acid. 


CH2CH(C00H) 

1 I 

CHjCH(COOH) 

cyctoButanedicarboxylic 

acid. 
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(a) Malonic Acid Derivatives 

Methylenemalonic ester, CH 2 = C(C02C2H5)2, is produced together with 
)5-ethoxymethylmalonic ester, Et 0 *CH 2 *CH(C 02 Et) 2 , when 1 molecule of methy- 
lene iodide and 2 molecules of sodium othoxide act on 1 molecule of malonic 
ester (Ber. 23 , R. 194 : 22 , 3294 : Ann. 273 , 43). Under diminished pressure it 
distils as a mobile, badly-smelling oil. If allowed to stand, it soon changes into 
a white, solid mass, (C 8 Hi 204)2 (C. 1898, II. 1169). The liquid estc^r unites with 
bromine. (See also j3-Hydroxyisosuccinic acid, p. 005.) 

Kthylideneinalonic ester, CHgCH : C(C02C2H6), b.p. 116°/17 mm., is formed 
when acetaldehyde is condensed with malonic ester by acetic anhydride (Ann. 
218 , 145). Malonic ester combines with it to form ethylidenedirnalonic ester. 
Hydrolysis with barium hydroxide solution converts it into a hydroxy-carboxylic 
acid, C3H5(0H)(C02H)2. Trichloroethylidenenialonic ester, CCI 3 CH : (^(COgCoHg).^, 
b.p. 160°/23 mm., results when chloral and malonic ester are condensed by acetic 
anhydride (Arm. 218 , 145). 

iaoPropylidenenialonic acid, (CH 3 ) 2 C : C(C02H2), m.p. 170° ; etiiyl ester, 
b.p. 176°/120 mm., is formed from malonic ester and acetone by the action of 
acetic anhydride (Ber. 28 , 785, 1122, c/. Bor. 34 , 1955). 

Cyanoacetic ester, reacting with aldehydes in the presence of sodium ethoxide, 
gives rise to olefine nitrile esters, sucli as ethylidene cyanoacetic ester, CHgCH : C- 
(CN)C02R (C. 1901, I. 1271 : c/. C. 1898, I. 664). Cyanoacetic ester condensed 
with acetone by diethylamine, is converted into isopropylideriecyanoacetic ester, 
(CH 8 ) 2 C : C(CN)C 02 C 2 H 5 , m.p. 28° (Ber. 33, 3530: C. 1905, II. 726). 

Allylmalonic acid, CH 2 : CH*CH2CH(C02H)2, m.p. 103°, is obtained from 
malonic ester by means of allyl iodide. It crystallizes in prisms (Ann. 216 , 
52). Compare y-Valerolactone, p. 427, and Carbovalorolac tonic acid, p. 614. 
See Ber. 29 , 1856, and C. 1905, II. 660, for ethylallyhnulonic acid and its homo- 
logues. 

(6) Unsaturated Dicarboxylic Acids, in which the Carboxyl 
Groups are attached to two Carbon Atoms 

Formation. — They can be obtained, like the acryhc acids, from 
the saturated dicarboxylic acids by the withdrawal of two hydrogen 
atoms. This is effected (1) by acting on the monobromo-derivatives 
with alkalis : 

- HBr 

^ C2H2(C02H)2 ; 

Bromosuccinic acid. Fumaric acid. 

(2) by allowing potassium iodide to act on the dibromo-derivatives 
(p. 555). Thus, fumaric acid is formed from both dibromo- and iso- 
dibromo-succinic acids : 

C2H2Br2(C02H)2 + 2KI = C2H2(C02H)2 + 2KBr + Ig ; 
and mesaconic acid, C 3 H 4 (C 02 H) 2 , from citra- and mesa-dibromo- 
pyrotartaric acids, C3H4Br2(C02H)2. (3) From the hydroxydicar- 

boxylic acids by the ehmination of water (p. 604). 

Behaviour. — The acids of this series show the same tendency to 
addition reactions as was observed with the unsaturated monocar- 
boxylic acids. Thus (1) hydrogen causes them to revert to saturated 
dicarboxylic acids ; (2) halogen acids (particularly HBr) and (3) halo- 
gens convert them into haloid-saturated dicarboxylic acids. (4) When 
heated with potassium hydroxide an addition of hydrogen sometimes 
occurs with the production of monohydroxy-saturated dicarboxylic 
acids ; other acids are molecularly rearranged (Ber. 26, 2082). Such 
rearrangement among isomers has been induced by boiling water or 
acids (c/. fumaric and maleic acids, mesaconic, citraconic and itaconic 
acids). (5) Potassium permanganate oxidizes some of the unsatu- 
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rated dicarboxylic acids to dihydroxy-dicarboxylic acids of the paraffin 
series. (6) Amino- and substituted amino-dicarboxylic acids of the 
saturated series have been obtained by the addition of ammonia, 
anihne and other bases. 

(7) The acids of this series combine with diazomethane or diazo- 
acetic acid, yielding pyrazoline derivatives (Ann. 273 , 214 : Ber. 27 , 
868), which pass into trimethylene derivatives by the elimination of 
nitrogen (p. 459) : 

KOCOCH ROCOCH— CH^COgR ROCOCH— CHCOOR 

II I I / 

ROCOCH ROCOCH ROCOCH^ 

Fumaric and maleic acids, the first members of this series, are 
the most important acids of their class. 

Fumaric and Maleic Acids 

Fumaric acid, C2H2(C02H)2, occurs free in many plants, in 
Iceland moss, in Fumaria officinalis, and in some fungi. 

It is formed (1) when inactive and active malic acid are heated 
(water and maleic anhydride are also produced) (Ber. 12 , 2281 : 18 , 
676), and by boiling malic acid with sodium hydroxide solution 
(Ber. 33 , 1453) ; (2) by boiling the aqueous solutions of monochloro- 
and monobromo-succinic acids ; (3) from dibromo- and ^^5odibromo- 
succinic acids and potassium iodide ; (4) S3mthetically from dichloro- 
or dibromoacetic acid and silver malonate ; also from glyoxylic acid 
and malonic acid by heating them with pyridine (Ber. 34 , 53) ; 
(5) from maleic acid (see the conversion of fumaric and maleic acids 
into each other, p. 567) ; ((>) by boiling with water bromosuccinyl 
bromide, the reaction product of phosphorus and bromine on succinic 
acid (Ber. 23 , 3757). 

Properties, — It is almost insoluble in cold water, but crystallizes 
from hot water in small, white needles. It sublimes at 200°, and at 
higher temperatures decomposes, forming maleic anhydride and water. 

Salts. — The silver salt, C4H204Ag2, is very insoluble ; it is fairly stable under 
the influence of light ; barium salt, C4H204Ba + 3H2O, consists of prismatic 
crystals, which effloresce and when boiled with water change to C4H204Ba — a 
salt that is practically insoluble in water. 

Esters. — The fumaric esters are formed (1) from the silver salt and alkyl 
iodides ; (2) from fumaric acid, alcohols and hydrochloric acid ; (3) from the 
esters of monobromosuccinic acid by the action of pyridine or quinoline (C. 1905, 
1. 25) ; by the slow distillation of malic and acetyl malic esters (Ber. 22, R. 813) ; 

(4) from maleic esters (see interchange between fumaric and maleic acids, p. 507) ; 

(5) by heating diazoacetic esters (Ber. 29, 763). 

Methyl ester, C2H2(C02CH3)2, m.p. 102°, b.p. 192° ; ethyl ester, b.p. 218° (Ber. 
12, 2283). Bromine unites with fumaric esters to form dibromosuccinic esters. 

Many other substances have the power of adding themselves to them, r.ry. 
sodium acetoacetic ester, sodium malonic ester (Ber. 24, 309, 2887, R. 636), 
sodium cyanoacetic ester (Ber. 25, R. 579), diazoacetic ester (above) phenyl 
azoimide, etc. 

Fumaryl chloride, COCl-CH : CH-COCl, b.p. 160°, is produced when PCI 5 or 
phthalyl chloride (Vol. II) acts on fumaric acid (Ber. 18, 1947 : C. 1906, II. 19). 
Bromine converts it into dibromosuccinyl chloride (Ann. Suppl. 2, 86) ; and 
with sodium peroxide it yields Jumaric peroxide, C4H2O4, a white powder, explod- 
ing at 80° (Ber. 29, 1726). 

Fumaramic acid, CONH2'CH : CH-C02H, m.p. 217°, is formed when aspara- 
gine is acted on by methyl iodide and potassium hydroxide (Ann. 259, 137). 
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Fumaranikic, CONHgCH : CH-CONH^, m.p. 266° (Ber. 25 , 643). p2^6 

converts it into fumaronitrile (J.A.C.S., 40 , 970). 

F'limarhydrazidc, NHaNH-CO-CH : CH-CO-NHNHg, m.p. 220° (decomp.). 
Fvwarazide, NgCO-CH : CH-CONg, is crystalline. It explodes easily, and when 
boiled with alcohol yields acetylonediurethane, ROCONHCH : CHNHCOOR 
(Ber. 29, R. 231). 

Funiaranilic acid, CjjHgNH-COCH : CH-COgH, m.p. 231°, is formed from the 
corresponding chloride and water. Furnaranilic chloride, CeHgNH-CXl-CH 
CH-(X)CI, m.p. 120°, crystallizes from other in transparent, strongly refracting, 
sulphur-yellow coloured prismatic needles or plates. It is produced when aniline 
acts on fumaryl chloride in excess. Fumardianilide, CeHgNHCOCH : CHCONH- 
CgHg, m.p. 234° (decomp.) (Ann. 239 , 144 : C. 1906, II. 19). 

Maleic acid, C4H4O4, m.p. 135°, b.p. 160°, with decomposition 
into maleic anhydride and water. Its anhydride is formed as men- 
tioned under fumaric acid : (1) By the rapid heating of malic acid. 

(2) In the slow distillation of monochloro- and monobromosuccinic 
acid, as well as acetylmalic anhydride at the ordinary pressure. 

(3) By the action of PCI5 on malic acid (Ann. 280, 216). 

(4) Maleic acid is formed synthetically, in small amount, when 
silver or sodium acts on dichloroacetic acid and dichloroacetic ester. 

(5) Maleic acid is obtained on decomposing trichlorophenomalic 
acid or ^-trichloroacetylacrylic acid (p. 481) with barium hydroxide 
solution. Chloroform is produced at the same time. 

(6) From quinone (Vol. II) by oxidation with silver peroxide 
(Ber. 39 , 3715) : 

CHCOCH CHCOOH 

II !! ^ II + 2CO2. 

CH-CO-CH CHCOOH 

(7) From fumaric acid (see p. 567). 

Properties . — Maleic acid crystallizes in large prisms or plates, is 
very easily soluble in cold water, and possesses a peculiar, disagree- 
able taste. 

Salts. — C4H204Ag2 is a finely divided precipitate. It gradually changes to 
large crystals. C^HgO^Ba + H2O is soluble in hot water, and crystallizes well. 

The esters result from the ttction of alkyl iodides on the silver salt. Methyl 
ester, C2H2(C02-CH3)2, is a liquid, b.p. 205° ; ethyl ester, b.p. 225°. When heated 
with iodinf* they change for the most part into fumaric esters. 

CHCOv 

Maleic anhydride, II yO, m.p. 53°, b.p. 202°, is produced 

CHCO/ 

(1) by distiUing maleic or fumaric acid alone, or more readily (2) with 
acetyl chloride or P2O6 (Ber. 37 , 3722) ; (3) by the distillation of 
monochloro- and monobromosuccinic acids, and also of acetomalic 
anhydride (Ann. 254 , 155) ; (4) when PCI 5, P2O6 and POCI3 act on 
fumaric acid (Ann. 268 , 255). It is purified by crystallization from 
chloroform (Ber. 12 , 2281 : 14 , 2546). It consists of needles or 

prisms, having a faintly penetrating odour. It regenerates maleic 
acid by union with water, and forms isodibromosuccinic anhydride 
when heated with bromine (c/. Asparagine, p. 609). 

Maleic chloride (Ber. 18 , 1947 ; C. 1906, II. 20). 

CHCONH2 CHC(0H)NH2\ 

Maleinainic acid, || or |1 \0, m.p. 153°. Its ammo- 

CHCOOH CHCO / 


nium salt results when ammonia acts on maleic anhydride. Aqueous potassium 
hydroxide converts the acid into maleic acid, whereas fumaric acid results when it 



UNSATURATED DICARBOXYLIC ACIDS 


567 


is treated with alcoholic potassium hydroxide. Maleiyimethylamic acid, m.p. 149" 
(Ber. 29, R. 653). 

Maleinimide, C2H2(CO)2NH, m.p. 93", is produced when pyrrole is oxidized 
by chromic acid mixture. It sublimes when heated (C. 1904, II. 305). 

CKCONHCeHg CHC(OH)(NHCeH5)v 
MalvimitrlUc acid, |1 or H \0, m.p. 187", is 

CHCOOH CHCO / 

formed when aniline acts on an ethereal solution of maleic anhydride. Heated 
under greatly reduced pressure it splits into maleic anhydride and aniline, which 
reunite in the receiver to maloinanilic acid. Alcoholic potassium hydroxide and 
barium hydroxide solution convert, it into fumaric acid (Ann. 259, 137). 
CHCOn 

Malcirianil, 1| NNCpllg, m.p. 91", results upon heating aniline malate, in 
CHCO/ 

the form of bright yellow needles. It combines readily with aniline, forming 
phenyl asparaginanil (Ann. 239, 154). Maleindianilidc, m.p. 175° {C. 1901, 

I. 171). 

CHC^NNH^ 

^-Afniyionmleinimidc, 11 \ iiio • v. • j r i • 

CHCO-^^^’ m.p. Ill , 18 obtained from rnaleic 

anhydride and hydrazine hydrate in alcohol. When its solution is heated it 

CHCONH 

changes to male in hydrazide, ll | , consisting of white crystals, which do 

CHCONH 

not melt at 250°. It is a strong acid. 


Reactions of Furrmric a7id Maleic Acids 

1. Acetylene is formed when the alkali salts of these acids are electrolysed 
(p. 109). 

2. Sodium amalgam, or zinc, reduces them both to succinic acid. 

3. When heated to 100° with sodium hydroxide both acids change to inactive 
malic acid (Ann. 269, 76), whilst malic acid is changed into fumaric acid when 
boiled with sodium hydroxide solution (p. 005). 

4. Fumaric and maleic esters react with sodium alcoholates to form alkyl- 
hydroxy -succinic acids (Ber. 18, R. 536). 

5. Bromine converts fumaric acid, its ester and chloride into dibromosuccinic 
acid, its ester and chloride, and maleic anhydride into fwdibromosuccinic anhy- 
dride (c/. J.A.C.S. 47, 1067, 1402). 

6. Potassimn permanganate oxidizes fumaric acid to racemic acid and maleic 
acid to mcwtartaric acid (Ber. 14, 713 : see also J.A.C.S. 47, 1412). 


Conversion of Fumaric and Maleic Acids into each other 

1. When fumaric acid is heated, or treated with PCI5 , POCIb and PbOb (Ann. 
268, 255: 273, 31) it yields maleic anhydride. 

2. Maleic acid changes to fumaric acid : 

(а) When it is heated alone in a sealed tube to 200° (Bor. 27, 1365). 

(б) By the action of cold HCl, HBr, HI and other acids ; also SOg and HjS 

(Ber. 24, R. 823), (Bor. 33, 3241), as well as by the action of bromine in 

sunlight (Ber. 29, R. 1080). 

(c) On heating maleic ester with iodine fumaric esters result. 

(d) Alcoholic potassium hydroxide changes maleinamic and maleinanilic acids 
to fumaric acid. 

(For theoretical considerations of interconversion of maleic -> fumaric acid, 
see J.A.C.S. 47, 1067, 1402.) 


The Isomerism of Fumaric and Maleic Acids 

The view generally accepted as to the cause of the isomerism of 
these two acids was presented in the introduction, under the section 
relating to the geometrical isomerism of the ethylene derivatives 
(p. 41). In conformity with this representation we find in maleic 
acid, readily forming an anhydride, an atomic grouping which follows 
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the cis- configuration, according to which the carboxyl groups are so 
closely arranged with reference to each other that the production of 
an anhydride follows without difficulty. Fumaric acid is not capable 
of forming an anhydride, hence it has the trans- or axial symmetrical 
structure. 

These space-formulae satisfactorily represent the intimate con- 
nection existing, as shown by Kekul6 and Anschutz, between fumaric 
and racemic acids, and maleic and inactive tartaric acids. According 
to the van ’t Hoff-Le Bel view of these four acids, the oxidation of 
fumaric to racemic acid by means of potassium permanganate and 
maleic to tartaric acid, may be shown by the following formulae, 
which have a spacial significance (c/. p. 41) : 

CO2H COoH 


H— C— CO2H H— *C— OH HO— *C— H 

2 II + 20 -f 2H2O == I + I 

CO2H— C— H HO— *0— H H— *C— OH 

I I 

CO2H CO2H 

Fumaric acid. Dextro-tartarlc acid -f Lrovo- tartaric acid 

= RAcemlc acid. 

CO2H 

I 

H— C— COjH H— *C— OH 

11 4- O 4“ H 2 O — 1 

H— C— CO2H H— *C— OH 

I 

CO2H 

Maleic acid. 7we«oTartaric acid. 

The oxidation of the two acids, based on stereochemical formulae, 
is so represented that upon severing the double linkage in fumaric 
acid by the addition of hydroxyl groups an equal number of mole- 
cules of dextro- and laevo- tartaric acid results, whilst by the rupture 
of the double linkage in maleic acid only me-sotartaric acid is formed. 

Cognizant of this view, J. Wiblicenus has sought to explain the conversion of 
maleic* into fumaric acid by hydrochloric acid in the following manner : In these 
two acids the two double-linked carbon atoms cannot rotate independently of each 
other, consequently not in opposite directions ; but when the double union is 
romoved by the addition of two univalent atoms, then free rotation at the single 
bond can occur. Accordingly, J. Wislicenus’ explanation proceeds, in his own 
words, as follows ; “ On account of the extreme ease with which maleic acid, 
in contrast to fmnaric acid, lends itself to the formation of addition products 
(Bor. 12, 2282), it first absorbs the elements of the mineral acids {e.g., HCl), and 
becomes converted into a substituted succinic acid, which, under the directing 
infiuenco of the greater affinities, assumes the preferred configuration (in which 
similar groups are as far romoved from each other as possible) by the rotation 
of the one system in opposition to the other, and then by the loss of HCl, under 
the infiuenco partly of the water which is present and partly of the slight solubility 
of fumaric acid, the latter acid must result.” 


H— C— CO2H +HC1 

|i 

HCICO2H 

\l/ 

C 

V 1 

Cl CO2H H 

c - HCl 

y 1 y 

CO2H— C— H 

II 

H— C— CO2H 

H— C~C 02 H 

^ 1 

C 

^ 1 ' 

c 

Maleic acid. 

HHCOjH 

MonochloroBUCcinIc acid 

Fumaric acid. 


previous to 
rotation 

after rotation 
in the preferred position. 
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This explanation of Wislicenus is, however, not satisfactory, as the mono- 
chlorosuccinic acid postulated as an intermediate is known in the free condition, 
and under the above reaction conditions yields no fumaric acid (Anschutz, Ann. 
254, 168). Many other facts are not in agreement with the above explanation 
(cf. Bor. 20, :r,m : 24, R. 822 : 24, 3620 : 25, R. 418 : 26, R. 177 : Ann. 
259, 1 : 280, 226 : J. pr. Chern. [2] 75, 105 : cf. Z. physik. Chem. 48, 40). 

Attempts have also been made to represent the isomerism of fumaric and 
maleic acids structurally, fumaric acid being represented as ethylenedicarboxylic 
acid (I), while maleic acid is represented as the y-dihydroxylactone (II) : 


H-CCOOH 


COaHCH 
Fumaric acid. 
(I) 




OH 


HC-Cf-OH 

II >o 

H CO/ ^ 

Maleic acid. 
( 11 ) 


However, even this view, as yet, does not afford a satisfactory explanation of 
the reactions by which these acids are converted into each other. Consult 
Ann. 461, 165, for the history of the isomerism of fumaric and maleic acids. 
The various ideas as to the cause of the isomerism of fiunaric and maleic acids 
are connected with the question as to the nature of the double linkage (p. 44). 

Finally, attention may be directed to the difference in the heat of combustion 
of the acids. This would indicate that the energy present in the acids, in the form 
of atomic motion, is markedly different. “ This fact suggests the possibility that 
the cause of the isomerism is not to be sought exclusively in the varying arrange- 
ment of the atoms, nor in their different spacial positions, but also in the varying 
magnitude of the motion of the atoms (or atom complexes).” “ It is also possible 
to imagine a case in which the isomerism would only bo influenced by the differ- 
ence in energy content — a case in which there might be perfect similarity in link- 
age and also in the spacial arrangement of the atoms.” 

In addition to structural and spacial isomerism, there is the hypothesis of 
energy ot dy'namical isomerism {Tanatar^ Ann. 273, 54 : Ber. 11, 1027 : 29, 1300), 
to which this name is more applicable than to that to which attention has been 
drawn in connection with the -dialky Isuccinic acids (p. 549). Klinger 
proposes the name “ alloergatia ” (from ergasia or ergatia) for that type of iso- 
merism when molecules of the same weight and chemical construction contain 
unequal quantities of energy (Ber. 32, 2194). 


Halogen Derivatives of Fumaric and Maleic Acids 

Monochlorofumaric acid, C4H3CIO4, m.p. 192°, results (1) from tartaric acid 
and PCI 5 or PCI3 ; (2) from the two dichlorosuccinic acids ; (3) from acetylene- 
dicarboxylic acid and fmning hydrochloric acid. Monochhromuleic acid, m.p. 
106° ; anhydride, m.pp. 0° and 34°, b.p. 197°/760 mm.,b.p. 95°/25 mm., is pro- 
duced when acetyl chloride acts on chlorofumaric acid, and when isodichloro- 
succinic anhydride is heated (Ann. 280, 222). 

Monohromofumaric acid, C4HgBr04, m.p. 179°, is produced from acetylene- 
dicarboxylic acid and HBr ; and from ^.wdibromosuccinic acid and boiling water. 
Monobromomaleic acid, m.p. 128°, is formed when dibromosuccinic acid — the 
addition product of bromine and fumaric acid — is boiled with water ; ester, b.p. 
140°/12 mm., is prepared from dibromosuccinic ester and quinoline (C. 1905, 
I. 26) ; anhydride, b.p. 215°, is prepared by heating isodibromosuccinic anhydride 
and dibromosuccinic acid, either alone or with acetic anhydride or acetyl chloride. 
The action of HBr is to produce bromofumaric acid and some dibromosuccinic acid. 
Monoiodo fumaric acid, m.p. 183° (Ber. 15, 2697). 

Dichloromaleic acid, C4CI2H2O4, results when hexachloroci/c^ohexenedione, 
~ CCl perchloroacetylacrylic acid, CCl3C0 CCl=CCl-C02H 

(p. 481), are decomposed by sodium hydroxide (Ann. 267, 20 : Ber. 25, 2230). 
On the application of heat it passes into the anhydride, C2Cl2(C0)20, in.p. 120 . 
PCI5 converts succinic chloride into two isomeric dichloromaleic chlorides (Ber. 
18, R. 184 : C. 1900, I. 404). Its imide, CaCyCOg^gNH, m.p. 179°, is obtained 
when succinimide is heated in a current of chlorine. One molecule of PCI 5 
changes the imide to dichloromaleinimide chloride (1), m.p. 148°, which is also 
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formed from PCI 5 and succinimide. Aniline converts it into dichloromaleinimide 
anil (2), m.p. 152^. Two molecules of PClg transform dichloromaleinimide into 
jicntachloropyrrolc (3), b.p. 90-5°/10 mm. : 

CCl— CCl2\ CClCfNCeHs)^ CCla-CCk 

(1) II >NH (2) II 3NH (3) II >N 

CCl— CO X CCl-CO CCI CCI2/ 


Diehl orornalcin anil^ C2Cl2(CO)2NCeH5, m.p. 203°, is formed when dichloro- 
malein anil chloride is boiled with glacial acetic acid or water. 

Diehlorotnalein anil chloride^ m.p. 124°, b.p. 179°/11 mm., is produced, together 
with tctrachloro-^-ph€nylpyrroU\ m.p. 93°, on treating succinanil with PClg. 
By reduction it yields S-anilidobutyrolactam (see Succinimide, p. 552). Alcohols 
convert it into dialkyl esters: dicMoromalein anil dimethyl ester ^ m.p. 110°; 
whilst with aniline it yields dichloronialehi dia^iily m.p. 187° (Ann. 295, 27) : 


CH2CO 

I >nc,h,- 

CHjCO 

.Succinanil. 


CCICCI2 
II >NC.H 
CCICO 

Dichloronialcinanil 

chloride. 


H 

6 ^ 



CH2- CH2 
I >NC.H, 
CHj— CO 

.yPhcnylbutyrolactam. 


I CCl -CCl 

I >nc,h, 

CCl -- CCl 

JV’-Phcnyltetrachloropyrrolc, 


iCChC(OCH3)2 

II >N-C.H5 

CCICO 

Dichloromalein anil 
dimethyl ester. 


CClC-NCeHa 

II >nc,h, 

CCl-CO 

Dichloromalein dianil. 


Dibrom/ymaleic acid, C2Br2{C02H)2, m.p. 120-125°, is obtained by acting 
on succinic acid with Br (C. 1900, 1. 404), or by the oxidation of mucobromic acid 
with bromine water, silver oxide or nitric acid. It is very readily soluble, and 
readily forms the anhydride, C2Br2(C0)20, m.p. 115° (Ber. 13, 736). Chlorobromo’ 
maleic acid, see Ber. 29, R. 186. 

Dibromofmnuric acid, m.p. 219-222°, and di-iodofumaric acid (decomp, at 
192°), are addition products of bromine and iodine with acetylenedicarboxylic acid 
(Ber. 12,2213 : 24,4118). Chloriodofnrnaric acid, m.p. 221° (docomp.), unites with 
chlorine to form an iodosochloride (1) (c/. p. 164). It reacts with alcohol, losing 
CO2 and forms chloroacrylic acid iodosochloride (2) ; which, with hot water, 
yields iodosochloroacrylic acid (3) ; and finally this, with glacial acetic acid to form 
iodosochloroacrylic acid acetate (4) (Ber. 38 , 2842) : 


CIC— CO. 

(1) li >0 

HOCOCM(Cl)X 
CIC— CO V 

^:i) li >0 

HCI(OH)X 


> ( 2 ) 

(4) 


CIC— CO\ 

II >0 

HCI(Cl) X 

CIC CO 

II 

HCI(0C0CH3) 



> 


Acids, C3H4(C00H)2 

In addition to ethylidenemalonic acid already described (p. 564) 
and three c^cZopropanedicarboxylic acids, there are four unsaturated 
dicarboxylic acids of this formula, itaconic, citraconic, mesaconic and 
glutaconic acids. The first three of these acids are closely related. 
Mesaconic and citraconic acids are respectively the trans- and cis- 
acids, methylfumaric and methylmaleic acids, while itaconic acid, 
methylenesuccinic acid, though structurally different, is closely related 
to them, and the double bond between the a- and )5-carbon atoms 
of the first two acids can shift under certain conditions to the 
position of itaconic acid and vice versa. Citraconic anhydride is 
more readily obtained from citraconic acid than maleic anhydride 
from maleic acid and combines less readily with water than the latter : 
heating of citraconic acid under reduced pressure at 100° is sufficient 
to bring about anhydride formation. The action of acetyl chloride 
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on mesaconic acid also yields citraconic anhydride 
fumaric acid yields maleic anhydride : 

more readily than 

CHg-C-COOH 

HOCOCCH3 

CHg-COOH 

II 

H-C-COOH 

II 

HCCOOH 

1 

C-COOH 

II 

(Jitraconic acid. 

Meaaronic acid. 

II 

OH, 

Itaconic acid. 


Glutaconic aciid is structurally different from the above, and has 
the formula COOH CH : CH CH 2 COOH (see p. 576). 


CHj=C— COOH 

Itaconic acid, incthylenGsuccAnic acid, \ , m.p. 1()1°, is })ro- 

CH2COOH 

(iuoed from its anhydride by combination with water ; or by heating citraconic 
anhydride with 3 to 4 parts of water at 150°, wiiereby the citraconic anhydride is 
first transformed into itaconic anhydride which is then converted into the acid. 
It is not volatile in steam. Hydrogen converts it into pyrotartaric acid, and per- 
manganate into hydroxyparaconic acid (g.u.) (Ann. 305, 41). When electrolysed 
it yields allone, CHg — C =CH2 (p. 114). When boiled with aniline it forms pseudo- 
itaconanilic acid, the lactam of y-anilinopyro tartaric acid (p. Oil) (Ann. 254, 
129). On the addition of HBr and see pp. 554, 555. 

Itaconic dim, ethyl ester, m.p. 38°, b.p. 108°/11 mm., when not quite pure, poly- 
merizes into a glassy variety possessing a strong refractive index (Bor. 14, 2787 : 
Ann. 248, 203 ; Bor. 38, 691). Itaconic mmto-csters (Bor. 30, 2649). 

CHg-C -00\ 

Itaconic anhydride, | \0, m.p. 68°, b.p. 146°/30 mm. Its 

CHjj— CO/ 

name is formed by interchanging the syllables of aconitic acid. Itaconic anhy- 
dride is obtained from the hydrate (Ber. 13, 1539), and from the silver salt by 
means of acetyl chloride (Per. 13, 1844). It has been found in the distillate 
obtained when citric acid is heated (Ber. 13, 1542), and is probably produced by 
the decomposition of the aconitic acid which is first formed. It crystallizes from 
chloroform. When distilled at ordinary pressures it passes into citraconic 
anhydride, which unites with water far less readily than itaconic anhydride. 

Ttaconanilic acid, m.p. 151-5 (Ann. 254, 140). 

Citraconic acid, methylrnaleic acid, m.p. 91°, is formed when its anhydride 
takes up water. The acid itself is soluble in water. Its volatility in steam is 
due to its decomposition below 100° into water and the anhydride which vola- 
tilizes. It resembles mesaconic acid in its behaviour towards KMn04 (below). 
CHgCCOx 

Citraconic anhydride, || ^O, m.p. 7°, b.p. 213°, is found among the 

HCCO/ 

distillation products of citric acid, probably through the transformation of the 
first-formed itaconic anhydride. It is formed when citraconic acid or mesaconic 
acid is heated alone ; and when treated with acetyl chloride. Prolonged heating 
at about 200° changes it partly into xeronic acid or diethylmaleic anhydride 
(p. 574). Bromocitraconic aiihydride, m.p. 99° (Ber. 27, 1855). Citraconeins 
are pigments prepared by the condensation of citraconic anhydride and phenols 
by the action of SnCl4 (see Q.J. Indian Chem. Soc. 4, 253). 

Hydrogen converts citraconic and mesaconic acids (below) into pyrotartaric 
acid. Addition products with halogens and halogen acids have been examined 
already as substitution products of pyrotartaric acid (p. 557). Either acid, 
when electrolysed, yields dllylene, CHgC^CH (p. 112). 

Citraconanilic acid, m.p. 153° (Ann. 254, 135). 

Citraconanil, m.p. 98° (Ber. 23, 2979 : 24, 314). 

Mesaconic acid, methylfnmaric acid, hydroxytetrinic acid, C3H4(C02H)2, 
m.p. 202°, is formed when citraconic or itaconic acid is heated with a small 
quantity of water at 200° ; by the action of sunlight on an ether-chloroform 
solution of citraconic acid, containing a trace of bromine ; by heating citraconic 
acid with dilute nitric acid, concentrated halogen acids, or concentrated sodium 
hydroxide solution (Ann. 269, 182 : Ber. 27, R. 412) (c/. a- and )3-MethylmaUc 
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acid, p. 611) ; and from dibromomethylacetoacetic acid (p. 476). It is 
soluble with difficulty in water, and is non-volatile in steam. KMnO^ oxidizes 
it to pyroracemic and oxalic acids (Ann. 305 , 407) ; barium salty CaH404Ba -f 
4H2O ; dimethyl ester y b.p. 203° ; diethyl eatery b.p. 229°. 

The relation between the results of partial hydrolysis and of esterification 
of the mesaconic acids have been investigated in detail. Hydrolysis of the 
di-alkyl ester yields a-mesaconic monomethyl estery m.p. 84°, and monoethyl 
ester y m.p. 68°, HOCO-CH : C(CH8)COOR ; whilst partial esterification yields 
a mixture of a-mesaconic acid esters and p-7nesaco7iic monomethyl estery m.p. 52°, 
and monoethyl estery m.p. 67°, HOCO*C(CH3) : CHCOOR. The structure of the 
latter bodies is demonstrated by their being prepared in a state of purity when 
y-dibromo-a-methylacetoacetic ester (p. 476) is boiled with water and barium 
carbonate. 

Mesaco7iyl chloridcy C10C*C(CH8) : CHCOCl, b.p. 65°/14 mm., reacts with two 
molecules of aniline and forms OL-mesacoimnilide acid chloride, C10C*C(CH3) 
CHCONHCeHg (Ann. 353, 139). 

Bro7no7nesaconic acid, m.p. 220° (Ber. 27, 1851, 2130). 

The homologues of itaconic, citraconic, mesaconic and aticonic acids have 
become known mainly by the painstaking investigations of R. Fittig and his 
co-workers (Ann. 304, 117 : 305, 1). 

The parent substances from which these acids are formed are the alkyl - 
paraconic acids (p. 612), which are prepared by condensation of aldehydes with 
succinic acid or pyro tartaric acid by means of acetic anhydride. On distillation 
they yield unsaturated monobasic acids, and anhydrides of two acids of the 
itaconic and citraconic series isomeric with the particular paraconic acid employed. 
If the alkylparaconic esters are warmed with sodium alcoholate in alcoholic 
solution they are converted into the sodium salts of the corresponding itaconic 
mono-esters, from which the acids themselves are obtained by hydrolysis (Ann. 
255 , 56 : 256 , 50). Thus, terebic acid and sodium ethoxide produce teraconic 
acid ; and similarly y-dimothylparaconic acid yields y-dimethylitaconic acid : 

CO2C2H5 CO2C2H3 

CH— CHj + NaOCjHj = pg»>C=C— CHj + C^HjOH 

O CO COjNa 

Alkylitaconic acids when heated alone are converted into the anhydrides of 
alky lei traconic acids. Alkylcitraconic acids become changed into alkylitaconic 
acids when heated with water at 130-150°. This depends on the decomposition 
of the alkylcitraconic acids into tinhydride and water below its boiling point, 
and the gradual transformation of this anhydride at a somewhat higher tempera- 
ture into the itaconic anhydride, which takes up water to form the stable acid. 

Thf' alkylcitraconic acids are easily converted into the corresponding alkyl- 
rnesaconic acids by the action of simlight on an ether-chloroform solution of the 
acids to which a little bromine has been added. 

When the alkylitaconic acids are boiled with sodium hydroxide solution, the 
position of the double bond becomes changed, and there are produced alkyl- 
mesaconic acids and a new series of isomeric acids named by Fittig, alkylaticonic 
acids (see p. 575). The reaction is, however, not a general one, since y-methyl- 
itaconic acid is stable towards boiling sodium hydroxide solution, whilst y-di- 
methylitaconic acid readily yields the aticonic acid (Ann. 330, 292). The alkyl- 
aticonic acids when boiled with sodium hydroxide solution pass mainly into the 
alkylitaconic acids, so that ultimately a point of equilibrium is reached which 
is not changed by further boiling. 

A mixture of alkylitaconic and alkylaticonic acids (or alkylidenepyrotartaric 
acids) also result from the condensation of ketones, such as acetone and alkyl 
methyl ketone, with succinic acid ester by means of sodium methoxide {Stobbe, 
Ber. 30 , 94 : Ann. 321 , 83). 

Aromatic itaconic and aticonic acids can be prepared by the two nucleus- 
synthetic methods (Vol. II). 

The alkylitaconic and alkylmesaconic acids are not volatile in steam like 
itaconic and mesaconic acids themselves, whilst of the alkylcitraconic acids, 
some are only obtained as anhydrides, and others are dissociated into the anhy- 
dride and water below 100°, like citraconic acid ; these anhydrides are volatile 
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in steam. The calcium and barium salts of the alkylmesaconic acids are readily 
soluble in water, whilst the corresponding alkylitaconic acid salts dissolve with 
difficulty. 

The itaconic acids are converted into the paraconic acids, from which they 
were prepared, by heating with hydrochloric or hydrobrornic acids and by suitable 
treatment with sulphuric acid. i^oPropylitaconic acid alone behaves exception- 
ally, by yielding i/?opropyK6toparaconic acid, isomeric with the original isopropyl - 
paraconic acid : 


CO^H 

rjfT . I pXT IhOpTT 

C— CH— CH2|->^g3^CH-CH-C— 


0 


-CO 


/soPropylparacoiik' acid. 


CH2CO/ 
'/soPropylitaconic anhydride. 

CO. 

II \q 

CHCO/ 

i^oPropylcitraconic anhydride. 


CH, 


CH. 


CH 


>CHCH-C— CO2H 

I 

CH2C()2H 

/«ol’ropylitaconic acid. 

“>CCH,~CHCH,CO,H 


1 I 

O CO 

u'oPropyluoparaconic acid. 


Reduction with sodium amalgam converts the alkylitaconic, alkylcitraconic, 
and alkylmesaconic acids into the corresponding succinic acids, the first acid 
reacting least readily than the third, and the second most easily of all three. 

Homologous Itaconic Acids. 

y-Methyliiaconic acid, CHg-CH : C(COOH)*CH2*COOH, m.p. 105°. y-Ethyl- 
itaconic acid, m.p. 102°. y-n-Propylitaconic acid, m.p. ir)9°. y-isoFrojjyl- 
itaconic acid, m.p. 189°. y -mo Butylitaconic add, m.p. 100°. y-n- II eocy I itaconic 
acid, m.p. 129°. Teraconic acid, y-dimethylitacmiic acid, (CH3)2(^ : C(COOH)'- 
CH2(C00H), m.p. 162°, is prepared from terebic acid (p. 012, and Vol. II) ; and 
by the condensation of succinic ester and acetone by means of sodium ethoxide 
(Her. 36, 197 : J. pr. Chem. [2] 67, 197). Hydrobrornic or sulphuric acid 
reconverts it into terebic acid ; water at 190° decomposes it into CO2 and iso- 
caprolactone (C. 1889, i. 780) ; anhydride, b.p. 275°. y-M ethyl ethylitaconic 
acid, m.p. 181° (decomp.). 

ol-M ethylitaconic acid, CH2 ; C(COOH)*CH(CH3)-COOH, m.j). 150°, is obtained 
from pyrocinchonic acid (below) ; anhydride, m.p. 03°, is produced by heating 
anhydromethylaconitic acid (C. 1906, 11. 21). 

OLOL-Dimethylitaconic acid, CHg : C(COOH)*C(CH3).,-COOH, m.p. 141°, is pre- 
pared from a-bromotrimethylsuccinic acid and diethylaniline ; anhydride, b.p. 
210-215° ; diethyl ester, b.p. 127°/20 mm. (C. 1902, 1. 180 : 1904, I. 434). 

OLy-Dimethylitaconic add, CH3CH ; C(COOH)-CH(CH3)COOH, m.p. 202° 
{anhydride, b.p. 131°/20 mm.), and ct- ethylitaconic acid, CHg : C(COOH)-CH- 
(C2H5)C00H {anhydride, m.p. 52°), result from boiling methylethylmaleic acid 
(p. 574) with sodium hydroxide solution ; the former also, from ay-dimethyl- 
paraconic acid by boiling it with NaOCoHg solution (Bor. 39, 1535). The alkyl- 
itaconic acids mostly have no sharp melting points, owing to their tendency to 
form anhydrides. 

Homologous Citraconic Acids, Alkylmaldc Acids. 

y-Meihylcitraconic acid, ethylrnaleic acid, C2H5*C(COOH) ; CH-COOH, m.p. 
100°, can also be obtained by heating j3-ethylmalic acid (Bor. 37, 2382 : 38, 
2737) ; anhydride, b.p. 229°, is obtained from ethylfumaric acid (p. 574) by 
heating it with acetyl chloride. When vaporized with ammonia it forms the 
imide, m.p. 141°. y-Ethylcitraconic acid, n-propylnmleir add, m.p. 94° ; anhy- 
dride, b.p. 224°. y-Propylcitraconic acid, m.p. 80°. y -mo P ropy Icitraconic acid, 
m.p. 78°. y-moButylcitraconic acid, m.p. 75°. y-Hexy Icitraconic acid, m.p. 86°. 

(CH3)2CH-C— COv 

y-Dimethylcitraconic anhydride, || 7O, m.p. 5°, b.p. 138°/61 

CH-CO/ 

mm. (C. 1899, I. 668, 780). 

The y-alkylcitraconic acids or monoalkylmaleic acids do not melt sharply 
on accoimt of the formation of anliydrides. The a-alkylcitraconic or dialkyl- 
maleic acids only exist as anhydrides, which are formed when the acid is liberated 
from its salts by stronger acids. 
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Pyrocinchonic anhydride, dimeihylmaleic anhydride, cL-methylcitraconic anhy- 

CHgCCOv 

dridc, (I yO, m.p. 96°, b.p. 223°, is formed when cinchonic acid (q.v.) is 
CHa-CCO/ 
heated : 


COgH 

I 

CHa-CH- CH COaH 

I I 

CO— O— CHj, 
Cluehonic acid. 


-H,0 



- CO, 


cooco 
I I 

CH,C=C 

I 

CH, 

Pyrocinchonic anhydride. 


It also results, together with terebic acid, when turpentine oil is oxidized with 
nitric acid ; from a-dichloro- and a-dibromo -propionic acid and silver (Her. 
18, 826, 835) ; by condensation of pyroracemic acid and sodium succinate by 
means of acetic anhydride (Ann. 304 , 158) ; by distillation of ajS-dimethylmalic 
acid (p. 611) imder reduced pressure (a method of preparation) ; by distillation 
of anhydromethylaconitic acid (C. 1906, II. 21). 

Dimethylmaleic dimethyl ester, b.p. 219°, and diethyl ester, b.p. 237°, are pre- 
pared from silver pyrocinchonate and iodo-alkyls (Ber. 33 , 1410). The solution 
of pyrocinchonic anhydride reacts strongly acid and decomposes alkali salts 
forming pyrocinchonates, the constitution of which has already been dis- 
cussed. Ferric chloride produces a dark-red coloration in pyrocinchonic 
anhydride solutions. Reduction produces two dimethylsuccinic acids (p. 549). 
It unites with chlorine to form dichlorodimethylsuccinic anhydride (Ber. 26, 
R. 190). When boiled with 20 per cent, sodium hydroxide solution, pyrocin- 
chonic acid is converted into dimethylfumaric acid and )3-methylitaconic acid 
(Ann. 304 , 156). Pyrocinchonic ester, when heated with alcoholic ammonia, 
yields aminodimethylsuccinimide (p. 611) and pyrocinchonimide, m.p. 119° 
(Ber. 33 , 1408), which on hydrolysis yields, in part, ^-methylitaconic acid. 

Methylethylmaleic anhydride, b.p. 236°, is formed by condensation of pyro- 
tartaric acid and pyroracemic acid, by moans of acetic anhydride (Ann. 267, 214) ; 
by distillation of ay-dimethylparaconic acid whereby a-methyl-/5y-pentinic acid 
is also formed (Ber. 39 , 1535) ; by the slow distillation of methylethyhnalic acid ; 
imide, m.p. 67° ; dimethyl ester, b.p. 235°. The imide and anhydride can also be 
obtained from the destruction of haematin or hsematinic acid (see hsemoglobin) 
(Ann. 345 , 1). 

Methylpropyhttaleic anhydride, b.p. 242° {imide, m.p. 57°) and 7nethyliso- 
propylmaleic anhydride, b.p. 241° {imide, m.p. 45°) are obtained from methyl- 
propyl and methylisopropylmalic acid (Ann. 346, 1). 

Xeronic anhydride, diethyl maleic anhydride, b.p. 242°, is prepared by heating 
citraconic anhydride (Ann. 346 , 1 ). 

Homologous Mesaconic Acids, Alkylfumaric Acids . — For the formation of 
alkylmcsaconic acids from the corresponding alkylitaconic and alkylcitraconic 
acids, see p. 572. 

The products of reaction of alcoholic potassium hydroxide and the y-dibrorno- 
derivatives of monoalkylacetoacetic esters belong to the alkylfumaric acid series 
(C. 1899, I. 780) ; hydroxytetrinic acid being mesaconic acid, and hydroxy- 
pentinic acid being ethylfumaric acid, etc. (p. 476). 

The reaction is most simply explained by the assumption that keto- or 
hydroxyaldehydic acids are first formed, which are then converted into unsaturated 
carboxylic acids (Ber. 32 , 1005) : 


XjjCH-COCHR'-COgR OCH CO-CHR' COjR 

◄ ■ 

0 CH-C(0H)=CR'-C02R CO*H-CH : CR' COaR. 

Monoalkylfumaric acids are also obtained from monoalkylethanetricarboxylic 
acids by the introduction of halogen and subsequent splitting off of halogen acid 
and CO, (Ber. 24 , 2008). 

Ethylfumaric acid, y-methylmesaconic acid, m.p. 194°. n. - Propyl fumaric acid, 
y-ethylmesaconic acid, m.p. 174°. isoPropylfumaric acid, y-dimethylmesaconic 
acid, m.p. 184°. n,-Butylfumaric acid, y-jrropylmesaconic acid, m.p. 170°. y-iso- 
Propylmeaaconic acid, m.p. 185°. y-moButylmesaconic acid, m.p. 205°. y-HexyU 
mesaconic acid, m.p. 153°. 
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Dirwihylfumaric acid, x-methylmesaconic acid, m.p. 239° ; diethyl eater, b.p. 
235 , is formed when diazopropionic ester is heated (p. 455) (Ber. 37, 1272). 

Aticonic Acids. For the formation of these acids from the alkylitaconic 
acids by synthetic methods, see p. 572. Dimethylaticonic acid^ y-mothyl-^^- 
butene-ajS-dicarboxylic acid. CHg : C(CH3)-CH(CObH) CH2COOH, m.p. 146°, 
results when teraconic acid is boiled with sodium hydroxide solution. i&oJButyl- 
aticonic acid, e-methyl- J'>'-hexene-aj3-dicarboxylic acid, (CH3)2CH*CH : CH-CH- 
(C00H)-CH2(C00H), m.p. 93°. Hexylaticonic acid, : CH-CH- 

(C00H)-CH2(C00H), m.p. 78° (Ann. 304, 117: 305, 1). Methylcthylaticonic 
acid, y-cthylidcnc-y-mcihyl'pyrotartaric acid, CHg-CH : C(CH8)-CH(COOH)-CH2- 
COOH, m.p. 142°, is the chief product of reaction between methyl ethyl ketone 
and sodium ethoxide on succinic ester. Oxidation converts it into acetic acid 
and Isevulinic acid (Ann. 321, 106). 

In indifferent solvents, the alky lat iconic acids readily take up bromine. The 
dibromidos, on losing HBr, change into the bromolactonic acids, which are con- 
verted by hydrogen into tsoparaconic acids, and by boiling water, or when 
standing in alcoholic solution, into the neutral dilactones : 


HOCO 

I 

CH 2 : C(CH3) CH - 


HOCOCH2 
Dimethylaticonic acid. 


HOCO 

I 

CH2BrCBr(CH3)CH 

I 

HOCOCH, 


O^ 

I 


-CO 

I 


CH2C(CH3)CH 

1 


O— COCH2 
i soHeptodilactone . 


The formation of dilactones requires that each of the two doubly bound carbon 
atoms shall stand in the y-position to one of the two carbonyl gi*oups (Ann. 304, 
135). This shows the alkylaticonic acids to be yS -unsaturated acids. It follows, 
therefore, that an aticonic acid isomeric with itaconic acid itself is theoretically 
not possible, since this acid lacks the 8 carbon atom. The aticonic acids can 
bo looked on as being vinylsuccinic acids, or can bo derived from pyrotartaric 
acid, considerations which are indicated in the names given to the dimethyl- 
aticonic acids. 

The dilactones, obtained from the aticonic acids through the bromolactonic 
acids, are converted by prolonged boiling in water into isomeric unsaturated 
lactonic acids, known as imconic acids. Sodium amalgam converts them into 
i^oparaconic acids, in the same way that the better-known aconic acids give 
paraconic acids. 

Glutaconic acid, COgH CH : CH*CH2’C02H, m.j). 132°, is prepared from 
dicarboxyglutaconic ester by hydrolysis with hydrochloric acid (Ann. 222, 249) ; 
from coumalic ester and barium hydroxide (Ann. 264, 301) ; from jS-hydroxy- 
glutaric acid (p. 614), and sodium hydroxide solution (Ber. 33, 1452). It is 
isomeric with itaconic, citraconic, mesaconic and ethylidene malonic acids. 

Constitution of Gdutaconic Acid and the Alky Iglu taco nic Acids. — Constitution- 
ally, glutaconic acid (II) occupies an intermediate position between fumaric (I) 
and muconic acid (III) : 

CH COOH CH COOH CH : CH COOH 

(I) II (11) II (HI) I 

CH COOH CH CH2 COOH CH ; CH COOH 

In consequence of the double linkage two storeoisomeric glutaconic acids 
would be expected. However, the fortuitous arrangement of the carboxyl 
groups, permitting of the formation of the favoured conjugated system, permits 
of an oscillation of the double bond as follows : 


COOH CH : CH CH2 COOH ” ^ COOH CH2 CH : CH COOH. 

This lability explains why only one form of glutaconic acid, presumably 
that favoured by energy considerations, is known {Feist, Ann. 428, 29). 

Stabilization of the glutaconic acid molecule occurs in the alkylglutaconic 
acids, in which the influence of one carboxyl group is strengthened by the pres- 
ence of the alkyl group. In the a-alkylglutaconic acids {q.v.) the double bond 
is fixed in the a/3-position, and geometrical isomers appear : they are also known 
in the majority of /3-alky Iglutaconic acids. It should be noted that reactions 
which should yield respectively an a- and y- alkylglutaconic acid actually yield 
the same substance : y-alkylglutaconic acids do not exist (see p. 576). 



576 


ORGANIC CHEMISTRY 


The zim salt is deposited from its boiling solution ; ethyl ester ^ b.p. 237®, is 
most readily obtained by distillation of /S-acetoxyglutaric ester (p. 614). Under 
certain conditions it polymerizes to a dimolecular substance which, on hydrolysis, 
yields diglutaconic acid [CsH4(C02H)2]2f m.p. 207®. This acid is also formed by 
hydrolysing the dimolecular isaconitic ester (q.v.), whilst the dimolecular 
glutaconicdicarboxylic ester (g'.v.) yields a diglutaconic acid, m.p. 234° (Ber. 34 , 
675). When warmed with sodium ethoxide two molecules of glutaconic ester 
unite with the loss of alcohol, and there is formed dicarboxyeyc\ohexenoneacetic 
ester (Ber. 37, 2113, cf. C. 1903, I. 960). 

Glutaconic anhydride, m.p. 82°, is formed when glutaconic and ^-hydroxy- 
glutaric acids are heated (Kekul(^) ; and from glutaconic acid and acetyl chloride 

(m.p. 87°, Ber. 27 , 882); tho imide, cia.-dioxy 2 >yridine, or 

N, m.p. 183°, is formed (1) from glutaconaminic acid ; (2) 

from glutaconamide, and (3) from jS-hydroxyglutaric amide, when these are 
heated with H 2 SO 4 to 130-140°. Na and CH 3 I react with it to produce glutaconic 
methylimide ; with nitrous acid it gives rise to a nitroso -compound ; when 
distilled over zinc dust pyridine is formed : PCI 5 produces pentachloropyridine, 
C 5 CI 5 N (see Constitution of Pyridine, Vol. II). 

^-Chloroglutaconic acid, m.p. 129°, is prepared from acetonedicarboxylic acid 
and PCI 5 (p. 623 ; cf. glutinic acid, p. 578). Tetrachloroglutaconic acid, m.p. 
109-110° (Ber. 26 , 2697). 

Homologous Glutaconic Acids. — ( 1 ) The alkylated glutaconic acids, 
similarly to glutaconic acid itself, are best obtained by lieating tho acetyl com- 
pounds of the alkylated )S-hydroxyglutaric acids {cf. C. 1903, 11. 1313). 

(2) The CH 3 -group of tho glutaconic ester is replaceable by alkyl groups by 
means of sodium or sodium alcoholate and iodoalkyls. A CHg-group linked to 
•CH : CH* and 'COOCjHs possesses the same reactivity as tho methylene group 
in a 1 : 3-diketo compound : 


CH 2 


: CHCOgR 
'-CO 2 K 

Glutaconic ester. 


and 


'-"2 \CO2R 
Malonic ester. 


The react ion with C 2 H 50 Na and CH 3 I not only converts glutaconic ester into 
aa-dimethylglutaconic ester, but also produces ay-dimethylglutaconic ester on 
account of the existence of tho two desmotropic forms 1 and 11 (see below) : 
further methylation results in the production of aay-trirnethylglutaconic ester 
(C. 1903, I. 1405): 

1. ROgC CH(CH 3 )— CH-OHCO 2 R and II. R02C-C(CH3) --CH— CH 2 CO 2 R 

I I 

RO,C C(CHs) CH = CHCOjR ROjC C(CH,) = CH— CH(CH 3 )COjR 

ROjCClCHa) =CH— C(CH3)2C02R. 

(3) The identity of the two desmotropic modifications HOgC CR^CH — CH 2 - 
CO 2 H and H 02 C-CHR — CH—CHCOgH is also demonstrated by the identity of 
the a) 3 - and ) 3 y-dialkylglutaconic acids, obtained by tho following syntheses : 
sodium cyanoacetic ester and acetoacetic ester produce sodium cyano-jS-methyl- 
glutaconic ester (1) ; CH 3 I converts this into a-cyano-ajS-dimethylglutaconic ester 

( 2 ) , which by hydrolysis and loss of CO 2 is changed into ajS- dime thy Iglutaconic 
acid (3). This substance is identical with the decomposition product of the con- 
densation of cyanoacetic ester and a-methyl acetoacetic ester (4), which should 
be similarly )Sy- dime thy Iglutaconic acid (5) (C. 1906, I. 183) ; 

CH3 CH3 CH3 

1 1 1 

(1) ROgC-CH^C— CNa(CN)C02R > (2) R 02 C-CH = C C(CN)C02R 

-4 

CH3 CH3 CH3 CH3 

11* II 

(3) HO 2 C CH-C CHCO 2 H = (5) HO 2 C C— -C— CH 2 CO 2 H 

CH, CH 3 CH, CH 3 CH 3 CN 

III III 

ROgC CH— CO -f CHNaCOgR > (4) ROgC C -=C CNaCOgR 
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The alkylglutaconio acids shows cia-trans isomerism. 

thff preparation of ^-alkylglutaconic esters depends 

, r . V sodioinalonate or sodiooyanoacetaie to compounds of 

the type of tetrolic ester (J. pr. Chem. [2] 49, 20). 

p-Methyl(jlMtaco7iic acid, homomcaaconic acid, HOoC-CH : C(CHoVCHoCOoH. 
Ci8 -form, 1 4 i , trana -lorm , 1 1 6"^, is prepared from cy ano - ^ -methylglutaconic 
^ carboxy-|3-methylglutaconic ester, (C02'R)2CH-C(CH8) 

L/JlCUgK ; and from isodehydracetic acid (lactone of ac i - acetyl- 6- glutaconic mono- 
ester, CHgClOH) : (C02R)-C(CH3) : CHCO^H). It can be split into the and 
trans-iorms. The cis-acid can be transformed into the tmn«-acid by boiling with 
strong alkali. The cis-acid forms as anhydride, m.p. H6° ; irnide, m.p. 194° 
(Ann. 345, 60). 

aj3- or Py-Dimethylglutaconic acid (see above), m.p. 148", is formed by the 
method (3), above ; also from )3-mothylglutaconic ester by the action of sf)dium and 
iodomethane (Ann. 345, 117) ; anhydride, b.p. 162"/25 mm. ; iinide, m.p. 189°. 

ai<x-Dimethylglutaconic acid, H02C C(CH3)2CH : CHCO2H, ci^-form, m.p. 134° ; 
trana-iovTCi, m.p. 172°, is prepared from a-dimethylglutolactonic acid (Ber. 33, 
1920) ; from jS-hydroxy-a-dimethylglutaric acid ; from glutaconic ester, sodium 
and iodomethane ; some oLy-dimethylglutaconic acid, m.p. 147°, is also formed 
(above) (C. 1903, II. 1315). 

OLOLy-Triynethylglutaconic acid, cis-iorm, m.p. 125°, trans-iorm, m.p. 150°, is 
formed from )3-hydroxytrimethylglutaric acid and by methylating ay-dimethyl- 
glutaric acid. The ci^-acid gives rise to an anhydride, m.p. 88°. 

OLQLp-Trimethylglutaconic acid, cis-ionn, m.p. 133°, trana-form, m.p. 148° (C. 
1903, II. 1315). oipy-Trimethylglv laconic acid, m.}). 127° ; anhydride, m.p. 119° ; 
imide, m.p. 180° (C. 1906, I. 185). 

Hydromuconic Acids. 


a)3-acid : C02H-CH2CH2CH-CHC0.2H, m.p. 109°, stable form. 
/3y-acid: C02H-CH2CH-:CH-CH2C02H, m.p. 195°, labile form. 

The labile acid is formed by the reduction of dichloromuconic acid or muconic 
acid (below), and of diacetylenecarboxylic acid (p. 578). It dissolves with 
difficulty in cold water, and is oxidized to malonic acid by potassium perman- 
ganate. When boiled with sodium hydroxide solution it is transformed into 
the stable acid, which is oxidized to succinic at^id by permanganate. Sodium 
amalgam converts the labile acid into the stable form and reduces this to adipic 
acid (p. 561). Dichlorides and dirnethylene ester (C. 1901, II. 1119). 

oi-Methyleneglutaric acid, CH2 : C(C60H)CH2 CH.2C0.yH, m.p. 129-130°, and 
(x-ethylidene-p-methylglutaric acid, CHg-CH : C(C02H)CH(CH3)CH2C02H, m.p. 
129°. The esters of these acids are obtained by the polymerization of acrylic 
and crotonic acids respectively (pp. 342, 344) by means of sodium alcoholate 
(Ber. 33, 3766 : 34, 427). a*Mothyloneglutaric acid is also formed by the dis- 
tillation of a-methyl-a-hydroxyvaleric acid (Ber. 36, 1202). Suitable methods of 
reduction convert these acids into a-methylglutaric acid and a-ethyl-)3-methyl- 
glutaric acid respectively. 

oi-Ethylideneglutaric acid, CH3CH : C(COOH)CIl2CH2C02H, m.p. 152°, see 
S-caprolactone carboxylic acid (p. 615). Sodium hydroxide solution converts 
it into oL-vinylglutaric acid, CHg : CH*CH(C02H)CH2CH2C02H, m.p. 97° (Ber. 
31, 2000). 

ieo Amy lideneglutaric acid, (CH3)2CHCH2CH : C(C02H)CH2CH2C02H, m.p. 
75°, is formed together with diiwvalerylidenoglutaric acid (see below). 

Allylsuccinic acid, CHg : CH-CH2CH(C02H)CH2C02H, m.p. 94°, is prepared 
from allyl ethane tricarboxylic ester (Ber. 16 , 333). AUylmethyl- and allylethyl- 
succinic acid, see Bor. 25 , 488. 


C. DIOLEFINE DICAKBOXYLIC ACIDS 

Diallylmalonic acid, (CH2 = CHCH2)2C(C02H)2, m.p. 133°, with hydrobromic 
CH2CH2CH2CCH2CH2(ni2 

acid yields a dilactone, 1 A | . It breaks down into 

o CO CO o 

CO„ ajid diallylacetic acid when heated (p. 354). 

Muconic acid, COaHCH-^CH— CH^CHCOaH, m.p. 292° (decomp.) 
{Configuration, see Ber. 49 , 999, and Ann. 418 , 294), is formed when alcoholic 
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potassium hydroxide acts on the dibromide of jSy-hydromuconic acid ; also, 
synthetically, from glyoxal and two molecules of malonic acid by means of 
pyridine. Oxidation produces chiefly tartaric acid, with a little mucic acid (Ann. 
418, 294) ; dimethyl ester, m.p. 158° (Ber. 35, 1147). Dichloromuconic acid, 
CflH 4 Cl 204 , results when PCI 5 acts on mucic acid (Ber. 24, R. 629). It yields 
jSy*hydromuconic acid with sodium amalgam (Ber. 23, R. 232). Dichloromuconic 
acid dichloride, and dimethyl ester (C. 1901, II. 1119). 

CH 2 : C COOH 

Diyn ethylene succinic acid, | , may bo considered as being the 

CH 2 : C COOH 

parent substance of a large number of strongly coloured well -crystallizing acids 
of the aromatic series (Vol. II). It easily passes into a more deeply coloured 
anhydride, and exhibits a reversible difference of state in violet and ultra-violet 
light (p. 82). Therefore Stobbe named the hypothetical acid fulgenic acid 
(fulgere = to shine) and the anhydride fulgide. The lesser-known aliphatic fulgenic 
acids and fulgides are colourless (Ann. 359, 1, etc.). 

Dii&opropylidenesuceuiic acid, ai(xhS~tetramethylfulgenic acid, (CH 8 ) 2 C : C- 
(COOH)-C(COOH) : C(CH 3 ) 2 , m.p. 230° (decomp.), and isopropylideneisobutyli- 
denesuccinic acui, CLOLB-dimethylisopropylfulgenic acid, (CH 8 ) 2 C : C(COOH)C- 
(COOH) : CHCH(CH 3 ) 2 , 226° (decomp.), result from the reaction of teraconic 
ester and acetone or t^obutylaldehyde respectively, with sodimn ethoxide. The 
anhydrides, m.pp. 59° and 72°, are formed by means of acetyl chloride (Ber. 38, 
3673, 3683). 

Dii&ovaleralglutaric acid, CH2[C(C02H) : CHCH 2 CH(CH 3 ) 2 ] 2 » m.p. 220°, and 
is obtained from glutaric acid and t^ovaleraldehyde with acetic anhydride and 
sodium ethoxide or sodium (Ann. 282, 357). 

D. ACETYLENE AND POLY ACETYLENE DICARBOXYLIC ACIDS 

Acetylenedicarboxylic acid, C 02 H-C ^C-COgH -f 2 H 2 O, m.p. 175° (decomp.), 
is obtained when aqueous or alcoholic potassium hydroxide acts on dibromo- 
and wodibromo -succinic acid (Ann. 272, 127). It effloresces on exposure. The 
anhydrous acid crystallizes from ether in thick plates. The acid unites with 
the halogen acids to form halogen fumaric acids, whilst with bromine and iodine 
it yields dihalogen fumaric acids (p. 570). Its esters unite with bromine and 
form dibromomaleic est-ers and dibromofumaric esters (Ber. 25, R. 855). With 
water they yield oxaloacetic ester (Ber. 22, 2929). They combine with phenyl- 
hydrazine and hydrazine, forming the same pyrazolone derivatives as oxalacetic 
ester (Ber. 26, 1719) ; and with diazobenzene imide they form phenyltriazolo 
dicarboxylic ester (Ber. 26, R. 585). Oxaloacetic ester and acetylene dicarboxylic 
ester are condensed by alcoholic potassium hydroxide to aconitic ester (Ber. 24, 
127). (See also Acetoxymaleic anhydride, p. 620.) The primary potassium 
salt, C 4 O 4 HK, is not very soluble in water, and when heated decomposes into CO 2 
and potassium propiolate (p. 351) ; silver salt breaks down readily into COg and 
silver acetylide (Ann. 272, 139) ; diethyl ester, b.p. 145-148°/15 mm., is obtained 
from dibromosuccinic ester with sodium ethoxide (Ber. 26, R. 706). (See also 
Thiophentetracarboxylic esters (Vol. III). 

Glutinic acid, C 02 H-C ^C-CHg COgH, m.p. 145° with evolution of carbon 
dioxide, is obtained by the action of alcoholic potassium hydroxide (Ber. 20, 147) 
upon chloroglutaconic acid (p. 576). 

Diacetylenedicarboxylic acid, COgH-C^C — C^C-COgH -f- HgO, is made by 
the action of potassium ferricyanido on the copper compound of propiolic acid 
(Ber. 18, 678, 2269). It assumes a dark-red colour on exposure to light, and at 
177° explodes. Sodium amalgam reduces it to hydrornuconic acid, and at the 
same time produces some adipic and propionic acid. Ethyl ester, b.p. 184°/200 
mm. Zinc and hydrochloric acid decompose it and yield propargylic ester (p. 351 ). 

Tetremcetylenedicarhoxylic acid, COgH-C =C‘C^C-C=C*C ^C*C 02 H. Carbon 
dioxide escapes on digesting the acid sodium salt of diacetylenedicarboxylic acid 
with water, and there is formed the sodium salt of diacetylenemonocarboxylic acid, 
CH sC*C ^COgNa, which cannot be obtained in a free condition. When potassium 
ferricyanide acts on the copper compound of this acid, tetraacetylenedicarboxylic 
acid is formed. This crystallizes from ether in beautiful needles, rapidly dark- 
ening on exposure to light and exploding violently when heated. Consult Ber. 
18 , 2277, for an experiment made to explain the explosibility of this derivative. 



V. TRIHYDRIC ALCOHOLS : GLYCEROLS 
AND THEIR OXIDATION PRODUCTS 

The trihydric alcohols, or glycerols, and their oxidation products 
are connected with the dihydric alcohols (glycols) and their oxidation 
products. 

The glycerols, so-called after their most important member, are 
obtained from the hydrocarbons by the substitution of three hydroxyl 
groups for three hydrogen atoms, linked to different carbon atoms. 
As the number of hydroxyl groups increases, the number of theoreti- 
cally possible classes of glycerols, in contrast to the glycols, also becomes 
greater. The number of possible classes of oxidation products also 
grows accordingly, and in the case of the trihydric alcohols this num- 
ber is 19. Many of the theoretically possible oxidation products of 
the trihydric alcohols are only obtained with difficulty, and repre- 
sentatives of some classes are practically unknown. 

1. TRIHYDRIC ALCOHOLS 

Glycerol stands at the head of this class, although it is not a tri- 
primary alcohol, but a diprimary -secondai^ alcohol. The simplest 
imaginable triprimary alcohol would have the formula CH(CH 20 H) 3 , 
and could be referred to trimethylmethane, CH(CH 3 ) 3 , whereas 
glycerol is derived from propane, and considering the structure of 
the carbon nucleus, it is the simplest trihydric alcohol. 

Three hydrogen atoms in glycerol can he replaced by alcohol or 
acid radicals, producing ethers and esters : 

CgH^COHlalOCOCHg) C3H,(0H)(0C0CH3)2 C3H5(0C0CH3)3 

Monoacetin. Diacetin. Triacetin. 

The halogen esters are the halohydrins : 

C3H5(0H)2C1 C3H3(OH)Cl3 C3H3CI3 

Monochlorohydrin. Dichlorohydriii. Trichlorohydrin. 

A well-known property of glycerol is its abihty to raise the con- 
ductivity of aqueous boric acid solutions. This property, which is 
not exhibited by glycol, is well developed in glycerol, and is even more 
pronounced in the higher polyhydric alcohols, e.g. mannitol. Investi- 
gation has shown that only spatially adjacent hydroxyl groups bring 
about this increase in conductivity. Boeseken has shown that this 
effect is probably due to the formation of cyclic boric ester-acids, 
and in his hands has been of value in the elucidation of the con- 
figuration of polyglycols (Z. anorg. Chem. 142, 83) : see also a- and 
j^-glucose, p. 693. 

Formation . — ^The trihydric alcohols are obtained (1) by heating the 
bromides of the unsaturated alcohols with water ; or — 

(2) By oxidizing the unsaturated alcohols with potassium per- 
manganate (Ber. 28, R. 927). 
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(3) Aldehydes having the constitution RCHgCHO condense with 
formaldehyde in the presence of lime to form triprimary glycerols : 

RCHjCHO -f- 3 CH 2 O + HgO = RC(CH20H)2CH20H -f HCOOH. 

(4) Dialkyl ethers of glycerol are prepared by the magnesium 
organic synthesis from carboxylic esters or alkoxyketones and chloro- 
or iodo-substituted ethers. 

Glycerol [propanetriol], CHaOH CHOH-CHgOH, is produced (1) 
in small quantities in the alcoholic fermentation of sugar ; hence is 
contained in wine (p. 141). By the addition of sodium sulphite to 
the fermentation, it is possible to increase markedly the formation 
of glycerol {Connstein and Ludeckcy Ber. 52, 1385 : see p. 141). (2) 

It is prepared by hydrolysis of oils and fats, which are glycerol esters 
of the fatty acids. (3) From synthetic allyl trichloride by heating it 
with water. (4) From allyl alcohol when it is oxidized with potassium 
permanganate. (5) By the reduction of dihydroxyacetone. 

Historical. — Scheele discovered glycerol in 1779, when he saponified olive oil 
with litharge, in making lead plaster. Chevreul, who recognized ester-like 
derivatives of glycerol in the fats and fatty oils, introduced the name glycerol, 
and in 1813 pointed to similarities between it and alcohol. The composition of 
glycerol was established in 1836, by Pelouze. Berthelot and Lucca (1853), and 
later Wurtz (1855), explained its constitution, and proved that it was the simplest 
trihydric alcohol, the synthesis of which Friedcl and Silva (1872) effected from 
acetic acid : 


COjjH 

CH3 

CH, 

CH3 

CH3 

CHjCl 

CH3OH 

1 

(1) 1 < 

P) 1 

( 3 ) 1 

( 4 ) 1 ( 5 ) 

1 (6) 1 

CH3 - 

►CO — ■ 

— ► CHOH- 

►CH - 
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^CHCl 

CHCl — 
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j 

CH3 

1 

CHg 

11 

CH2 

1 

CHgCl 

1 

CH2CI 

1 

CH2OH 


(1) Acetone is obtained from calcium acetate. (2) Acetone by reduction 
passes into isopropyl alcohol. (3) Propylene results when anhydrous zinc 
chloride withdraws water from isopropyl alcohol. (4) Chlorine and propylene 
yield propylene chloride. (5) Propylene chloride and iodine chloride react to 
form propenyl trichloride or allyl trichloride, the trichlorohydrin of glycerol. 
(6) Glycerol is produced when triohlorohydrin is heated with much water to 160° 
(Ber. 6, 969). Metallic iron and bromine convert propylene bromide into tri- 
bromohydrin, which silver acetate changes to triacetin. Bases saponify the 
latter and glycerol results (Ber. 24 , 4246). 

A second method of synthesizing glycerol is that of 0. Piloty (1897), which 
starts from L, Henry'' s nitro-^eri. -butyl glycerol, the condensation product of 
formaldehyde and nitromethane. (1) Nitro-fer^. -butyl glycerol is reduced to 
hydroxylamino-ter^. -butyl glycerol, which is then (2) oxidized by HgO to di- 
hydroxyacetone oxime : (3) bromine water converts this substance into dihy- 
droxyacetone : which, finally, is reduced to glycerol by sodium amalgam (Ber. 
30, 3161) : 

CHgOH 

/CHjjOH Reduction /CHgOH HgO I Br,aq. 

(1) NOgC^HgOH >-(2) NH{0H)C^CH20H > (3) C-NOH 

\CH 2 OH \CHjjOH I 

CHgOH 


CHgOH CH,OH 

1 Reduction I 

CO (4) CHOH 

1 I 

CHjOH CHjOH 


Preparation . — Glycerol is produced in large quantities during the 
saponification of fats and oils in soap and candle manufacture. When 
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the process is carried out with superheated steam, an aqueous solution 
of glycerol and free insoluble fatty acids are formed. Pure glycerol 
is produced from its solution by distillation under reduced pressure. 
The hydrolysis of fats can also be brought about by heating with 
sulphuric acid, with alkalis (Ca(OH) 2 ) or by the employment of 
enzymes (Lipases). 

Properties . — Anhydrous glycerol is a thick, colourless syrup, which 
slowly solidifies at forming transparent crystals, m.p. 17°, b.p. 
290°, b.p. 170°/12 mm., Dis = 1*265. With superheated steam it 
distils entirely unaltered. It has a pure, sweet taste, hence the name 
glycerol, and it is very hygroscopic, mixing in every proportion with 
water and alcohol. It is fairly soluble (I : 3) in acetone (Ann. 335, 
319), but insoluble in ether. It dissolves the alkalis, alkali earths 
and many metallic oxides, forming with them, in all probability, 
metallic compounds similar to the alcoholates (p. 144). Its property 
of increasing the conductivity of aqueous boric acid solutions is of 
importance and has already been referred to (p. 579). 

Copper sodium glycerate, (C3H603CuNa)2 + SHgO, is obtained from 
glycerol, copper oxide and sodium hydroxide solution (Ber. 31, 1453). 

Reactions. — (1) When glycerol is distilled with dehydrating sub- 
stances, like sulphuric acid and phosphorus pentoxide, boric acid, or 
preferably potassium hydrogen sulphate, it decomposes into water 
and acrolein (p. 253). 

(2) When heated to 430-450°, glycerol decomposes partly into 
acrolein and partly into acetol : 

- 2H,0 - H.O 

CH2 : CHCHO OH2(OH) CH(OH)-CH2(OH) CH3 CO CH2OH 

(cf. transformation of glycols into aldehydes and ketones, p. 361) ; 
the acetol partially decomposes into acetaldehyde and formaldehyde 
which, like acrolein itself, unite with glycerol to form acetal -like 
substances (Ann. 335, 209). 

(3) When sodium glycerol or glycerol and sodium hydroxide are 
heated together, hydrogen is evolved and mainly lactic acid is formed, 
together with lower fatty acids, methyl alcohol and propylene glycol 
(Ann. 335, 279). 

(4) Platinum black and air, mercuric oxide and alkali or dilute 
nitric acid convert glycerol into glyceric and tartronic acids ; sodium 
and bismuth nitrate oxidize it to mesoxalic acid (Ber. 27, R. 666). 
Energetic oxidation produces oxalic, glycoUic and glyoxylic acids (p. 
455) ; silver oxide gives rise to formic and glycollic acids (Ann. 335, 
316). 

(5) Moderated oxidation (with nitric acid or bromine) produces 
glyceroscy which consists chiefly of some glyceraldehyde and much 
dihydroxyacetone, CO(CH 2 ’OH) 2 . The latter unites with HCN and 
forms trihydroxy but yronitrile. 
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(6) Phosphorus iodide or hydriodic acid converts it into allyl 
iodide, isopropyl iodide, and propylene (p. 161). 

(7) In the presence of yeast at 20-30 it ferments, forming pro- 
pionic acid. By fermentation, induced by the Butyl bacillus (Ber. 
30 , 451 ; 41 , 1412), normal butyl alcohol (p. 146), trimethylene glycol 
and formic and lactic acids result (p. 417). 

(8) When glycerol is distilled with ammonium chloride, ammonium 
phosphates and other ammonium salts, ^-picoline (Vol. Ill), as well 
as 2 : 5-dimethyl pyrazine (Vol. Ill), results. 

(9) Reaction of glycerol with oxahc acid, see p. 282. 

Uses. — Glycerol is applied as such in medicine. It is also used in 
gas meters. Duplicating plates and hectographs consist of mixtures 
of gelatin and glycerol. 

The bulk of glycerol is consumed in the manufacture of nitro- 
glycerine (p. 583). 

Homologous Trihydric Alcohols 

Glycerol homologues of the general formula R'CH(OH)'CH(OH)'- 
CH 2 OH can be prepared from acrolein, CHg : CH-CHO, by the action 
of Grignard reagents, the unsaturated alcohols so formed, CHg : CH-- 
CH(OH)-R, being converted into the trihydric alcohols through their 
dibromides (Compt. rend. 175 , 967). 

Homologues of the formula R-C(CH20H)3 are obtained by the 
condensation of aldehydes, R'CHa’CHO and formaldehyde in the 
presence of lime : 

R CHg CHO + 3II CHO -f HgO y R C(CH20H)2-CH20H + H COOH 

OL^yButanetrioU CH3*CH(0H) CH(0H)-CH20H, b.p. 172-175 7 27 mm., is pre- 
pared from crotonyl alcohol dibromide (p. 151), < 

aPy-Pentanetriol, C2H6-CH(OH)-CH(OH)-CH2-OH, b.p. 192763 mm. ; )3y8- 
pentanetriol, CH3 CH(OH) CH(OH)-CH(OH)-CH8, b.p. I8O727 mm. ; P-ethyP 
glycerol, CH3-CH2C(0H)(CH20H)2, b.p. 186-189°/68 mm. These and other 
glycerols result upon oxidizing unsaturated alcohols with potassium perman- 
ganate (Ber. 27 , R. 165 : 28 , R. 927). 

Oifxyy-Tetramrthy I glycerol. {pb-dimethylpentane-Pyb-triol) m.p. 99® (Compt. 
rend. 176 , 1400). Further homologues, see Compt. rend. 180 , 1408. 

Peniaglycerol, CH3C(CH20H)3, m.p. 199®, is obtained by the action of lime 
on propyl aldehyde and formaldehyde (Ann. 276 , 76). Dimethylpentaglycerol, 
(CHa)2CHC(CH20H)3, m.p. 83°, is prepared from i^ovaleraldehyde and form- 
aldehyde by the action of lime (Ber. 36 , 1341). These substances are triprimary 
glycerols. 

OLb€-Hexanetriol, CH8 CH(OH) CH(OH) CH2 CH2 CH20H, b.p. 181®/10 mm., 
and some other isomers and higher homologues have boon obtained from the 
addition products of bromine and hypochlorous acid with the corresponding 
unsaturated alcohols. 

For unsaturated trihydric alcohols of the type CHgOH-CHOH-C : C-CHaOH, 
from chloroacetaldehyde and the magnesium compound of propargyl alcohol, 
see Compt. rend. 176 , 1068. 

A. Glycerol Esters of Inorganic Acids 

(a) Halogen Esters 

These are called halohydrins’ (p. 369). There are two possible isomeric mono- 
and di -halohydrins. They are distinguished as a-halohydrins and j3-halohydrins : 

CH 2 CI CHgOH CH 2 CI CH 2 OH 

till 

CHOH CHCl CHOH CHCl 

i I 1 I 

CH 2 OH CH 2 OH CH 2 CI CH 2 CI 

a-Chlorohydriu. /3-Clilorohydrin. a-Dichlorohycirin. ^-Dlchlorohydrin. 
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The monohalohydrins may also be regarded as halogen substitution products 
of propylene and triinethyleno glycol, whilst the dihalohydrins are the dihalogen 
substitution products of propyl and ^^opropyl alcohol (p. 145). 

a-Monohalohydrins are formed when the halogen acids act on glycerol, and 
by the interaction of water and epihalohydrins. cc-Chlorohydrin, CH20H-CH0H*- 
CHgCl, b.p. 139*^/18 mm. cl- Brornohydrinf b.p. 180'^/10 mm. cc-Iodohydrin, 
b.p. 62724 mm. (Ann. 335, 237). 

p-Ghlorohydrin, CHaOH-CHCl-CHgOH, b.p. 146°/18 mm., is obtained from 
allyl alcohol and ClOH (C. 1897, I. 741). 

a-Dihalohydrins are produced when the halogen acids (Ann. 208, 349) act 
on glycerol, and on the epihalohydrins (p. 587) (Ber. 10, 557). Potassium iodide 
changes the chlorine derivative into the iodine compound. 

(x-Dichlorohydrin, CHaCl-CHOH-CHgCl, b.p. 174°, = 1-367, is a liquid, with 

ethereal odour. It is not very soluble in water, but dissolves readily in alcohol 
and ether. When heated with hydriodic acid it becomes converted into lisopropyl 
iodide ; sodium amalgam produces ^^opropyl alcohol. When sodium acts on 
an ethereal solution of a-dichlorohydrin, wo do not get trimethylene alcohol, 
but allyl alcohol as a result of molecular transposition (Bor. 21, 1289). Chromic 
acid oxidizes it to j3-dichloroacetone (p. 265) and chloroacetic acid. Potassium 
hydroxide converts it into epichlorohydrin (p. 587). 

CL-Dihromoliydrin^ CH 2 Br-CHOH CH 2 Br, b.p. 219°; — 2-11. 

CL-Di-iodohydrin y D — 2-4, solidifies at — 15°, is a thick oil. It readily loses 
HI and yields a polymeric ^-iodopropionaldehyde (C. 1900, II. 169). 

p-Ethylglyccrol-cc-dicfdorohydrhi, C 2 H 5 C(OH)(CH 2 Cl) 2 , b.p. 77°/15 mm., is 
formed from Av//a.-dichloroacetono and ethyl magnesium bromide (C. 1906, I. 
1471). 

The /5-Dihalohydrins result from the addition of halogens to allyl alcohol. 

^■Dichlorohydrin, b.p. 183°, Do = 1-379, is converted by sodium into allyl alco- 
hol. Hydriodic acid changes it to ^opropyl iodide ; fuming nitric acid oxidizes 
it to ajS-dichloroprop ionic acid. 

Both dichlorohydrins are changed to ej^ichlorohydrin by alkalis. 

p-Dibromohydrifi, b.p. 212-214°. 

Trihalohydrins are formed when halogeus are added to the allyl halides ; 
also in the action of phosphorus halides on the dihalohydrins, and when iodine 
chloride acts on propylene chloride, and bromine and iron on propylene bromide 
and trirnethylene bromide (Ber. 24, 4246). 

Trichlorohydririf glyceryl chloride^ OLpy-trichloropropaney CHgCl-CHCl-CHjCl, 
b.p. 158°. 

Trihrornohydrin, m.p. 16°, b.p. 220°, is converted by silver acetate into glycerol 
triacetyl ester. When this is saponified it yields glycerol (p. 580). 

[b) Glycerol Esters of the Mineral Acids containing Oxygen 

The neutral nitric acid ester (so-called) — nitroglycerin (discovered by Sobrero 
in 1847) — is the most important member of this class. 

Glyceryl nitrate, ‘‘nitroglycerin,” CH2(0N02)*CH(0N02)’CH2(0N02), 
m.p. 16°, D — 1-6, is produced by the action of a mixture of sulphuric and 
nitric acids on glycerol. The latter is added, drop by drop, to a well-cooled 
mixture of two parts of fuming nitric acid and three parts of concentrated sul- 
phuric acid. On standing the nitroglycerol rises, and, after separation, is poured 
into water. The heavy oil (nitroglycerin) is washed with water and dried by 
means of calcium chloride. 

Glyceryl trinitrate is a colourless oil, which is easily volatilized at 160°/15mm. 
(Ber. 29, K. 41). It has an acrid taste, and is poisonous when taken internally. 
It is sparingly soluble in water, dissolves with difficulty in cold alcohol, but is 
easily soluble in wood spirit and ether. Heated quicMy, or upon percussion, 
it explodes very violently ; mixed with kieselguhr it forms dynamite^ and with 
nitrocellulose, smokeless powder. 

Alkalis convert nitroglycerin into glycerol and nitric acid ; ammonium 
sulphide also regenerates glycerol. Both reactions prove that nitroglycerin is 
not a nitro-compound, but a nitric acid ester. 

Partial nitration of glycerol or partial hydrolysis of nitroglycerin by dilute 
sulphuric acid produces the two possible dinitrateSy C3H5(0H)(0N02)2» oils, 
which are not explosive ; and also the two mononitrates y C 3 H 5 (OH) 2 (ONO) 2 , 
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m.pp. 59° and 54°; these substances are easily soluble in water (Ber. 41 , 
1107). 

Glyceryl nitritCy C3H6(0*N0)3, is formed by the action of NjOg on glycerol. 
It is isomeric with trinitropropane (Ber. 16, 1697). 

Glycerol sulphuric acidy CHaOH-CHOH-CHa’OSOgH, is obtained from glycerol 
and sulphuric acid. 

Carbonates of glycerol are obtained from glycerol and chloroformic ester 
in absolute pyridine. Dicarhethoxyglyceroly b.p. 1 62-1 63°/0*5 mm. Tricarbethoxy- 
glijceroly b.p. 168°/0-2 mm. : moiwcarbethoxyglycerol carbonate, CHa'CH-CHg-O*- 


CO3 

COOEt, b.p. 304-305° (J.C.S. 125, 2259). 

Glycerophosphoric Acids, C 3 Hft(OH )2 0 P08H2. — There should be theo- 
retically two glycerophosphoric acids, the a- possessing an asymmetrical structure 
and capable of resolution, the being symmetrical and not resolvable. King 
and Pyman (J.C.S. 105, 1238) have shown that the commercial crystalline 
sodium salt obtained from glycerol and monosodium phosphate is the j8-deriva- 
tive, while the acid obtained from glycerol and orthophosphoric acid at 100° 
under atmospheric pressure is the a-acid (c/. C. 1919, I. 84). 

Glycerophosphoric acid occurs naturally combined with fatty acid and choline 
as lecithin, in yolk of eggs, brain and elsewhere (see p. 585). Willstatter and 
Ludecko (Bor. 37, 3753) find that the glycerophosphoric acid obtained from 
lecithin is optically active, so that it must, at any rate, partly consist of the 
a-acid. 


B. Glycerol Fatty Acid Esters, Glycerides 

(</) Formic Acid Esters. Monojormin, C3H6(0H)20CH0, distils under 
diminished pressure. It is formed on heating oxalic acid and glycerol (see p. 282). 
When heated alone it breaks down into ally! alcohol (p. 150), water, and carbon 
dioxide. Diformin is most certainly produced under these conditions. Mono- 
formin also results from the action of a-monochlorohydrin on sodium formate. 
Diforminy C3H5(OH)-(0-CHO)2, b.p. 1 6,3-1 66°/20-30 mm. 

(5) Acetic esters, or acctlns, result when glycerol and acetic acid are heated 
together (C. 1897, II. 474). Monoacetiny b.p. 131°/2-3 mm. Diacetin, C3H3- 
(0-C0CH3)2(0H), b.p. 259° (Bor. 25, 3466). Triacetiny C3H5(0-COCH3)3, b.p. 
258°, occurs in small quantities in the seed of Euonymus europmus, and 
has also been obtained from tribromohydrin (p. 583). Dichloromonoacetin and 
nionochlorodincetin (C. 1905, I. 12). 

(c) Tributyrin, C3H6(OC4H-0)3, b.p. 185°/10 mm. (C. 1890, II. 21 ; 1900, 
II. 215), occurs in cow’s butter (p. 304). 

(d) Glycerides of higher fatty acids occur, as already stated 
(p. 309), in the vegeta})le and animal fatty oils, fats, and tallows. 
They can be artificially obtained by heating glycerol with the fatty 
acids or their chlorides (C. 1899, II. 20), or from tribromohydrin 
and fatty acid salts (C. 1900, II. 215). The mono- and di-esters 
(monostearin, dipalmitin, etc.) are prepared from mono- (Ber. 36 , 
4339 : 59 , 690) or di-chlorohydrins and salts of the fatty acids, or 
by esterifying glycerol and the fatty acids by means of concentrated 
sulphuric acid (C. 1903, I. 133 : Ber. 38 , 2284). 

The above reactions are only to be used with caution for the 
determination of constitution of glycerol esters, as frequently the 
fatty acid residue does not enter at the position occupied by the 
halogen atom, probably through intermediate formation of glycidic 
compounds ; also by the use of partially acylated glycerols, migration 
of the acyl groups may take place (Fischer, Ber. 53, 1589, 1621). More 
definite conclusions can be drawn from the synthesis of monoglycerides 
by the action of acid chlorides in quinoline solution on glycerol-acetone 
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(q.v.), the acetone residue being subsequently hydrolysed off (Ber. 53, 
1589). A similar method for the preparation of mono- and diglycer- 
ides is based on the use of the cyclic derivative of glycerol, 2 -phenyl - 
5-hydroxymethyloxazolidone, HO-CHg-CH-CH^-NH-CH-CeHs {Berg- 

I I 

mann, Z. physiol. Chem. 137 , 27). 

By complete esterification of the mono- and diglycerides with a 
different fatty acid, mixed glycerides are formed, which according to 
recent work are the usual glycerides found in nature. A simple 
glyceride containing one fatty acid only is the exception rather than 
the rule. 

ajS-Diglycerides contain an asymmetric carbon atom and can be 
resolved by the use of the strychnine salts of their sulphuric esters 
(Ber. 60 , 255). The resolution of an a/?-glyceride is the only absolutely 
definite method of identification from the isomeric j5/9-compound. 

Glycerides are sparingly soluble in alcohol, but readily soluble in 
ether. They are saponified by heating with alkahs or lead oxide (c/. 
p. 309, and C. 1899, II. 1699). When heated with a lower alcohol 
in presence of a little acid or alkali, the glycerides are largely broken 
down into glycerol and the ester of the alcohol employed (C. 1907, 

l. 151 : 1908, I. 1157 : II. 495). 

oi-Monohenzoylglyccrol, m.p. 36° : cc-monostearin^ in.p. 81° : cH’inonopalmitiny 

m. p. 72° : oi-monolaurin, m.p. 62° (E. Fischer, Ber. 53 , 1594 et seq.). 

(x.p- Distearin f m.j). 69° ; oLCL-distearin, m.p. 79°. 

Trimyristin, or myristiii, glycerol myristic ester, C3H5(0-Ci 11270)3, m.p. 65°, 
occurs in spermaceti, in nutmeg butter, and chiefly in oil nuts (from Myristica 
surinamensis), from which it is most readily obtained (Ber. 18 , 2011). It yields 
myristic acid (p. 306) when saponified. 

Tripalmitirif C3H5(0*CigH3i0)3, m.p. (45°) 65°, is found in most fats, especially 
in palm oil ; it can be separated from olive oil at low temperatures. 

Tristearin, C3H5(0‘Ci8H350)3, m.p. (55°) 71-5°, occurs mainly in solid fats 
(tallows). It can bo obtained by heating glycerol and stearic acid to 280-300°. 
It crystallizes from ether in shining leaflets. 

On the phenomenon of tho “ double melting point ” of palmitin and stearin, 
see 0. 1902, J. 1196. 

Triolein, or olein, 03115(0 311330)3, solidifies at — 6°. It is found in oils, 

like olive oil. It is oxidized on exposure to ^he air. Nitrous acid converts 
it into the isomeric solid eloidin, m.p. 36° (p. 349). 

Lecithins occur widely distributed in tho animal organism, particularly in 
brain, nerve, blood-cells and egg-yolk (XcklOos), from which stearo-palmito- 
lecithin is most easily obtained. Lecithins also occur in plant seeds (Bor. 29 , 
2761). Lecithin forms a wax-like mass, readily soluble in alcohol or ether : it 
swells up in water and yields an opalescent solution from which it can be pre- 
cipitated by various salts. The compound with cadmium chloride is character- 
istic and has boon used for the separation of pure lecithin from eggs (J. Biol. 
Chem. 34 , 175 : 72 , 587). It forms salts with acids and bases, and a sparingly 
soluble platinichloride (C42H(,4NPOg)2H2PtCle. Lecithin is broken down when 
heated with alkali into choline, glycerophosphoric acid (p. 584), stearic and 
palmitic acids. It is to be reganled as an ester-like derivative of choline and 
glycerophosphoric acid {Strecker, Ann. 148 , 77), which is combined with stearic 
and palmitic acids to a glyceride : the phosphoric acid is attached to the a- 
hydroxyl group of the glycerol {Willstdtter and Liidecke, Ber. 37 , 3763) ; 

CH2 OCOC 17H85 

I 

CHOCOCjgHai 

CH20P0(0H)0CH2CH2N(CH8)a0H. 
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Lecithin is optically active (dextrorotatory). When heated in alkaline solu- 
tion to 90-100 ’ it is racemized, and from the inactive lecithin, Z-lecithin can be 
obtained by the employment of lipase (C. 1901, II. 193 : 1906, II. 493). 

In addition to the stearo-palmito -lecithin mentioned above, distearo- and 
dioleo- compounds are known. 

Synthesis of Lecithin. — The free a-hydroxyl group of an a^-diglyceride is 
esterified at its melting point by the use of phosphorus pentoxide, and by warming 
the product w'ith choline salts a synthetic lecithin is obtained iOriin and Lim- 
pdche.ry Ber. 59 , 1530) : 

(a) HO CaHsCO CO C.jHas), POa O PO(OH) O CaH6(O CO C„H,a), 

Choline salt 

► /0-C3H5-(0C0C,,H35), 

O : r^O -C^H^ 

NiJH XiN(CH3)3. 

The a^-distearoylglycorol-a'-phosphoric acid choline ester is converted into 
its endo-salt by loss of halogen acid. Synthetic lecithin resembles in its prop- 
erties (analysis, platinichloride, cadmium chloride derivative, alkaline hydrolysis) 
the hydrolecithin obtained by hydrogenation of natural lecithin. 

So-called P-lccithin^, whore the phosphoric acid is attached to the /3-hydroxyl 
group, have been obtained by this method, but do not occur in nature. (Endo- 
salt of aa'-distearoylglycorol-/3-phosphoric acid choline ester, see Bor. 60, 147.) 

The cephalins form a series of compounds closely allied to the lecithins 
which occur in brain (J. Biol. Chem. 35, 285). They contain in place of choline, 
/3-aminoethanol. Their synthesis is carried out similarly to that of lecithin, 
using /3-aminoethanol for the esterification of the glycerophosphoric acid in the 
last stage (Ber. 60, 151). 


Glycerol Ethers 

1. Alkyl ethers. -Mixed ethers of glycerol with alcohol radicals are obtained 
by heating the mono- and dichlorohydrins with sodium alcoholates. 

Epichlorohydrin, sodium hydroxide solution, and an alcohol form glycerol 
dialkyl ether (C. 1898, I. 237). 

Monoethylhif CH20H*CH0H*CH20C2H5, b.p. 230^, is soluble in water. 
Glycerol dimethyl ether, b.p. 169°. Diethylin, CH20H-CH(0C2H5)CH20C2H5, 
b.p. 191°, dissolves with difficulty in water, and has an odour resembling that 
of peppermint. Triethyiin, 03115(002115)3. b.p. 185°, is insoluble in water. 

Glycerol allyl ether, allylin, OHoOII-CHOH-OHaOCgHg, b.p. 225-240°, is pro- 
duced by heating glycerol w ith oxalic acid (Ber. 14 , 1946, 2270), and is present 
in the residue from the preparation of allyl alcohol (p. 150). Diallylin, HO *03115- 
(OCaHslj, b.p. 225-227°, is produced when sodium allylate acts on epichlorohydrin 
(Pci. 25 , R. 506). 

Glycerol oL-triphenylmethyl ether, m.p. 93-94°. 

Higher Alkyl Ethers. — The compounds batyl, selachyl and chimyl alcohols 
occur in elasinobranch fish-oils, and investigation has shown that hatyl alcohol, 
m.p. 69-70°, is an octadecyl ether of glycerol, 0i8H87O*C3H5(OH)2 (J.O.S. 1928 , 
942), and selachyl alcohol and chimyl alcohol are probably the oleyl and cetyl 
ethers of glycerol, Ci8H350 C3H5(0H)2 and CjeH880*C3H5(OH)2, respectively. 

Dialkyl Ethers of Homologous Glycerols. 

Fatty acid esters are condensed with chlororaethyl alkyl ethers to form 
dialkyl ethers of homologous glycerols by means of magnesium, which can bo 
rendered more active by means of HgClg (C. 1907, I. 871) : 

RCOOC2H5 -f 2ClMgCH20C2H5 > RC(0H)(CH20C2H5)2. 

These diethylins yield acroleins, similarly to glycerol itself, when treated with 
oxalic acid : two molecules of alcohol are eliminated and a-alkylacroleins result 
(0/. p. 253). 

Ethylglycerol diethyl etlicr, C2H5C(0H)(CH20C2H5)2, b.p. 195°, is prepared 
from propionic ester, chloromothyl ethyl ether and magnesium. Propylglycerol 
diethylin, b.p. 210° ; the isobutyl-, b.p. 215° ; n.-amyl-, b.p. 119°/13 mm. ; hexyl-, 
b.p. 136°/ 15 mm. ; octyl-, b.p. 160°/15 mm. ; decenyl-glycerol dimethylin, b.p. 
180°/12 mm. 
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Oiyj’-Dimethoxyheptane^h-ol, HC(0H)[CH2CH2CH20CH3]2, b.p. 247°, is pre- 
pared from formic ester, y-methoxypropyl iodide and magnesium. It is a liquid 
possessing a very bitter taste (C. 1906, I. 332). 

2. Cyclic Ethers : 


/CHa-OCH^x 

Olycerol ether, CH^ O — ^CH 

XCHg-OCHa/ 


/CHa— OCH 2 

/ I 

or CH 2 /OCH, b.p. 171°, is 

\ / I ' 

\CH OCH 2 


formed when glycerol is heated to 270-330°, with a little ammonium chloride 
(Ann. 335, 209) ; also, together with diallylin, from epichlorohydrin and sodium 
allylate (see above). It is readily soluble in water, and is hydrolysed with 
difficulty. 

An isomeric substance, m.p. 124°, has been obtained as a by-product of the 
preparation of pyridine bases from glycerol and ammonium phosphate (c/. p. 582) 
(C. 1897, I. 583). 

Glycerol derivatives resembling the acetals are formed when formaldehyde, 
acetaldehyde, acrolein, benzaldehyde, or acetone act on glycerol hot, or in 
presence of hydrochloric acid. The formation of the acetone compounds is of 
particular importance. An equilibriiun exists in the following terms : 

Polyhydroxylic compound + acetone Acetone compound -f- water. 
This equilibrium is displaced more to the right according to the favourable spatial 
relationships of the hydroxylic groups concerned (Ber. 56, 2409). The ease of 
formation of acetone compounds runs approximately parallel with the effect of 
the polyhydroxy compound in increasing the conductivity of boric acid solutions 
(Rec. Trav. Chim. 42, 1104). 

/OCH 2 /0-CH2\ 

Formal glycerol, CU/ \ or CH< >CHOH, b.p. 193° 

\oCHCH 2 OH \0CH2/ 

(Ann. 289, 29: 335, 209). Acetal glycerol, HOCgHgOg^CHCHa, b.p. 86°/18 
mm. CL- Acrolein glycerol, II 0 -C 3 H 602 >CH‘CH : CH 2 .. is isomeric with glycerol 
ether or jS-acrolein glj^cerol (</.v.). Benzol glycerol, 110C3H602>CHCflH5, m.p. 
66°. Acetone glycerol, HOC 3 H 5 C) 2 >C(CH 3 ) 2 , b.p. 83°/ll mm. (Ber. 27, 1536 : 
28, 1169). 

< CH-CH 20 H 

I , b.p. 162°, 

CH 2 


Dq = 1*165, is isomeric with acetyl carbinol (p. 393). This body shows the 
properties both of ethylene oxide and of ethyl alcohol. It is obtained from its 
acetate by the action of sodium hydroxide or barium hydroxide. Glycide and 
its acetate reduce ammoniacal silver solutions at ordinary temperatures. 

Glycerol also forms poly glycerols. Thus glycerol yields diglycerol, (HO ) 2 - 03115 - 
OCsH 5 (OH) 2 , when it is treated with clilorohyiin or aqueous hydrochloric acid at 

CH2— O— CHCH2OH 

130°. The polymer of glycide, diglycide^ HO— OH — OH— O— OH 

results from the action of sodium acetate on epichlorohydrin in absolute alcohol, 
and the subsequent hydrolysis of diglycide acetate with sodium hydroxide. 
yCHCHaCl* 

Epichlorohydrin, 0<(^ j ,b.p. 117°, Dq = 1-203, is isomeric withmono- 

'CH 2 

chloroacetone, and constitutes the parent substance for the preparation of the 
glycide compounds. It is obtained from both dichlorohydrins by the action 
of alkali hydroxides (similarly to the formation of ethylene oxide from glycol 
chlorohydrin) (p. 367): 


CICH 2 -CHOH ClCHj-CH V C 1 CH-CH 2 C 1 

I ^ I >0< I 

cHgCi cn/ HOCH2 

It is a very mobile liquid, insoluble in water. Its odour resembles that of 
chloroform, and its taste is sweetish and burning. It forms a-dichlorohydrin with 
concentrated hydrochloric acid. PCI 5 converts it into trichlorohydrin. Con- 
tinued heating with water to 180°j^changes it to a-monochlorohydrin. Concen- 



588 


ORGANIC CHEMISTRY 


trated nitric acid oxidizes it to j5-chlorolactic acid. Metallic sodium converts 
it into sodium allylate, CH2=CH-CH20Na. 

Like ethylene oxide, epichlorohydrin combines with HCN to the hydroxy - 

cyanide, C3H5C1<^^» Epihromohydrin, CgHjOBr, b.p. 130-140°, is prepared 

from the dibromohydrin. Epi-iodohydrin^ C3H5OI, b.p. 62°/12 mm., is prepared 
from epichlorohydrin by the action of KI and alcohol, and subsequent treatment 
with aqueous alkali hydroxides. 

Epihydrin-ether^ [0<C8H5]20, b.p. 103°/22 mm., is produced from the above 
by means of silver oxide ; and nitroglycidey N02'0C3H5>0, b.p. 63°/15 mm., 
by silver nitrate. It also results when alkali acts on either of the two dinitro- 
glycerols (p. 583) (Ann. 335, 238 : Ber. 41, 1117). 

Di-epi-iodohydrin, ICHjCH<;®~^>.CHCHsI, rn.p. 160°, is formed 

when iodine acts on mercury allyl alcohol iodide, (C3H50*HgI)2. This body, as 
well as mercury propylene-glycol iodide, IHg-CH2CH(0H)CH20H, is also obtained 
from allyl alcohol and mercury salts {cf. Mercury ethanol iodide, p. 370) (Ber. 
34, 1385, 2911). 

Epiethylin, ethyl glycide ether, O <C3H5*OC2H5, b.p. 129°, and amyl glycidc 
ether, b.p. 188°, are produced from the respective ethers of chlorohydrin by 
distillation with potassium hydroxide (Ann. 335, 231 ). Olycide acetate, O <C3H5-- 
OCOCH3, b.p. 169°, is formed from epichlorohydrin and anhydrous potassium 
acetate. 

Nitrogen Derivatives of the Glycerols 

Nitroimhutyl glycol, CH3C-(N02)(CH20H)2, b.p. 140°, is formed from nitro- 
ethane and formaldehyde (Ber. 28, R. 774). 

a-Aminopropanediol, NH2*CH2CH(0H)CH20H, b.p. 238°/325 mm., is formed 
from glycide and aqueous ammonia. Similarly, the oi-alkylaminopropanediols 
can bo prepared ; tertiary amines react with glycerol a -chlorohydrin to form 
quaternary ammonium chlorides, e.g, (C2H5)3N(C1)CH2CH0H*CH20H (Ber. 33, 
3500). ^-Aminopropanediol, H0CH2-CH(NH2)‘CH20H, is formed when di- 
hydroxyacetone oxime is reduced (Ber. 32, 751). 

Amino ‘teTt,-butanediol, CH8C(NH2)(CH20H)2 (C. 1908, I. 816). 

From oLy-diamino-P-propanol is derived the local anassthetic alypin, CeHsCO*- 
OCH[CH2N{CH3)2l2 (C. 1905, II. 1551) ; also oiy-dianilinopropanol, (CgHg- 
NHCH2)2CH0H, from aniline and epichlorohydrin (Ber. 37, 3034). Trimethyleyie- 
imine-p-ftul phonic acid is obtained from bromomethyl taurine, a decomposition 
product of the thiazoline derivative obtained from allyl -mustard oil dibromide 
(Ber. 39, 2891); 

BrCH2CH-S\ O BrCHaCHSOgH -HBr CH2— CHSO3H 

I \CCR > I ^ 1 I 

CHa-N^ CH2'NH2 NH— CH2 

Trlaminopropane, CHgNHg'CHNHg-CHaNHg, b.p. 93°/9 mm., is prepared from 
glyceryl triurethane, C3H5(NHC02C2H5)3, m.p. 92°, which is formed from the 
action of absolute alcohol on the triazide of tricarballylic acid (J. pr. Chem. [2] 
62, 240). 

ay-Tetramethyl-dinmino-^-nitropropanc, [(CH3)2N'CH2]2*CHN02, m.p. 58°, is 
prepared from 2 molecules of inethanoldimethylamine, (CH3)2NCH20H, and 
nitromethane. It forms salts both with acids and alkalis (c/. Nitromethane, 
p. 181). When boiled with water it is decomposed to formaldehyde ; with 
aqueous aniline it forms dianUinonitropropane, (C0H5NHCH2)2CHNO2 ; by reduc- 
tion with tin chloride it yields OLOLyy-tetramethyltriamhio -propane, [(CH3)2NCH2]2- 
CHNHg, b.p. 175° (Ber. 38, 2037). 

Sphingosine is a cerebroside occurring in brain tissue and has the formula 
CH8 rCH2]i2-CH : CH-C8H4(OH)2-NH2 (Z. physiol. Chem. 185, 169 : see also 
J. Biol. Chem. 18, 482). 

2. DIHYDROXYALDEHYDES 

Glyceraldehyde [propanediolal], CHgOH CHOH-CHO, forms short 
colourless needles (from aqueous methyl alcohol), m.p. 138*5°. It is 
most readily obtained pure by hydrolysis of its acetal with dilute 
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sulphuric acid (J.C.S. 1927 , 2477) and is reconverted into the acetal 
by treatment with alcohol and hydrochloric acid. It is almost in- 
soluble in cold alcohol or ether. It reduces Eehling’s solution in the 
cold, and forms a characteristic condensation product with phloro- 
glucinol (Vol. II). 

Many properties of glyceraldehyde are better explained by a cyclic 
formula, CHaOH-CH-CHOH (Ber. 57, 707 : 60, 479), than by the 



open-chain formula, CHjOH'CHOH-CHO, which shows analogies to 
the constitution of the hexoses (q.v,). The transformation of glycer- 
aldehyde into dihydroxyacetone by heating in absolute pyridine is 
doubtless explained as occurring through the cyclic formula, and the 
formation of TrirntmcetylhrmioglyceraUehyde, CHaCO O-CHg-CH-CHBr, 



m.p. 168° (Ber. 60 , 1704), by the action of hydrobrornic and glacial 
acetic acid on the dimeric acetate of glyceraldehyde parallels exactly 
the behaviour of pentaacetylglucose (q.v.). In the solid condition, 
glyceraldehyde exists in a dimolecular form (Ber. 33, 3095). 

Glyceraldehyde acetal, CH20H-CH0H-CH(0Et)2, b.p. 130°/21 mm., is obtained 
by the careful oxidation of acraldehydo acetal (p. 254) with permanganate. 

The oxime CHgOH-CHOH'CH : NOH is an oil which on warming with alkali 
is broken down with the formation of glycollic aldehyde by loss of water and 
hydrogen cyanide (c/. Carbohydrates). 

-p-Brornophenylosazone, m.p. 168®. 

Optically Active Glycerol dehydes. Dextrorotatory — (-J-) — glyceraldehyde has 
been shown to be related to an active trihydroxybut 5 rric acid (/-threonic acid) 
which belongs to the Z-tartaric acid series (Ber. 50 , 455). As this belongs to the 
cZ-glucose series, this ( + ) -glyceraldehyde is correctly described as d-glyceraldehyde. 

Preparation of optically active glyceraldehyde (Ber. 47 , 3346). 

a-C/iZoro-/3-%droa:^propZomceZaZ, CH 2 ( 0 H)-CHC 1 -CH( 0 CH 3 ) 2 , b.p. 98/11 mm., 
is formed from acrolein acetal and HCIO. Oxidation converts it into a-chloro- 
j3jS-dimethoxypropionic acid, (CH 30 ) 2 CH-CHClCOOH ; reaction with ammonia 
produces OL-liydroxy-^-aminopropionacetal, CH 2 (NH 2 )-CH(OH)CH(OCH 3 ) 2 , m.p. 
55-58°, b.p. 111°/11 mm., with intermediate formation of open ethylenoxy- 
compound. This acetal gives rise to the hydrochloride of jS-aminolactic aldehyde, 
NH2CH2CH(0H)CH0, which, on oxidation, yields Zsoserine (p. 596) (Ber. 40 , 92). 

A mixture of a little glyceraldehyde with dihydroxyacetone (see below) is 
formed by the oxidation of glycerol with dilute nitric acid, bromine or hydrogen 
peroxide in presence of a little ferrous sulphate (C. 1888, II. 104 : Ber. 33, 3098). 
It is known as glycerose, and is condensed by sodium hydroxide to inactive 
acrone. This compound is related to dextrose, which can also be formed from 
each of the two separate compounds above mentioned. 

OL^-Dikydroxybutyraldehyde, methylglyceraldeliyde, CH8CH(OH)-CH(OH)CHO, 
is a S 5 rrupy body formed, analogously to glyceraldehyde. from its acetal, 
CH 3 CH( 0 H)CH( 0 H)CH( 0 C 2 H 6 ) 2 , the oxidation product of crotonaldehyde 
acetal (Ber. 35, 1914). 

Pentaglycerol aldehyde, CHjC(CH20H)2CH0, is prepared by condensing 
propionaldehyde with two molecules of formaldehyde. 

y-Methyl-Py ‘dihydroxy valer aldehyde, (CH 8 ) 2 C(OH)CH(OH)CH 2 CHO, is ob- 
tained by condensation of cZ-hydroxy^>obutyric aldehyde with acetaldehyde 
(Monatsh. 22, 443, 627). 

Chloral aldol, CCl 8 -CH(OH)-CH(CHO)*CHOH-CHs, and butyl chloral aldol, 
CH 3 CHClCCl 2 CH(OH)*CH(CHO)CHOH*CH 8 , are thick oils. They result 
from the condensation of chloral or butyl chloral with paraldehyde and glacial 
acetic acid (Ber. 25, 798). 

ay-Dihydroxycapraldehyde, see Ber. 56, 769. 
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3. DIHYDROXYKETONES (OXETONES) 

Dihydroxyacetone, glycerol ketone [propane diolone], CHgOH-CO*- 
CHgOH, m.p. 68-75°, is prepared from its oxime by the action of 
bromine (p. 580). It tastes sweet and cooling. It is also obtained 
by heating glyceraldehyde with absolute pyridine (see p. 589, and 
Ber. 60, 479). 

It occurs in dimolecular form which is depolymerized by distilla- 
tion in high vacua (0-5 mm.) (Ber. 57, 707). The monomolecular 
form is readily soluble in water, alcohol and acetone, but sparingly 
in ether. Reduction (p. 580) and the action of the sorbose bac- 
terium (C. 1898, I. 985) convert it into glycerol (see also Glycerose, 
above). It reduces Fehling’s solution in the cold. The oxime, 
CH20H*C(: N0H) CH20H, m.p. 84°, is produced from hydroxyl- 
amino-fer^-butylglycerol by HgO (Ber. 30, 3161). 

Chloroacetylcarbinol, ClCHg-CO-CHaOH, m.p. 74°, is formed from allene (p. 114) 
and HCIO, together with some dichloroacetone (C. 1904, I. 570). Diethoxy - 
acetone, (C2H60)CH2*CO-CH2(OC2H5), b.p. 195°, is prepared from ay-diethoxy- 
acetoacetic ester, and by distillation of calcium ethyl glycollate (Ber. 28, R. 295). 
Diainiiwacetone, NH 2 CH 2 *CO-CH 2 NH 2 , is obtained by the reduction of difso- 
nitrosoacetone (Ber. 28, 1519). pp-Bromonitropropane-ccy-diol, HO-CHg- 

CBr(N 02 )-CH 20 H, m.p. 100°, is prepared from bromonitrometbane and form- 
aldehyde (C. 1899, 1. 179). 

Homologous Dihydroxyketones. — Trimethyl trioae, (CH 3 ) 2 C(OH) CH(OH ) 
COCH3, b.p. 109°/19 mm., is obtained by the oxidation of mesityl oxide, (CH3)2C 
CHCOCH3 (p. 273), by permanganate, and appears to decompose rapidly into 
acetone and acetol. Dihydroxymethylheptanone, (CH 3 ) 2 C(OH)CH(OH)CH 2 CH 2 - 
COCH3, m.p. 67°, is similarly prepared from methyl heptenone (p. 270) and 
permanganate (Ber. 34, 2979 : 35, 1181). yh- Dihydroxy butyl methyl ketoyie, 

CH2(0H)CH(0H)CH2CH2C0CH3, b.p. 190°/22 mm., results froih the splitting up 
of a-acotyl-8-chloro-y-valerolactono (the condensation product of epichlorohydrin 
and acetoacetic ester) by means of potassium carbonate (Ber. 34, 1981). It is 
similarly prepared from epichlorohydrin and sodium acetylacetone (C. 1904, 
I. 356). 

Derivatives of the m^known “ triacctone dialcohol,"' Me 2 C(OH)-CH 2 -- 
CO-CH2-CMo 20H, have been discussed under “ phorone ” (p. 273). Such 

are triacetonamine, triacetonediamine, etc. Methyl ethyl ketone forms similar 
compounds when treated with ammonia, e.g. trimethyldiethylpiperidone, 

m.p. 247°, corresponding with triacetona- 
mine (Ber. 41, 777). 

The oxetones, discovered by Fittig, may be considered as the anhydrides of 
the yy-dihydroxyketones. Their constitution is indicated by the formation of 
dimethyloxetone by treatment of the addition product of diallylacetone with 
two molecules of HBr with potash solution (VoUmrd, Ann. 267, 90) : 

Br Br 

I I H,0 

CH3CHCH2CH2 CO CH2CH2CHCH3 


\/ I 

CHsCHCHjCHjCCHiiCHjCHCHs 

The oxetones are obtained from the condensation products of the y-lactones 
with sodium ethoxide by elimination of carbon dioxide (see p. 427). 

Oxetone, C7H12O2, b.p. 159-4°. Dimethyloxetone, CgHieOa, b.p. 169*5°, 
D„ = 0-978. Diethyloxetone, CiiH.20^2* b.p. 209°. These oxetones are mobile 
liquids, and possess an agreeable odour. They are sparingly soluble in water. 
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reduce an ammoniacal silver solution, and combine with 2HBr to y-dibromo- 
ketones. 

y-PyronCy (Vol. Ill), may bo considered the anhydride 

of an unsaturated dihydroxyketono. 


4. HYDROXY-DIALDEHYDES 


Nitromalonic dialdehydsy N02CH(CH0)2, or HOgN : C(CH0)2, m.p. 50°, is a 
derivative of the dialdehycie of tartronic or hydroxyrnalonic acid. Its sodium 
salt is prepared from mucobromic acid (p. 457) and sodium nitrite {cf. C. 1900, 
II. 1262). The free aldehyde is obtained from the silver salt by hydrochloric 
acid, in ethereal solution. In aqueous solution it changes into formic acid and 
52/m. -trinitrobenzene (Vol. II). It condenses with acetone in alkaline solution 
to form p-nitrophenob and behaves similarly with a series of other ketones, 
ketonic acid esters, etc. (C. 1899, II. 609: 1900, II. 560). Hydroxylamine 

/CH = N 


converts nitromalonic aldehyde into nitro-isoxazole, N02C<^ | , and salts of 

^CH— O 

the unstable nitromalonic aldehyde dioximCy ikf02N-C(CH : NOH)2, which can 
be converted into nitromalonic aldoxirne nitrile y N02HC(CN)CI1 : NOH, and 
fulminuric acid, N02HC(CN)C0NH2 (p. 296) (C. 1903, I. 957). 

Chloromalonic dialdehydcy ClCH(CHO)2 or CHO CCl : CHOH, m.p. 144° 
(decomp.), and hromomalonic dialdehyde, BrCgHgOg, m.p. 140° (decomp.), are 
prepared similarly to nitromalonic aldehyde from mucochloric and mucobromic 
acids. Aniline causes the loss of CO2 from the acids, and converts them into 
dianils of the dialdehydes, which are liberated by hydrolysis : 


CCICHO -cOa CCbCH : NfiCH, 2HaO CCICHO 

II ^ II ‘ II 

HO2CCCI HCNHCeHg HCOH 


The two dialdehydes are also formed from ethoxy acrolein acetal (C2H50)CH : 
CH-CH(0C2H5)2 (see Malonic dialdehyde, p. 399), by chlorino and bromine. 
The eno/ -configuration (see above) gives rise to strongly acid bodies giving a 
reddish -violet coloration with ferric chloride. Their stability towards alkalis 
is remarkable. Hydrazines give rise to pyrazoles (Ber. 37, 4638). 


5. HYDROXY- ALDEHYDE-KETONES 

Hydroxypyroraceynic aldehyde y CHO-CO-CHgOH, is the simplest hydroxy- 
aldehyde ketone. It is only Imown in the form of its omzoyuiy m.p. 134°, which is 
produced by the interaction of phenylhydrazine and dihydroxy acetone (Ber. 
28 , 1522). 

Acetonetrisulphonic acidy (S03H)2CHC0CH2(S03H), is a derivative of hydroxy- 
pyroracemic acid, prepared by the action of fuming sulphuric acid on acetone. 
It is decomposed by alkalis into methionic and sulphoacetic acid (C. 1902, I. 101). 

6. HYDROXY-DIKETONES 

py-Diketohutyl alcoholy CHgCO-COCHgOH, is the simplest hjrpothetical 
hydroxydiketone. A derivative is cc-dibromoethyl ketoly CHaCBrg'CO-CHgOH, 
m.p. 85°, prepared from bromotetrinic acid (p. 599) and bromine. 

Derivatives of the compound (CH3)2C(OH)COCOCH3 are found among the 
reaction products of nitrous or nitric acid on mesityl oxide oxime (p. 275). 

OL-Ethoxyacetylacetone, (C2H50)CH2C0CH2C0CH3, b.p. 84°/13 mm., is pre- 
pared from ethoxyacetic ester, sodium, and acetone (c/. p. 403) (C. 1907, 1. 871). 

y-AminoacetylacetonCy (CH3CO)2CHNH2, is formed when i^onitrosoacetyl 
acetone is reduced. Nitrous acid converts it into dimethyldiacetylpyrazine (1), 
m.p. 99°, and a diazo -anhydride or furodiazole (2), of which the connecting 
oxygen is easily replaceable by NR and S (see Vol. Ill ; pyrrodiazoles and 
thiodiazoles (Ann. 325 , 129) : 

CH3C— N— CCOCH3 

II I 11 


( 1 ) 


CH3COC— N— CCHj 


( 2 ) 


CH3C— Ov 

II 

CHsCOC— N/i^ 
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HydroxyimthyUne(icetylactoney (CH8CO)2C = CHOH, m.p. 47°, b.p. 199°, 
which is the aci- or enol-form of formylacetylacetone, formyldiacetylmethane, 
(CH3C0)2CH*CH0, is a stronger acid than acetic acid, and soluble in aqueous 
alkali acetates. It readily absorbs oxygen from the air, and is decomposed by 
gentle heating with water and HgO into CO2 and acetylacetone ; copper salt, 
m.p. 214°. 

Ethoxymethylenecicetylactone, (CH3CO)2C : CH(OC2H5), b.p. 141°/16 mm., 
is formed by condensation of acetylacetone with ortho formic ester by acetic 
anhydride. It decomposes with water into alcohol and the previous substance. 
It combines with acetyl acetone to form mcthenyl -bis -acetylacetone, (CH3CO)2C — 
CH — CH(C0CH3)2, m.p. 118°, which is easily changed by ammonia into diacotyl- 
lutidine (Vol. Ill), and by abstraction of water into diacetyl m-crosol. 

Aminomethyleneacetylacetone, (CHaCO)2C : CHNHg, m.p. 144°, is formed from 
ethoxymethyleneacetylacetone and ammonia. Anilinomethyleneacetylacetone, 
(CH3C0)2C : CHNnCgHg, m.p. 90°, results when diphenyl formamidine, CcHgN : 
CH-NHCgHg, is heated with acetylacetone (Ber. 35, 2505). 


7. DIALDEHYDE KETONES 

Mesoxalic dialdehyde, CHO-CO-CHO, is formed, together with acetone 
peroxide, when phorone ozonide (p. 273), (CH3)2C(0a)CHC0CH(03)C(CIIa)2, is 
shaken with water, and the aqueous solution concentrated. It may be in the 
form of a syrup, the hydrate, solidifying to a glass-like substance, or a loose 
light yellow powder (a polymerized body), which, in aqueous solution, is strongly 
reducing in its action. The diphenylhydrazone, CO[CH : NNHCeHgjg, m.p. 175° 
(decomp.), is formed by the action of phenylhydrazine, and also from acetone 
dicarboxylic acid (p. 623) and diazobenzene ; triphenylhydrazone, CeHgNHN : 
C[CH : NNHCflHgla, m.p. 166° (Ber. 38, 1634). 

Dioxime, diiBonitrosoacctone, CO[CH : NOH jg, m.p. 144° (decomp.), is formed 
from acetone dicarboxylic acid and nitric acnd ; further action of NgOg produces 
mesoxalic dialdehyde. The trioxime, HON : C[CH : NOHJg, m.p. 171°, is formed 
by means of hydroxylarnine (Ber. 38, 1372). 

8. ALDEHYDE DIKETONES 

See above, under hydroxyrnethyleneacetylacetone or aci-formyldiacetyl- 
methane (p. 592), 


9. TRIKETONES 

Triketones with adjacent CO groups are obtained from the 1 : 3 -diketones by 
means oi nitroso-dimethyl-aniline, followed by decomposition of the resulting 
dimethylamino anil by dilute sulphuric acid (Ber. 40 , 2714) : 

N0C,H4N(CH,)2 ^ 2 ^ 

(CHaCO)2CH2 ^ (CH3C0)2C : NCeH4N(CH3)2 (CH8CO)2CO. 

These triketones are orange-red oils which form colourless hydrates with 
water. They are very strongly reducing bodies. 

Triketopentane, pentane- PyB-trione, CHaCO-CO-OO-CHa, b.p. G5-70°/30 mm., is 
formed by decomposing the reaction product of nitroso-dimethyl-aniline (Vol. II) 
and acetyl acetone. It is an orange-yellow oil, which unites with water to form a 
colourless crystalline hydrate, CgH^Oa + HgO. The phenylhydrazone, benzene 
azo -acetylacetone, C3H5NHN : C(COCH3)2, and the oxime, iifonit rose -acetyl - 
axjetone, HON : C(COCH8)2» m.p. 75°, are prepared from sodium acetylacetone 
and diazobenzene salts or nitrous acid (Ann. 325, 139, 193). Triketopentane and 
phenylhydrazine form a bis -phenylhydrazone ; with semicarbazide a bis-semi- 
cAirbazone, m.p. 221° ; with hydrazine hydrate, dimethyl-hydroxy -pyrazole {cf, 
1 : 3-diketones, p. 409) ; with o-phenylene diamine, a quinoxaline-derivative 
{cf. 1 : 2-diketones, p. 401). Alkalis decompose triketopentane into 2 molecules 
of acetic acid and formaldehyde. 

pyh-Triketohexane, CHgCO-CO-COCgHg, b.p. 70°/18 mm., is obtained, analo- 
gously to triketopentane, from acetyl methyl ethyl ketone, CHgCOCHg’COCgHj 
(Ber. 40 , 2728). 

py€-Triketohexanc. The trioxime, CHaC(NOH)CH2C(NOH)C(NOH)CHj, m.p. 
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159°, is formed, similarly to succinic dialdoxime from pyrrole (p. 408), from 
j3-nitroso-aa-dimethyl-p3nTole and hydroxylamine (C. 1908, I. 1630). 

Diacetylacetone^ phl-triketoheptaney p^l-heptan^trione, CO(CH 2 COCH 3 ) 2 , m.p. 

49°, is produced from 2:6-dimethyl pyrono, C(CH^)^^’ 

centrated barium hydroxide solution, from which it is separated by hydro- 
chloric acid. It decomposes spontaneously into water and dimethyl pyrone (Ann. 
257, 276). Ferric chloride produces a deep-red colour with it. The oxime, m.p. 
68°, easily turns into an anhydride (Ber. 28, 1817). With sodium and iodo- 
methano it is converted into a dijnethyldiacetylacetone, m.j). 87° (C. 1900, II. 625). 

Acetonylacetylacetone, y-acctylhexane-pc-dione, CH 3 COCll 2 -CH(COCH 3 ) 2 , b.p. 
156°/35 mm., is formed from sodium acetylacetone and chloroacetone (C. 1902, 
11. 346). 


10. DIHYDROXY-MONOCARBOXYLIC ACIDS 

The acids of this series bear the same relation to the glycerols 
that the lactic acids sustain to the glycols, and may also be looked 
on as being dihydroxy-derivatives of the fatty acids. They may be 
artificially prepared by means of the general methods used in the 
production of hydroxy-acids, and also by the oxidation of unsaturated 
acids with potassium permanganate (p. 341) (Ber. 21, R. 660 : Ann. 
283, 109). 

Glyceric acid, dihydroxypropionic acid, CHgOH CHOH COOH, 
is formed : (1) By the careful oxidation of glycerol with nitric acid 
(method of preparation, Ber. 9, 1902 : 10, 267 : 15, 2071) ; or by 
oxidizing glycerol with mercuric oxide and barium hydroxide solution 
(Ber. 18, 3357 : 55, 1406), or with silver chloride and sodium hydroxide 
(Ber, 29, R. 545), or with red lead and nitric acid (C. 1898, I. 26). 
The calcium salt is decomposed with oxalic acid (Ber. 24, R. 653) : 

CH2(0H) CH(0H) CH2-0H -f O 2 = CH2(0H) CH(0H) C0 0H -f H 2 O. 

(2) By the action of silver oxide on )S-chlorolactic acid, CHaCh- 
CH( 0 H)-C 02 H, and a-chlorohydracrylic acid, CH 2 ( 0 H)-CHC 1 *C 02 H 
(p. 421). (3) By heating glycidic acid with water (p. 594). 

Glyceric acid forms a syrup which cannot be crystallized. It is 
easily soluble in water, alcohol, and acetone. It is optically inactive, 
but as it contains an asymmetric carbon atom (p. 37), it may be 
changed to active Icevorotatory glyceric acid by the fermentation 
of its ammonium salt, through the agency of Penicillium glaucum. 
Bacillus ethaceticus, on the other hand, decomposes inactive glyceric 
acid so that the Icevorotatory glyceric acid is destroyed and the dextro^ 
rotatory acid remains (Ber. 24, R. 635, 673). This glyceric acid is also 
formed by reduction of hydroxypyroracemic acid (p. 598), whilst the 
Icevorotatory glyceric acid is obtained by the action of milk of lime on 
glycuronic acid. Further, both forms can be separated by means of 
brucine (Ber. 37, 339 : C. 1905, I. 1085, 1089). 

Stereochemical Relationships.— d-Glycevdldehyde can be oxidized 
by mercuric oxide and sodium hydroxide to Icevorotatory (—)-gly ceric 
acid. This ( — )-glyceric acid is therefore d-gly ceric acid (Ber. 55, 
1404). 

Reactions. — When the acid is heated above 140° it decomposes 
into water, pyroracemic and pyrotartaric acids. When fused with 
potassium hydroxide it forms acetic and formic acids, and when boiled 
with it, yields oxalic and lactic acids. Phosphorus iodide converts 
VOL. I. Q Q 
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it into ^-iodopropionic acid. Heated with hydrocfiloric acid, it yields 
a-chlorohydracrylic acid and a/?-dichIoropropionic acid. (See also 
^-chlorolactic acid (p. 421).) 

When glyceric acid is kept, it forms an anhydride probably analo- 
gous to lactide. This is sparingly soluble in water, and crystallizes 
in fine needles. 

Salts ajid Esters.~lt?^ calcium salt, {CsV[^0^)iCa -f 2H2(). disaolvo.s readily in 
water; lead salt, (C 3 H 504 ) 2 pb, is sparingly soluble in eold water. 

Ethyl ester is formed on heating glyceric acid with absolute alc()}io]. TIh' 
rotatory power of the optically active glyceric esters increases with the molecular 
weight (Ber. 26, R. 540), and attains its maximum with the butyl ester (Ber. 27, 
K. 137, 138 : C. 1897, I. 970). 

The honiologues oj glyceric acid have been obt ained (1) from the corresponding 
dibromo-fatty acids ; (2) from the corresponding glycidic acids on la'ating them 
with water (Ann. 234, 197) ; and (3) by oxidizing the corrt'sponding unsaturated 
carboxylic acids (p. 341) w’itli potassiimi permanganate or persulpburic acid, which 
at the same time occasion sterooisomeric transformation (cf. Dihydrox^stearic 
acid) (Ann. 268, 8 : Ber. 22, R. 743 : C. 1903, I. 319). 

CL^- Dihydroxy butyric acid^ ^-methylgly ceric acid, CHj,CH( 0 H)CH( 0 H)C 02 H, 
m.p. 75°, is resolved into its optically active components by quinidiiic. Also, 
the (-f )-form appears to result from oxycellulose by the action of milk of lime 
(Ber. 32, 2598: C. 1904, I. 933). (xp-Dihydroxyimbutyric acid, cL-methy I glyceric 
acid, CH 20 H-C(CH 3 )( 0 H)C 02 H, m.p. 100°. 

T'iglyceric acid, m.p. 88°, and auglyceric acid, m.p. 111°, are the oxidation prod- 
ucts of tiglic acid and angelic acid (Ann. 283, 109). cc-Ethylgly ceric acid, m.p. 
99°. oL-Propylgly ceric acid, m.p. 94°. a-iaoPropylglyceric acid,, m.p. 102° (C. 
1899, I. 1071). oi-Ethyl-p-methylglyceric acid, CH 3 CH(OH)C(C 2 H,)(OH)COOH, 
m.p. 145°, is formed from a-ethylcrotonic acid (Ann. 334, 68). 

(X^-Dihydroxyiaooctylic acid, (CH3)2CHCHoCH2CH(0H)CH(0H)C02H, m.p. 
106° (Ann. 283, 291). 

CL-i&oPropyl-p-isobiitylglyceric acid, m.p. 154° (Ber. 29, 508). 

Dihydroxy butyric acid, butylglyceric acid, CH2(OH)Cn(OH)CH2C02H, 
is a thick oil. The )3y-dihalogen ancl hydroxy-halogon-butyric acids correspond- 
ing with these, are obtained from vinylacetic acid (p. 345), or from epihalogeno- 
hydrins (p. 587), and hydrocyanic acid. y-Ethoxy-^-hydroxybutyric acid is a 
syrup ; ethyl ester, b.p. 121°/13 nun. ; uiirile, b.p. 245°, is prepared from cpi- 
ethylin (p. 588) and hydrocyanic acid (C. 1903, 11. 106 : 1905, 1. 1586). 

yh- Dihydroxy valeric acid, r’IIjj^UH)CH(OH)CH 2 CH 2 CX) 2 H, rapidly decom- 
poses into water and forms a hydroxylactone. 

Dihydroxyuudecoic acid, CiiH22(0H)202, m.p. 85°, is prepared from undecylenic 
acid tp. 348). Dihydroxy stearic acids, Cj 8 H 34 (OH) 2()2 Oleic and Elaidic 

acids, p. 349) (C. 1902, I. 179 : 1903, I. 319). Dihydroxybchvuic acid, C 22 H 42 - 
( 0 H) 202 , m.p. 127°, is formed from erucic acid, C 22 H 42 fl 2 ' 

Glycidic acids are formed (1) by the action of alcoholic potassium hydroxide 
on the addition product of hypochlorous acid and olefinocarboxylic acid (Ann. 
266, 204) ; (2) by condensation of ketones and a-halogen fatty esters by sodium 
ethoxide or sodium amide, whereby the glycidic esters are formed : 

(CH 3 ),C 0 4- NaNH, r(CH 3 ) 2 C-ONa -1 (CH 3 ) 2 C. 

>\ \ ^ I >0 

ROCOCH 2 CI Lhocochci J rococh/ 

The acids obtained from these esters easily lose COg and change into alde- 
hydes or ketones (C. 1906, I. 669 : Ber. 38, 699). 

In general, the glycidic acids, like ethylene oxide, form addition products 
with the halogen acids, water and ammonia, whereby chloro-bydroxy fatty acids, 
dihydroxy, and amino-hydroxy-fatty acids can be prepared. Many add sodium 
rnalonic ester, etc. (C. 1906, II. 421). 

Glycidic acid, epihydrinic acid, ( , is isomeric with pyroracemic 

acid. It is produced, like epichlorohydrin (p. 587), from a-chlorohydracrylic acid 
and )3-chloro lactic acid by means of alcoholic potassium hydroxide. Glycidic 
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acid, separated from its salts by means of sulphuric acid, is a mobile liquid miscible 
with water, alcohol, and ether. It is very volatile and has a penetrating odour. 
The free acid and its salts are not coloured red by iron sulphate solutions (dis- 
tinction from isomeric pyroracemic acid). It combines with the halogen acids to 
/5-halogen lactic acids, and with water, either on boiling or on standing, it yields 
glyceric acid. Its ethyl ester ^ m.p. 162°, obtained from the silver salt with ethyl 
iodide, resembles malonic ester in its odour (Ber. 21, 2053). 

O 

p-Methylglycidic acid, CHs-dH^H-COOH, is known in two modifications. 
The one, m.p. 84°, unites with water to a/S-dihydroxybutyric acid. The other 
modification is a liquid. 

O 


Epihydrincarhoxylic acid, CH2‘CH‘CH2-COOH, m.p. 225°, is obtained from its 
nitrile, which results from the action of KCN on epichlorohydrin (p. 587). 

OL-Methylglycidic acid consists of shining leaflets. The ethyl ester, b.p. 162- 
164° (Ber. 21, 2054). 

(xP-Dimethylglycidic acid, m.p. 62° (Ann. 257, 128). 

pp-Dimethylglycidic acid is formed as a syrup from a-chloro-jS-hydroxy- 
i^ovaleric acid (Ann. 292, 282) ; ethyl ester, b.p. 181°, is obtained in good yield 
from acetone, chloroacetic ester and sodium amide (see above) (Ber. 38, 707). 
P^-rnethylethylglycidic ester, b.p. 198°; pp-diethylglycidic ester, b.p. 212°; and 
^^-trimethylglycidic ester, b.p. 81°/20 mm., etc., are formed according to method 2. 

Hydroxylactones are formed from those dihydroxy-acids in which the 
hydroxyl group stands in the y-position to the carboxyl group. Thus, a -hydroxy - 
y-lactones are obtained by hydrolysis of cyanohydrins of the aldols (p. 390) : 

CH3CH(0H)CH2CH0H CH3CHCH2CHOH 

I ^ I I 

CN O CO 

H0CH2C(CH3)2CH0H CH2C(CH3)2CH0H 



These hydroxylactones are readily caused by acids to undergo isomeric 
transformation accompanied by wandering of the OH -group ; in the case of 
a -hydroxy valerolactone (see above), the OH-group apparently migrates first to 
the /S- and finally to the y-position, forming Isevulinic acid (p. 477) (Ann. 334, 68 : 
(/. 1904, I. 217). On the other hand, the cyanohydrin of jS-chloro-diothyl-ketone 
(p. 272) and alkali yield salts of ethyltrirnethylene oxide carboxylic acid : 

C2H3C(C00H)-CH2-CH20, b.p. 136°/16 mm. (C. 1908, I. 1615). 

HOCH2CH -O 

8-Hydroxyvalerolactone, \ j , b.p. 300-301°, results from 

CH2CH2— CO 

the action of potassium permanganate 011 allyl acetic acid (Ann. 268, 61). 
Hydroxy caprolactone and hydroxyisocaprolactone, C^HioOs, are colourless liquids, 
into which the oxidation products of hydrosorbic acid by means of KMn04 
rapidly pass on liberation from their barium salts (Ann. 268, 34). Hydroxyiso- 

/ifip^oZac^one, (CH3)2CH-CH-CH(0H)*CH2*C00, m.p. 112°. Hydroxymooctolactone, 

{CH3)8 CH CH, CH CH(OH)CHjCO O, m.p. 33° (Ann. 283, 278, 291). 


Monoamino-hydroxy-carboxylic Acids 

The following sections containing the hydroxy -amino, thio -amino, and di- 
amino-carboxylic acids embrace a number of substances which, with the simple 
amino-acids (pp. 434-445), command the greatest interest, as constituting the 
decomposition products of the proteins — serine, cystine, ornithine, arginine, 
proline, lysine. 

OL-Aminohydracrylic acid, (x-aniino-p-hydroxy-propionic acid, HO-CHgCH- 
(NHg)COOH, m.p. 246° (decomp.), has been named serine, because it was first 



596 


ORGANIC CHEMISTRY 


obtained from sericin (silk-gum). It is also obtained from silk -fibroin, horn, 
gelatin, casein, etc., by hydrolysis with dilute acids. It was first synthesized 
from glycolyl aldehyde (p. 389), ammonia, hydrocyanic acid, and hydrochloric 
acid (Ber. 35 , 3794) ; also, by the following steps : formic ester and hippuric 
ester were condensed by sodium ethoxide to formylhippuric ester, CHO-CH- 
(NHCOCeH6)COOC2H5 (p. 599), which, on reduction, yields benzoylaerine ester, 
H0CH2CH(NHC0C8H5)C00C2H5, m.p. 80° ; this, on hydrolysis, gives serine 
(Ann. 337 , 222). The best synthesis consists in preparing p- ethoxy -oL-amino- 
propionic acid, C2H50CH2*CH(NH2)C00H, m.p. 256° (decomp.), from ethoxy- 
acetaldehyde (p. 390), NHg, HCN, and HCl, and decomposing this with hydro- 
bromic acid (Ber. 39 , 2644). 

Serine forms hard crystals, soluble in 24 parts of water at 20°, but insoluble 
in alcohol and ether. As an amino-acid it reacts neutral, but forms salts witli 
bases and acids. The taste is sweet, like glycocoll. 

Both synthetic and natural serine are optically inactive on account of racemiza- 
tion ; resolution can be effected through the quinine salts of the p-nitrobenzoyl- 
derivative into d- and \-serine, = i 6*8°, m.p. 228° (decomp.), soluble in 
3-4 parts of water. d-Serine tastes sweeter than Z-sorino (Ber. 38 , 2942). 

Serine methyl ester, a S5unp, loses alcohol spontaneously and passes into a 
diketo -piperazine (p. 446) : 

CHjOHCH<q®^>CHCH,OH 


of which the Z-form [a]^j°= — 67-46° appears to be identical with a decom- 
position product of silk-fibroin. 

Nitrous acid converts serine into glyceric acid. PClg changes serine ester into 
)3-chloro-a-amino-propionic acid, which, on reduction, yields alanine ; Z-serine 
gives Z-(-f) -alanine (p. 443). 

P-Naphthalenesulphoserine, m.p. 214°. Serine phenyl isocyanate compound, 

m.p. 169°. 

Amino ’lactic acid, cf.’hydroxy-^-aminopropionic acid, isoserlne, HgNCHg- 
CH(OH)COOH, m.p. 248° (decomp.), is prepared from j3-chlorolactic acid (p. 421) 
or from glycidic acid (p. 594), and NH3 ; from aj5-diaminopropionic acid, hydro- 
chloride, and silver nitrite (Ber. 37 , 336, 343, 1278) ; also by reduction of the 
addition product of acrylic acid and nitrous acid (C. 1903, II. 343) ; iso.^mne 
ethyl ester, m.p. 78° ; methyl ester, a syrup, passes easily into the dipeptide iso- 
seryl isoserme ester. -Z^oSerine ester hydrochloride yields glyceric ester with 
sodium nitrite. Reduction produces j3-alanine (p. 448) (Ber. 37 , 1277 : 38 , 4171). 

OL- Amino -^-hydroQcybutyric acid. CIl3CH(OH)-CH(NH2)COOH, m.p. 230° 
(docomp.), is obtained by reduction of the addition product of crotonic acid and 
nitrous acid. HI and phosphorus yield a-aminobutyric acid (C. 1903, II. 554). 

OL’Aminn-y-hydroxybutyric acid, HOCH2*CH2CH(NH2)COOH, m.p. 207° 
(indefinite), is obtained by the decomposition of jS-hydroxy-ethyl-phthalimido- 
malonic mono -ester lactone, a product of ethylene bromide and sodium phthal- 
imidomalonic ester (C. 1908, II. 683). The hydrobromide of the lactone (for- 
mula, see below) is obtained by heating together hydrobromic acid and y-phenoxy- 
a-aminobutyric acid, m.p. 233° (decomp.). This substance is prepared by acting 
with ammonia on phenoxybromobutyric acid, the result of brominating and then 
decomposing phenoxyethylmalonic acid. The oily lactone changes spon- 
taneously into di-P’hydroxyethyldiketopiperazine, m.p. 192° (Ber. 40 , 106) : 


CO 

NHj 


HOCHjCHjCH<^^>CHCH,CH,OH. 


CL’ Amino-y-hydroxy valeric acid, CH 3 CH(OH)CH 2 CH(NH 2 )COOH,'^m.p. 212° 
with decomposition, is prepared from aldol, NH3, HCN, and HCl. Like the 
previous substance, it readily passes into the aminolactone, b.p. 124°/13 mm., 
which spontaneously changes into the dipeptide anhydride, m.p. 224°. Reduction 
with HI yields a-amino-n- valeric acid (Ber. 35, 3797). 

B’AminO’y’hydroxyvaleric acid, NH2CH2CH(OH)CH2CH2COOH, is formed 
from allylacetic acid dibromide (Ber. 32, 2682). 

CL- Amino -h -hydroxy valeric acid, HOCH2’CH2CH2CH(NH2)COOH, m.p. 224° 
(decomp.), is prepared from phthalimidobromopropylmalonic ester, BrCH2CH2- 
CH2C(C02R)2N(C0)2CeH4 (C. 1905,11. 398). 
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Aminothiolcarboxylic Acids 

Cysteine f HS CH 2 -CH(NH 2 ) *00011, the sulphur analogue of serine, very readily 
passes by oxidation in the air to disulphide cystine (•S*CH 2 *CH(NH 2 )*COOH) 2 . 
A derivative of cysteine of physiological importance is the tripeptide glutathione, 
first isolated by Hopkins in 1921 (Biochem. J. 15, 280). It is of importance 
in many cellular oxidation processes. It was at first regarded as a dipeptide 
of cystine and glutamic acid, but more recent work (J. Biol. Chem. 72, 147 ; 
84, 269 : 87, 55 : 88, 409) shows that it is a tripeptido containing glycine, 
of the constitution 

H0C0CH(NH2)CH2*CH2*C0-NHCH(CH2*SH)*C0*NH*CH2*C00H 

Glutamic acid. Cysteine. Glycine. 

The disulphide, cystine, UOOG'CK{NIl^)CH.^S‘SCH ^Cli(NK^)OOOK, decorn- 
poses at 258-261°. The Icworotatory form of this substance is obtained from 
many proteins, especially from hair, horn, egg-shells. It is the chief sulphur 
compound of the proteins. It occurs also in the calculi of patients with cystinuria 
(C. 1905, II. 1237). Cystine and cysteine yield a black precipitate of PbS with 
lead acetate solution and give a purple colour with sodium nitroprusside and 
alkali. The action of nitrous and hydrochloric acids changes cystine into a-chloro- 
dithiolactic acid, (SCH 2 CHCl'COOH) 2 , which yields ^-dithiopropionic acid, 
(SCH2CH2C00H)2, on reduction. Bromine water oxidizes it to cysteinic acid, 
S 03 H*CH 2 CH(NH 2 )C 00 H, which loses COg and changes into taurine, SOaH-- 
CHaCHjNHa (p. 376) (C. 1902, II. 1360). 

Cysteine and cystine are closely connected with serine : (1) when j8-chloro-a- 
aminopropionic acid (above) is heated with Ba(SH) 2 , it yields first cysteine and 
then cystine ; (2) the synthetic benzoyl serine ester (p. 596), treated with PgSg 
gives benzoyl cysteine ester, HSCH 2 CH(NHCOC 2 H 5 )COOC 2 H 5 , m.p. 158°, which 
on hydrolysis is changed to ^-cystoine and i-cystine (Ann. 337, 222 : Ber. 40, 
3717). Z-Serine produces the natural lanvorotatory cystine [a]^® = — 224°. 
Cystine forms crystals which dissolve with difficulty in water. 

Salts (C. 1905, II. 220) ; dimethyl ester is a svrup ; hydrochloride, m.p. 173° 
(decomp.) (C. 1905, II. 1237). 

Oi-Thio-p-aminoprojnonic acid, mocysteine, NH 2 CH 2 CH(SH)COOH, hydro- 
chloride, m.p. 141° (decomp.), is obtained from jS-alanine (p. 448) by transforma- 
tion of the ureide, hydrouracil (p. 501) — into bromohydrouracil, this into thio- 
cyanohydrouracil, and the decomposition of the latter with hydrochloric acid: 

CO NH-CHj NH 2 CH 2 

I I ^ I 

NH— CO— CHSCN COOHCH-SH 

woCystoine is oxidized by iodine to isocystine, [SCH(CH 2 NH 2 )COOH] 2 , m.p. 155° 
(decomp.) ; and by bromine water into isocysteinic , acid, H 03 S*CH(CH 2 NH 2 )- 
COOH (Ber. 38, 630). 

OL-Thio-y-aminohutyric acid and y-amino-a-hutyrosulphonic acid, NHjCHg- 
CH2CH(S08H)C00H (Ber. 41, 513). 

y-Methylthiol-cL-aminobutyric acid. Methionine, MeS*CH 2 *CH 2 *CH(NH 2 )*- 
COOH, is an amino acid isolated from casein by Mueller in 1923 (J. Biol. Chem. 
56, 157) : it has m.p. 281° and [a]^® — 7*2° (yjrobably partly racemized) : it 
has recently been synthesized by Barger and Coyne (Biochem. J. 22, 1417). 

Diaminomonocarboxylic Acids 

Diaminopropionic acid, CHgNHg-CHNHg-COgH, is obtained from ajS-dibromo- 
propionic acid by means of aqueous anunonia ; also by the decomposition of 
hippuryl aspartic acid (p. 610). Optical resolution has been performed by means 
of its salts with cZ-camphorsulphonic acid (Vol. II) ; and through the quinidine 
salts of dibenzoyldiaminopropionic acid (C. 1906, II. 1119: Ber. 39, 2950). 
The dextrorotatory {hydrochloride, [ajo + 25*09°, m.p. 245° (decomp.) Ber. 40, 
1068) compound reacts with 1 molecule of HNO 2 to form i^oserine (p. 596), and 
with 2 molecules of HNOg to produce Z-glyceric acid. Diaminopropionic methyl 
ester is changed by heat into the ester of diaminopropionyldiaminopropionic eicid, 
one of the dipeptides (Ber. 38, 4173). 

aP-Diaminobutyric acid, CH 8 CH(NH 2 )-CH(NHa)COOH, is formed from 
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aj5-dibromobiityric acid and ammonia, together with a hydroxyaminobutyric 
acid (C. 1906, ’ll. 764). 

(xy-Diaminobytyric acidy NH 2 CH 2 CH 2 CH(NH 2 )COOH, is obtained from 
phthalimidoethylmalonic ester by bromination, hydrolysis of the phthalimido- 
a-brornobutyric acid formed, treatment with NHg, and final decomposition ; 
dibvnzoyl derivative, m.p. 20r' (Ber. 34 , 2900). 

ah-Diartmwvaleric acidy NH 2 CH 2 CH 2 CH 2 CH(NH 2 )COOH, is synthetically 
prepared from 8-phthalimido-a-broinovaleric acid, and from the condensation 
product of plithalimidopropyl bromide with sodium phthalimidomalonic ester 
(C. 1 9011, II. .*14). It is the optically inactive form of the dextrorotatory ornithine. 
This body is produced, together with urea by the action of barium hydroxide 
solution, on arginine, oi-amino-h-guanidinovaleric acidy NH 2 (NH)C*NHCH 2 - 
CH 2 CH 2 CH(NH 2 )C 00 H, a substance found among the decomposition products 
of many animal and vegetable proteins (Ber. 34 , 3236 : 38 , 4187). (Conversion 
of arginine into ornithine, see Z. physiol. Chern. 159 , 179.) Permanganate 
converts arginine into y-guanidinobutyric acid (C. 1902, II. 200). It is prepared 
synthetically from cyanamide, CN-NHg, and ornithine (Bor. 34 , 454 : C. 1902, I. 
300). The diboizoyl derivative of ornithine, ornithuric acidy m.p. 185°, occurs 
in the urine of hens when fed with benzoic acid (Ber. 31 , 3183). 

CH2*CH(COOH)v 

(X-Pyrrolidinecarboxylic acidy proline, | JNNH, is the iminc- of 

CH2CH2--^ 

aS-diaminovaloric acid. It results when casein, gelatin, and other proteins 
are treated v ith hydrochloric acid. It is related to the coca-alkaloids (Vol. III). 
It can be synthetically prepared in several ways, more particularly from a8-di- 
bromovaleric acid and ammonia : and from S-bromo-a-aminovaleric acid, the 
decomposition product of bromopropyl phthalimidomalonic ester (C. 1908, 
II. 680 : Ber. 33 , 1160 : 34 , 458 : 37 , 3071 : C. 1902, II. 284). 

Oi€-Diafninocaproic acidy NH 2 CH 2 CH 2 CH 2 CH 2 CH(NH 2 )COOH, is prepared 
synthetically by the reduction of a-hydroximido-y-cyanovaleric acid by moans 
of sodium and alcohol. This product is the inactive form of the optically active 
lysine, which is formed in th(^ decomposition of casein and other proteins. Pan- 
creati(^ decomposition converts lysine into pentamethylone diamine (cadaverine, 
j). 384) ; and ornithine into t etramethylene diamine (putrescine, p. 385) (Ber. 32 , 
3542 : C. 1 902, 1 . 985). Permanganate oxidizes lysine into glutaric acid, together 
with hydrocyanic and oxalic acids (Ber. 35 , 3401). 

Like the simple amino-aci<ls, the hydroxyamino-, thioamino-, and diamino- 
carboxylic acids are connected with one another and with the mono-amino acids 
in so far that through their amides +hoy go to form protein-like bodies, such as 
di- and poly-peptidos and dipeptide anhydrides (diketopiperazines, p. 446). 
Therefore, in general, similar methods of formation can bo employed in both 
cases ; diglycv Icystine, [NH 2 CH 2 CONHCH(COOH)CH 2 SJ 2 , is prepared from bis- 
chloT’oacetyl cystine and ammonia ; Icucylproliney from bromowocaproyl pro- 
iino ; aahydridcy m.p. 126-129”. Prolylalanine, from aS-dibromovalerylalan- 

yCHa-N— COCHa 

ine ; an/iydr^c, m.p. 171-121°. Prolylglycme anhydrideyCll^^ I \ > 

\CH2-CH— CONH 

m.p. 183°, is obtained by tryptic digestion of gelatin (c/. Ber. 37 , 3071, 4575 : 
38,4173: 39 , 2060, etc.). 

Dihydroxyolefine Monocarboxylic Acids 

The y-lactoncs of these bodies are the tetronic acid and mono -alkyl totronic 
acids. These substances can also bo looked on as being the aci -forms of ^-keto- 
y-lactones. They are, therefore, considered under the heading of hydroxy- 
ketone-carboxylic acids (below) according to the principle set down on p. 453. 

11, 12. ALDO-HYDROXY-CARBOXYLIC ACIDS AND 
HYDROXY-KETO-CARBOXYLIC ACIDS 

Hydroxy pyroracemic acidy CHgOH'CO-COOH, or tartronic acid scini-aldehydcy 
CHO*CH(OH)COOH, is formed when nitrocellulose (collodion cotton) is treated 
with sodium hydroxide solution. Reduction converts it into (-f) -glyceric acid ; 
hydrocyanic and hydrochloric acids produce I- and some meso-tartaric acid (C. 
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190/), T. 1088). Formyl- or hydroxymethyleme hippuric ester ^ OCH'CH(NH- 
C0CflH6)C02R, or HOCH : C(NHC0CeH5)C02K, m.p. 128" (c/. p. 596). Tri- 
bromomethyl ketol, CH2^^tl*CO-CBr3, decomposes at 174" (see Bromotetronic acid, 
below). 

The following substances are derived from a-hydroxyacetoacetic acid, 
CH3C()CH(()H)C()(:)H, and y-hydroxyacetoacetic acid, HOCH2COCH2(X^OH, 
or from their enols both of which are unknown in the simple form. 

Oi-Tkioacetoacetic esters S[CB(C0CH3)C02C2H5]2, keto-icirm, m.p. 76°, is 
prepared by the action of sulphur chloride or thionyl chloride on acetoacetic ester. 
The solid keto-ioTra is converted into the oily eywl-iovm. by the influence of 
solvents (alcohol, benzene), or a trace of alkali ; soda causes the re -production 
of the keto-body (Ber. 39 , 3255). Benzene-sulphoyiyl-ihioacetoaceiic ester^ 
S02’SCH(C0CH3)C02C2H5, m.p. 55°, is prepared from a-chloroacetoacetic ester 
and benzene thiosulphonate (J. pr. Chern. [2] 70 , 375). 

oi-Aminoaceioacctic acidy CH3C0*CH(NH2)C00C2H5, is obtained by the 
reduction of /.■jonitrosoacetoacotic ester (p. 602) by zinc and sulphuric acid, 
together with dirnethylpyrazinedicarboxylic ester (Vol. II). Aminoacetoacetic 
ester reacts with nitrous acid to form diazoacctoacctic ester y CH3-C()-C( : Ng)-- 
COgEt, an oil, b.p. 102— 104°/12 mm. Alkalis convert it into acetic and diazo- 
acetic acids (p. 458). When boiled with water or superheated to above 110°, it 
breaks down into nitrogen and methylmalonic mono-ester (L. Wolfjy Ann. 
325 , 129), a decomyjosition which may be explained as follows {Schroeter) : 

/N 

CH3C0C(C0„R)< II > Nj + CUaCOC(COjR)< >■ 

\n H.0 

CHjC(COjR) = CO > CH,CH(C().,H)C02H. 

Ammonia or amines convert the diazo -anhydride into triazoles : H2S produces 
thiodiazoles (Vol. III). /3-Diketones react with it as with aromatic diazo -bodie . 
(Vol. TI), forming azo -compounds, such as hydrazones, which easily condense 
further to pyrazoles. 

Lactones of the y-hydroxyacetoacetic acids (pp. 47(5, above) are tetronic acid 
and the alkyl tetronic sfJda. Substam^es of tliis (dass were obtained by Demart^ai 
from y-mono-bromo-substituted mono-alkyl acetoacetic esters by alcoholic 
potassium hydroxide, and wore named by him tetrinic acid, pentinic acid, etc. 
Michael recognized in tetrinic acid a keto-lactone (formula 1). L. Wolff examined 
the parent substance of these compounds and called it tetronic acid, and derived 
De/tnarQa'if s acids from it mider the names of a-mothyl-, a-ethyl tetronic acid, etc. 
(Ann. 291 , 226). The keto- and enol-forrnulae (.A. and B) are applicable to tetronic 
acid and a-methyltotronic acid (tetrinic acid) : 

C0CH2\ C(0H)CH2\ 

A. I >0 B. II >0 

CHgCH • CO/ CH3C— — CO / 

Conrad and Gast favour the hydroxyl formula, through indirect evidence, 
namely : that they prepared the lactone of y-hydroxydialkylacetoacetic acids 
from dialkylacetoacotic esters through the y-bromo ester, and they showed 
that these true keto-lactones differ throughout in boiling-point and chemical 
behaviour from tetronic acid and the a-alkyl tetronic acids. 

Tetroyiic acidy (1) (below) is prepared from synthetic tetronic carboxylic ester, 
by hydrolysis, and elimination of COg (Ber, 36 , 471 ) ; also by reduction by sodium 
amalgam of cL-hro'motetro7iic acidy (2) the decomposition product of ay-dibromo- 
acetoacetic ester. Dibromotetronic acidy (3) is obtained from bromotetronic acid 
and bromine. It slowly decomposes into bromotetronic acid and tribromo- 
methyl-ketol (above), with elimination of CO2. 

C(0H)CH2\ C(0H)CH2\ CO— CH2\ 

II >0 li >0 ^ I >0. 

CH— CO/ CBr -0/ CBr2— CO/ 

(1) (2) (3) 

C(0H)CH2\ 

Tetrinic acid, oL-methyltetronic acidy 1| ^O, m.p. 189^, b.p. 292°, 

CHaCCO ./ 

with partial decomposition, results on heating y-bromomethylacetoacetic ester 
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or by treating it with alcoholic potassium hydroxide. Heated with water to 
200°, it breaks down into ethyl ketol (p. 394) and COg, and when it is boiled 
with barium hydroxide it yields glycollic acid and propionic acid. Chromic acid 
oxidizes it to diacetyl and COg (Ann. 288, 1). 

PerUinic acid, cc-ethyltetronic acid, m.p. 128°. Hexinic acid, a-propyltetronic 
acid, m.p. 126°. Heptinic acid, a.-isobutyltetronic acid, m.p. 150°. 

The tertiary methinic group of the tetronic acid (formula 1, above) and the 
methylene group in the diketone formula {A. above) react most actively with 
other substances : iodine produces directly iodotetronic acid ; fuming sulphuric 
gives rise to svlphotctronic acid. Nitrous acid gives oximinotetronic acid, oximino- 
ketobutyrolactone, (C^HgOa) : NOH, m.p. 136° (decomp.), which on oxidation 
yields nitrotetronic acid, (C4H2O3) : NOOH, m.p. 195° (decomp.) ; this substance 
can also be prepared directly from tetronic acid and nitric acid. Reduction of the 
nitro compound produces aminotetronic acid (4), from which nitrous acid pro- 
duces diazofetronic anhydride (5), m.p. 93°. It is stable towards acids, but with 
alkalis generates nitrogen and forms glycollogly collie acid (6), m.p. 100° (p. 420) : 

yCHaC(OH) yCHaC— /CHaCOOH 

OC; II ► 0<( II >N y o< 

\CO • C(NHj) \CO • C— \CO CH^OH 

(4) (5) (6) 

Tetronic acid reacts with diazobenzene salts to form diketobutyrolactone 
phenylhydrazone, (C4H2O3) : NNHCgHg, which is isomerized by alkalis to salts 
of benzene azotetronic acid. a-Methyltetronic acid is converted by diazobenzene 
salts into glycolylpyroracemic acid phenylhydrazone, with rupture of the ring : 




C 0 C(CH3) : NNHCeHg. 


Aldehydes and ketones unite very readily with two molecules of tetronic acid 
to form alkylidene bis-tetronic acids, (C4H303)2CRRi, substances from which 
further condensation produces a series of interesting cyclic compounds (see Vol. 
II) (Ann. 312, 119: 322, 351). 

Ethoxyacetoacetic ester, (CaH50)CH2C0CH2C00C2H5 or CH3*CO-CH(OC2H6)-- 
COaCgHg, b.p. 105°/44 mm., is formed by reduction of ethoxychloroacetoacetic 
ester, the condensation product of chloroacetic ester and sodium (Ann. 269, 15). 

y-Methoxydirnethylacetoacetic ester, (CH80)CH2'C0*C(CH3)2C02C2Hb, m.p. 
70°, b.p. 241°, is prepared from y-bromodimethylacetoacetic ester and sodium 
methoxido in methyl alcohol (Ber, 30, 856). 

y-Acetoxy-a-acctylbutyrlc ester, C2H30*0CH2*CH2CH(C0CH8)C02CH3, b.p, 
150-153°/! 2 mrn., is formed from crlycvjl bromoacetin (p. 373) and sodium aceto- 
acetic ester (C. 1904, II. 586). 

oi'Hydroxylcevulinic acid, CH3C0*CH2CH(0H)C02H, m.p. 103°, and j3- 
hydroxyloevvlhdc acid, CH3C0CH(0H)CH2C02H, an oil, are prepared from the 
corresponding bromolsevulinic acids (Ann. 264, 259). Chloral acetone (p. 394) 
may be considered as being the ortho trichloride of the first of these acids. 

OL- Amino ’Oi-methyllocvylinic acid ; the nitrile (formula, see below), b.p. 
108°/17 mm., is formed from acetonylacetone (p. 405) and ammonium cyanide. 
It readily loses water and passes into a cyclic imine or pyrroline derivative 
(Ber. 40, 2886) : 


CH 2 COCH 8 CH2-C(CH3)(NH2)CN CHj— C(CH3)\-CN 

I ^ I ► I >NH. 

CH2COCH3 CH2COCH3 CH=C(CH3)/ 

KetohydroxysteMric acid, CH3[CH2]5CH(OH)CH2CH2CO[CH2l7COOH, m.p. 
84°, is obtained from ricinostoarolic acid (p. 354). An isomeric ketohydroxy- 
stearic acid, m.p. 64°, is obtained by oxidizing oleic acid with permanganate in 
neutral solution (Ber. 36, 2657). 


13. ALDEHYDOKETONE CARBOXYLIC ACIDS 

Olyoxalcarboxylic acid, mesoxalic semialdehyde, CHO'CO'COaH, is formed by 
the oxidation of tartaric acid by chlorine in the presence of ferrous salts ; also 
from dihydroxymaleic acid {q.v.) and ferric sulphate (C. 1902, I. 857, 978). Uric 
acid may be looked upon as the diureide of this half-aldehyde of mesoxalic acid. 
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Di-imnitrosopropionic acid^ HON : CH-C (: NOH)-C02H, is the dioxime of 
glyoxylcarboxylic acid. It is obtained from dibromopyroracemic acid. It is 
known in two modifications, m.p. 143” and 172” (Ber. 25, 909). Furazan- 
, ^NrCCOaH 

carboxylic acid, ♦ m-P- 107”, is the anhydride of this dioxime. 

It results from the oxidation of furazanpropionic acid with KMn 04 . Sodium 
hydroxide causes it to rearrange itself into i^^onitrosocyanoacetic acid (Ann. 
260 , 79 : Ber. 24 , 1167). Omzone of glyoxylcarboxylic acid, CH(NNHCgH 5 )C- 
(NNHCflH 5 )COOH, m.p. 223”. 

Olyoxylpropionic acid^ HCO-CO-C1I2CH2C02H, results, together with diacetyl, 
when jSS-dibromolaevulinic acid is boiled with water. It forms a yellow varnish. 
It passes into succinic acid upon oxidation. OximCy HC(:NOH)*C(:NOH)*- 
CH2-CH2-C02H, m.p. 136”. Concentrated sulphuric acid changes it into the 
, , . , . . . . , ^ : C CH2CH2CO2H 

anhydride, Jurazanpropiomc acid, 0<" • , m.p. 86”. Sodium 

^N : CH 

hydroxide converts this acid into cyanoximidobutyric acid (p. 623), whilst with 
potassium permanganate it yields furazancarboxylic acid. In the form of a 
keto-aldehydo (see pp. 399, 401), glyoxylpropionic acid condenses with ammonia 

xN— CH 

and formaldehyde to a glyoxaline propionic acidy CH<^ || , 

\NHCCH 2 CH 2 CO 2 H 

which is also produced from histidinCy one of the protein decomposition bodies 
(C. 1905, II. 830 : 1908, II. 606). 

Qlyoxylimhutyric acidy CHO*CO*C(CH 3 ) 2 COOH!|feQ.p. 138°, is obtained from the 


isomeric lactoncy (HO)CH-CO-C(CH 3 ) 2 COO, m.p. 168”, by solution in soda and 
subsequent precipitation by hydrochloric acid. 

The lactone was obtained on treating y-methoxydimethylacetoacetic ester 
with bromine, and then decomposing the monobromosubstitution product with 
water (Ber. 30, 856). 

Derivatives of an aldehydo-keto -carboxylic acid, CH0’CH2C0‘C02H (or 
an unsaturated hydroxy-mdehydic acid, CHO-CH : C(0H)C02H), are probably 
exemplified by muco -hydroxy -chloric acid and muco -hydroxy -bromic acid (p. 457) 
(Am. Chem. J. 9, 148, 160). 

Formylacetoacetic acidy CHO*CH(COCH 3 )COOH, and in its desmo tropic 
cnol-formsy HOCH : C(COCH8)COOH, and CH 3 C(OH) ; C(CH0)C02H, is the 
hypothetical acid from which may, perhaps, be derived 


Hydroxymethyleneacetoacetic ester, HOCH=C<^^q^^^®, b.p. 95°/21 mm., 

which is formed by the action of water on ethoxymethyleneacetoacotic ester, 
n TT rk — b.p. 150”/15 mm. The latter substance is obtained 

C2H 5U bil - 

from orthoformic ester and acetoacetic ester by heating them with acetic anhy- 
dride (Ber. 26 , 2730). Hydroxymethyleneacetoacetic ester is a strong acid (see 
hydroxymethylone acetyl acetone, p. 592) ; it is readily soluble in alkali ace- 
tates, but is insoluble in water ; copper salt, m.p. 156°. Ethoxymethylene- 
acetoacetic ester is converted by ammonia into aminomethyleneacetoacetic eater 
(CgHgOs)— CH-NHg, m.p. 55”, and combines with acetoacetic ester to form 
inethenyl bis-acetoacetic ester, (CflUgOg) : CH(CflH 903 ), m.p. 96”. The latter is 
converted by ammonia into lutidine dicarboxylic ester (Vol. II) ; and by sodium 
ethoxide into m-hydroxyuvitic acid {L. Claiseriy Ann. 297 , 14). When alkoxy- 
methyleneacetoacetic esters are melted with sodium acetoacetic ester, two dyes 
of undetermined structure are formed — xanthophanic acid and glaucophanic 
acid (Ber. 39 , 2071). 


14. DIKETOCARBOXYLIC ACIDS 

Paraffin Diketocarboxyllc Acids. — ccp-Dikctobutyric acid, acetylglyoxylic 
acidy CHsCO-CO-COOH. The acid is unknown in the free state, but the esters 
are obtained when acetoacetic esters are acted on by NjOg, in acetic anhydride 
and ether solution. The esters are orange -yellow, mobile liquids (c/. a-Diketones 
and a-Triketones, p. 592), which combine with water to form colourless crystalline 
hydrates : methyl eater, b.p. 65-68'^/l2 mm., -f H 2 O, m.p. 80” ; ethyl eater. 
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b.p. TOyill mrn., -f iHgO, m.p. 148°; i&ohutyl ester, b.p. 96-100°/18 mm., 
+ m.p. 115-120°. 

iHoNitroso-acetoacctic ester, CH3C0C(N0H)C02R, is an intermediate product 
in the formation of the above esters. The ethyl ester, m.p. 56°, b.p. 155°/i5 mm., 
can bo isolated by treating acetoacetic ester in acetic acid solution with ice-cold 
sodium nitrite solution ; the action of NOg converts it into the diketobutyric 
ester (C. 1905, I. 1591 : II. 34) : 

CH3CO hono CH3CO CO. CH,CO 

I ^ I V I 

ROCOCH2 ROCOC-NOH ROCOC-0 

i^oNitroso -acetoacetic ester is also formed from acetylmalonic ester (p. 619) 
and nitrous acid. One molecule of hydroxylamine produces oL^-di-imnitroso- 
butyric ester, CIl3C(NOH)-C(NOH)C02C2H5, m.p. 161°, which is changed by 
hydrochloric acid into i^onitroso-methyl-isoxazolone (1), m.p. 159°, whilst nitric 
acid causes the formation of a peroxide (2), m.p. 92° (Ber. 28, 2683 : 38, 926) ; 
which probably has the furoxan constitution (3) : 


CH3C*C(N0H)C0 


NOON 


CH3— C— C— COOH 
(3) II i>0 
N N 


\/ 

O 

P-rhenylhydrazo7ie, CH3 C(NNHCbH 6)*C0-C02C2H5, m.p. 103°, is formed 
from diketobutyric ester an# one molecule of phony Ihydrazine in the cold. 
OL-Phe)\yJhydrazo7ie, CH3C0-C(NNIlCflH5)C02C.2H5, m.p. 154°, is prepared from 
sodium acetoacetic est-er and diazo-benzene salts ; with phenylhydrazine it forms 
the osazone, m.p. 209° (Ann. 247, 205 ; C. 1904, II. 588). 

Py-Diketovaleric acid, CH3CO*CO*CH2C02H, is unknown ; but its derivative, 
P'iBonitrosolamilitiic acid, CH3C0-C(NC3H)CH2C02H, m.p. 119° (docomp.), is 
formed from acetosuccinic ester (p. 622). When fused, it loses CO2 and changes 
into is’onitroso-ethyl-methyl-ketone (p. 407). 

a-Diketocarboxylic acids include also stearoxylic acid, and behenoxylic acids, 
etc., which have already been referred to (p. 352). 

0X-Diketo8iearic acid, m.p. 96°, is obtained from ricinostearolic acid (p. 354) 
(C. 1907, I. 916). 

^-Diketocarboxylic Acids. — Acetylpyroracemic ester, acetoneoxalic ester, 
ay-dikctomleric ester, Cll3C0*CH2C0*(J02C2H5, is formed from one mole- 
cule of ac^etone, one molecule of oxalic ester, and sodium ethoxide solu- 
tion (C. 1908, 1. 1379). Ferric chloride produces a dark-red colour. 
The free acid liberated from the ester condenses to ^m.-hydroxytoluic 
acid, C02HCgH8(0H)CH3 (Ber. 22, 3271). Acetoneoxalic ester and phenyl- 
hydraziiie form phenylpyrazolecarboxylic ester, m.p. 133° (Ann. 278, 278). With 
chloral it behaves as an a-hydroxy acid and there results acetylpyroracemic 

chloralide, CH 3 CO CH : m.p. 137° (Ber. 31, 1305). 

Besides acetone, other ketones, such as ethyl methyl ketone, ^obutyl and 
butylmethyl ketones, react with oxalic ester and sodium alcoholate to form 
propionylpyroracemic ester, CHgCHgCO -0112000020211 5 (?), b.p. 73-78°/0-6 mm. ; 
acid, m.p. 83° (Ber. 39, 1333), isobutyrylpyroracemic ester, (OH3)20HOO-OH2- 
OOOO2O2H5, and butyrylpyroracemic ester, OH3OH2OH2OOOH2OOOO2O2H5 
(0. 1902, II. 189: 1903, I. 138) respectively. 

Diacylacetic Esters. — The hydrogen in acetoacetic ester can not only bo 
replaced by alkyls, as abundantly shown above, but also by acid radicals (c/. p. 
474), by acting with acid chlorides on the sodium compound suspended in ether. 

OL’Acetylacetoacetic ester, diacetylacetic ester, (OH800)20H00202H5, b.p. 
123°/50 mm., is prepared by the action of acetyl chloride as indicated above ; 
by the transformation of the isomeric j3-acetoxycro tonic ester by means of 
K2OO3, or by heat (p. 474) ; by the action of alcohol on the reaction product of 
AlCls and acetyl chloride, (CH8C0)2CH-CCl20AlCl2 (p. 403) {Oustavson, Ber. 21, 
R. 252). The anilide, (CH8CO)2CH-CONHCeH6, m.p. 119°, results from the union 
of diacetyl methane with phenyl isocyanate, and a trace of alkali (Bor. 37, 
4627 : 38, 22). The diacetoacetic ester, like acetoacetic ester itself, forma 
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metallic derivatives. Water at ordinary temperatures slowly converts it into 
acetic acid and acetoacetic ester : sodium ethoxide causes the displacement of 
the acetyl group with the formation of acetic ester and sodium acotoaetic ester. 
I’yridine and acetyl chloride form an O-acctate, CH3C(OCOCH3) ; C(C0CH3)C02- 
CgHg, b.p. 143°/10 mm. (Ber. 33, 1245). Cyarwacetylacetoncy see Acetyl acetone 
(p. 403). Methyldiaceto -acetic ester and ethyldiacetoacetic ester are volatile only 
under reduced pressure. 

Diacylacetoacetic esters containing two different acid radicals can be decom- 
posed in three ways (c/. pp. 258, 403, 471). When such an ester is treated with 
water at 148-150°, there are formed diacylmethanes, COg, and alcohol ; am- 
monia or fixed alkali in the cold produces mono-acyl-acetic ester and acetic 
acid ; heated with hydrochloric at 130-140° it breaks down into alkyl methyl 
ketone, CO2, acetic acid, and alcohol (C. 1903, I. 225) : 


RCO 

CH3CO 



RCOCH2COCH3 + CO2 f C2H3OH 
RCOCH2CO2C2H5 + CHgCOOH 
RCOCH3 + CO2 + CsHsOH + CHaCf^II. 


Alkyl iodides react with sodium diacylacetic esters anrl form acylalkylacetic 
esters by replacement of the acetyl group (C. 1904, 11. 25). 

Propionylacetoacetic ester, C2H5C00H((X)CH3)C02C2H5, b.p. lll°/2() mm. ; 
copper salt, m.p. 89°. n-JJutyrylaeetoaretic methyl estci, b.p. 105°/14 mm. iso- 
Butyrylacetoacetic ester, b.p. 114°/15 mm. Caproy lace toace tic ester, b.p. 13fi°/10 
mm. Butyryl i&ohutyrylacetic ester, (JH3CH2CH2C0CH[C0C11(CH3)2]C02C.,H3, 
b.p. 125°/i8 mm. 

^^-Diacetopropionic ester, (CH3CO)j5CHCH2C02C2H5, b.p. ]47°/24 min., 
Pp-diacetoieobutyric ester, (CH3C0)2CHCH(CH3)C02C2H3, b.p. 150°/33 mm., 
yy-diacctohutyric methyl ester, (CH3CO)2CH01l2CH2C()2CH3, b.p. lory24 mm., 
are formed from sodium acetyl acetone and chloroacetic ester, a-bromopropionic 
ester, and /3-bromopropionic ester, respectively. Sodimn alcoholate decomposes 
diacetopropionic ester into acetic ester and lievulinic ester ; sodium alcoholate 
and iodomethane break it down into acetic ester and j8-methyl Isevulinic ester. 
Diacctobutyric ester undergoes similar changes (C. 1902, II. 345). 

y-Acetylacetoacetic acid, triacetic acid,, is prepared in the form of its lactone. 


CHgC : CHCO-CHaCOO, by heating dehydracetic acid {q.v.) with sulphuric acid 
(Ber. 34, R. 857). When heated with acetic anhydride and sodium acetate it 
is then reconverted into dehydracetic acid (Ber. 37, 338 : C. 1905, I. 348 : 1900, 
II. 1044). 

y-Acetyldimethylacetoacetic methyl ester, a-dirnethyltriacetic ester, CHgCO-- 
CH2-C0C(CH3)2C02CH3, is formed, together with ^A•obutyric ester, from dimethyl- 
acetoacetic methyl ester and sodium at 115—125° (Bor. 31, 1339). 

y-Acetyl-cn-dimcthylacetoacetic ester is similarly formed from diethyl aceto- 
acetic ester and sodium ethoxide (Ber. 33, 2683). 

y-Diketocarboxylic Acids. — Acetonylacetoacetic ester, txP-diacetopropionic 
est,e,r, CH3COCH2'CH(COCH3)C02C.2H5, is formed from chloroacetone and sodium 
acetoacetic ester. Fuming hydrochloric acid turns it into pyrotritaric ester 
(Ber. 17, 2759). When heated with water to 100° the ester yields acetonyl 
acetone (p. 405). 

Acetonyllcevulinic acid, CHgCOCHgCHgCOCHa'CHgCOgH, m.p. 75°, is formed 
from furfuracetone (Vol. II) when heated with hydrochloric acid (Ber. 32, 
1170). 

Unsaturated diketocarboxylic acids, p-mesityl oxide oxalic acid, (01^3)2- 
C : CH-CO-CHg-CO-COgH, m.p. 100° (decomp.). Potassium hydroxide liberates 
it from either its ethyl ester, m.p. 59°, b.p. 143°/11 mm., or its methyl ester, m.p. 
07°. On allowing sodium in ether to act on molecular quantities of mesityl oxide 
and oxalic ester, then acidifying with dilute sulphuric acid and distilling, a 
mixture of a- and jS-mesityl oxide oxalic esters results. It can be separated by 
means of a sodium carbonate solution, in which the a-ester alone is soluble. 
Ferric chloride turns this a blood-red. 

a- or fici-Mesityl oxide oxalic ethyl ester, Me^C : CH’CO-CH : C(0H)’C02Et, 
m.p. 21°, gives a blood-red coloration with ferric chloride. Potassium hydroxide 
solution liberates the corresponding acid, m.p. 92° (Ann. 291, 111, 137). The 
a-acid in alcoholic solution (more slowly in other) passes into the j3-modification. 
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15. MONOHYDROXY-DICARBOXYLIC ACIDS 

A. MONOHYDROXY-PARAFFIN DICARBOXYLIC ACIDS 
CoH2„_i(OH)(C02H)2 

Numerous saturated rnonocarboxylic acids are known : thus, 
the hydroxymalonic acid group corresponds with the malonic acid 
group, hydroxysuccinic acid group with the succinic acid group, 
hydroxyglutaric acid group with the glutaric acid group, etc. 

There are many representatives of these acids in which the hydroxyl 
group occupied the y-position with reference to the carboxyl group, 
and these acids like the y-hydroxymonocar boxy lie acids, when 
separated from their salts, readily part with water and become lac- 
tones. In general, the alcoholic hydroxyl group is introduced into 
the dibasic acids, just as it is done in the case of the monobasic acids. 
The formation of the alkylparaconic acids, which are y-lactone acids 
(p. 612), by the condensation of aldehydes with succinic acid and 
alkylsuccinic acids (p. 547), is worthy of note. 

Hydroxymalonic Acid Group 

Tartronic acid, hydroxymalonic acid [propanol diacid], CH(OH)- 
(C00H)2, is produced : (1) From glycerol by oxidation with potas- 
sium permanganate ; (2) from chloro- and bromo-malonic acid by the 
action of silver oxide or by hydrolysis of their esters with alkalis ; 
(3) from trichlorolactic acid when the latter is digested with alkalis 
(Ber. 18, 754, 2852) ; (4) from dibromopyroracemic acid when digested 
with barium hydroxide solution; (5) from mesoxalic acid (p. 617) 
by the action of sodium amalgam. (6) Nucleus synthesis : from 
glyoxylic acid (p. 455) by the action of HNC and hydrochloric acid, 
(7) by the spontaneous decomposition of nitrotartaric acid and of 
^hydroxy tartaric acid. It can be conveniently prepared from tartaric 
acid by allowing it to remain in contact with nitric acid and P 2 O 6 
(Ann. 416, 233). 

Its formation from nitrotartaric acid, described in 1854 by Des- 
saignes, has given it the name tartronic acid. 

Tartronic acid is easily soluble in water, alcohol, and ether, and 
crystallizes in large prisms, m.p. 156-158° (Ann. 416, 233). On 
melting it is decomposed into carbon dioxide and polyglycoUide, 
(CaHaO^)^ (p. 420) (Ber. 18, 756). 

The calcium salt, CsHgOgCa, and barium salt, CgHgOgBa + 2H2O, dissolve 
with difficulty in water, and are obtained as crystalline precipitates. 

Ethyl ester, CH(0H)(C02C2H6)2, b.p. 222-225^ (Ber. 18 , 2853) ; acetyl deriva- 
tive, b.p. 158-163°/62 mm. (Ber. 24 , 2997). 

Ethoxymahnic acid, C2H50-CH(C0aH)2, m.p. 124° ; ethyl ester is formed from 
cthoxyacotic ester (q.v.). 

Chloral- and bromal -cyanohydrins (p. 433) and trichlorolactic Acid (p. 421) 
may be looked on as being derivatives of tartronic acid. See also Chloro- and 
Bromo-malonic ester (p. 544). 

Alkyltartronic acids. — Methyltar ironic acid, iQomalic acid, oi-hydroxyiBO- 
succinic acid, CH3C(0H)(C02H)2, is obtained (1) by the action of silver oxide 
on bromoisosuccinic acid ; (2) when hydrocyanic acid acts on pyroracemio 

acid ; pyroracemio ester and hydrocyanic acid produce the nitrile ester, 
CH3C(OH)(CN)C02C2H6, m.p. 105°/19 mm., which is converted on hydrolysis to 
womalic acid (C. 1899, I. 1206 ; Ber. 39 , 1868) ; (3) diacetyl cyanide (p. 464), 
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the acetate of methyltartrodinitrile, CH 3 C(OCOCH 3 )(CN) 2 , is hydrolysed by 
fuming hydrochloric acid to methyltartronic acid (Ber. 26 , R. 7 : 27 , R. 510). 
The acid breaks down into COg and lactic acid when it is heated to 140°. 

Ethyltartronic acidy C2H5C(0H)(C02H)2, m.p. 98°, is formed (1) on boiling 
ethyl chloromalonic ester with barium hydroxide solution (p. 544) ; (2) from 
dipropionyl cyanide (p. 465) ; (3) by the action of ethyl iodide on sodium 
acetotartronic ester (Ber. 24 , 2999). When heated above its melting point it 
breaks down into COj and a -hydroxy butyric acid. 

Propyltartronic acid, CHaCH2CH2*C(OH)(C02H)2 -f HgO, m.p. 52-56°, and 
isopropyltartronic acidy decomposes at 149°, are formed by the hydrolysis of 
dibutyryl and diisobutyryl dicyanide (p. 465) (Ber. 28, R. 295). 

OL-Aminoimsuccinic acid, CH 3 *C(NH 2 )(COOH) 2 , results when pyroracemic acid 
is acted on with HCN and alcoholic ammonia (Ber. 20 , R. 507). 

P-Hydroxyisosuccinic acidy CH20H*CH(C02H)2, a syrup, is produced by 
hydrolysis of the reaction product of chloromethyl ether (p. 243) and sodium 
malonic ester. It decomposes at 113° into H 2 O, CO 2 , and acrylic acid (C. 1904, 
II. 641) ; ethyl eater y C 2 H 50 CH 2 *CH(C 02 H) 2 , has been obtained from methylene 
malonic ester (p. 564) by the action of alcoholic potassium hydroxide (Ber. 23 , 
R. 194). 

y-Hydroxyalkylmalonic Acids. — The following y-hydroxyalkylmalonic 
acids are only known in the form of alkali or alkali earth salts. These are 
produced when the corresponding y-lactone carboxylic acids are treated with 
alkali hydroxides or the hydroxides of the alkaU earths. The y-lactonic acids 
can easily be obtained from these salts ; these salts are produced by treatment 
with carbonates : 

CHR'CH2CRC00H 

I I 

O CO 

(I) 

Butyrolactone-OL- carboxylic acidy (I, above, RR' = H) is prepared from bromo- 
ethylmalonic acid, BrCH2CH2*CH(C02H)2, m.p. 117° (the hydrobromide addition 
product of vinaconic acid, trimethylene -1 : 1 -dicarboxy lie acid), when it is heated 
with water ; also on digesting the latter with dilute sulphuric acid (Ann. 227 , 
31). Heated to 120°, butyrolactonecarboxylic acid breaks down into COg and 
butyrolactone (p. 427). The ethyl eatery b.p. 175°/25 nun., is formed by the 
combination of ethylene oxide and sodium malonic ester, whereby hydroxy- 
ethylmalonic ester is produced, which immediately loses alcohol to form a lactone. 
Ammonia converts the lactone ester into p-hydroxyethylmalonamidey HOCH 2 CH 2 - 
CH(CONH 2 ) 2 , m.p. 150° (Ber. 34 , 1976). The phenyl ether of hydroxy ethylmalonic 
acidy CeH 50 -CH 2 -CH 2 CH(C00H)2, m.p. 142° (Ber. 29 , R. 286). 

Oi-Methylhutyrolactone-a- carboxylic acidy (I, above, R = Me, R' = H), m.p. 98°, 
results when bromoethyhsosuccinic ester, the reaction product of ethylene 
bromide and sodium i^osuccinic ester, is treated with barium hydroxide solution 
and then acidified (Ann. 294 , 89). 

OL-Carbovalerolactonic acidy y-methylbutyrolactone-cc-carboxylic acid (I, above, 
R = H, R' = Me) results when ally! malonic acid is acted on with HBr. It 
breaks down at 200° into COg and y-valerolactone (p. 427). 


Hydroxysuccinic Acid Group 

HO.^CHCOgH 

Malic acid, hydroxysuccinic acid [butanol diacid], | , 

CHgCOgH 

m.p. 100”. Since malic acid contains an asymmetric carbon atom, 
it can occur in three modifications : (1) a dextrorotatory form, (2) a 
lacvorotatory form, and (3) an inactive dh variety. This is a com- 
pound of equal molecules of the dextro- and Isevorotatory modifications. 

The ZcBiJo- variety occurs free or in the form of salts in many plant 
juices, hence it is frequently spoken of as ordinary malic acid. It is 
found free in unripe apples, in grapes, and in gooseberries, also in 
mountain ash berries (Sorbus aucuparia), in Berberis vulgaris, and in 
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the sea buckthorn (or sallow thorn), Hippophae rhamnoides (Ber. 32 , 
3351 ). It is obtained from the last-named fruits by means of the cal- 
cium salts (Ann. 38 , 257 : Ber. 3 , 966). Calcium hydrogen malate 
exists in tobacco leaves ; potassium hydrogen malate in the leaves 
and stalks of rhubarb (C. 1902, I. 1399). On malic acid obtained 
from the Crassulacece, see Ber. 31 , 1432. 

Historical. — Ordinary malic acid was discovered in 1785 by Scheele in unripe 
gooseberries. Liebig ascertained its composition in 1832. Pasteur y in 1862, 
obtained inactive malic acid from inactive aspartic acid, and Kehule (1861) made 
it from bromosuccinic acid. The derc^ro-acid was first obtained by Bremer in 
the reduction of dextro -tartaric acid. 

Formation of optically inactive or dl-malic acid, m.p. 130° (Ber. 29, 1698) : 

1. From the mono-ammonium salt of Isevo- and dextro-malic acid. 

2. By heating fumaric acid to 160-200° with water. 

3. When fumaric or maleic acid is heated with sodium hydroxide to 100° 
(Ber. 18 , 2713). 

4. By treating monobromosuccinic acid with silver oxide and water, with 
water alone, with dilute hydrochloric acid, or with dilute sodium hydroxide at 
100° (Ber. 24 , R. 970). 

6. By the action of NgOg on inactive aspartic acid. 

6. By the reduction of racemic acid with hydriodic acid. 

7. When oxaloacetic ester is reduced with sodium amalgam in acid solution 
(Ber. 24 , 3417 : 25 , 2448). 

8. By the action of potassium hydroxide on the reaction -product of KNC 
and )3-dichloropropionic ester. 

9. By saponifying the esters of chloroethanetricarboxylic acid. 

10. When potassium hydroxide acts on y-trichloro-j3-hydroxybutyric acid, 
CCl3CH(0H)CH2C02H, the reaction -product of chloral and malonic acid under 
the influence of glacial acetic acid or pj'^ridine (Ber. 25 , 794 : 38 , 2733). 

The identity of the acids from 1 to 6 has been proved by means of the well- 
crystallized mono -ammonium salt, C4H5O5NH4 HgO, of the inactive acid 
(Ber. 18 , 1949, 2170). 

Formation of the laevo- and dextro- forms : Both acids can be 
produced by resolution of the inactive malic acid by cinchonine 
(Ber. 13 , 351 : 18 , R. 537). The dextro-acid has also been obtained 
by reduction of the natural (-t-)-d-tartaric acid with hydriodic acid, 
or by milder reactions by converting the tartaric acid into chloro- 
malic acid and reducing the latter (Ber. 55, 1339) or from dextro- 
rotalory-HHpuTtic acid and nitrous acid. These relationships with 
d-tartaric acid justify the description of the dextrorotatory malic 
acid as ^Z-malic acid, and the naturally occurring ( — ) form as Z-malic 
acid. This acid is similarly formed from Z-asparagine and Z-aspartic 
acid (Ber. 28 , 2772). The two malid acids can be interconverted into 
their optical isomers by converting them by means of phosphorus 
pentachloride into the chlorosuccinic acids and treating the latter 
with moist silver oxide. (Walden inversion ; Walden, Ber. 29 , 133.) 
For a discussion of the rearrangement at the asymmetric carbon 
atom, see Ber. 61 , 509. 

Properties. — Malic acid forms deliquescent crystals, m.p. 100", 
which dissolve readily in alcohol, slightly in ether. 

Reactions . — (1) When heated to 100" anhydro-acids are formed (Ber. 
32 , 2706) ; at 140-150° mainly fumaric acid results ; when rapidly 
heated to 180" it decomposes into water, fumaric acid, and maleic 
anhydride (pp. 565, 566). Prolonged boiling with aqueous sodium 
hydroxide converts malic acid partially into fumaric acid (Ber. 33 , 
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1452). (2) Oxidation with permanganate or hydrogen peroxide in 

presence of ferrous salts produces oxaloacetic acid (p. 619), while 
chromic acid produces malonic acid. (3) Reduction gives rise to 
succinic acid. It results from the fermentation of the calcium salt 
by yeast, of the free acid by Bacillus aerogenes (Ber. 32, 1915), and 
when the acid is heated to 130° with hydriodic acid (p. 547). (4) 

Heating with hydrobromic acid produces bromosuccinic acid ; i-malic 
acid and PCI 6 at ordinary temperatures yield (+)“Chlorosuccinic acid 
(Ber. 61, 504) which, with moist silver oxide, changes into d-malic 
acid (pp. 555, 606). (5) When heated alone or with sulphuric acid 

or zinc chloride, it is converted into coumalic acid (p. 616). (6) On 

being heated with phenol and sulphuric acid, coumarin results ; it is 
possible that the semi-aldehyde of malonic acid, CHO-CHg-COgH, is 
first formed, with which the phenol then condenses (Ber. 27, 1646). 

Salt and esters of dhmulic acid : Mono -ammonium malate, C4H5O3NH4 + HgO 
(Ber. 18, 1949 2170). Resolution into the optical components (Ber. 31, 528). 
d\-Malic diethyl ester ^ C2H3(0H)(C02C2H5)2, b.p. 255'^ (Ber. 25, 2448). 

Salts of the laBvo-ac^cZ, malates : Mono-ammonimn salt, C4H505(NH4), when 
exposed to a temperature of 160-200”, becomes converted into so-called fumari- 
inide (Ann. 239 , 159 note). Neutral calcium malate, C4H405Ca + H2O, separates 
as a crystalline powder on boiling. The acid salt, (C4H505)2Ca + 6H2O, forms 
large crystals which are not very soluble in cold water, but are more soluble 
in hot (Ber, 19 , R. 679). 

\-Malic ethers and esters : The dialkyl esters are prepared from malic acid, 
alcohols, and hydrochloric acid. They can be distilled unchanged (Z. physik. 
Chem. 16 , 494), but when slowly heated pass into fumaric esters (Ber. 18 , 1952). 
Reaction with PCI 5 and PBrg in chloroform changes them into (-|-)-chloro- and 
(-f ) -bromosuccinic esters (p. 555). Attempts to prepare malic esters by means 
of the silver salt of the acid result in the partial substitution of the hydroxyl 
hydrogen by the alcoholic radical (C. 1899, I. 779). 

The optical rotatory power of many of these esters has been determined ; 
they are Icevorotatory (Ber. 28 , R. 725 : 29 , R. 164, C. 1897, I. 88) : 

Z-Malic methyl ester, b.p. 122”/12 mm. [a]i,= — 6-88 , [M]d= — 11*1 5 

Z-Malic ethyl ester, „ 129”/! 2 ,, [a]i,= — 10-64, [M]n=— 20-22 

Z-Malic -propyl ester, ,, 150”/12 ,, [alD= — 11-60, [M]d= —25-29 

Z-Malic n-butyl ester, „ 170712 „ [a],,- - 10-72, [M]x,= -26-38 

Triethyl ether-ester, C2H50-C2H3(C02C2H5)2 b.p. 119°/15 mm. (Ber. 13 , 1394). 

Acetylmalic acid, CH3CO-OC2H3(C02H)2 -p. 132 ^ ; dimethyl ester, CH3CO- 
002113(0020113)2, when slowly distilled at the ordinary pressure, yields fumaric 
dimethyl ester. Acetylmalic anhydride, CHgCO-OOoH 3(0303), m.p. 54”, b.p. 
161”/14 mm., decomposes when distilled at the ordinary pressure into maleic 
anhydride and acetic acid (Ann. 254 , 166). 

Acetyl-Z-malic methyl ester, b.p. 132°/12 mm. ; [a]i,= —22-86, [M]d=— 46-64 
Acetyl -Z -malic ethyl ester, „ 141”/12 „ ; —22-60, [M]d — -52-43 

Propionyl-Z-malic methyl ester, „ 142712 „ ; —23-08, [M]i>— -50-31 

On the homologous series of acyl-hmalic ethyl esters and their molecular rotations 
see Z. physik. Chem. 36, 129. 

Nitromalic acid;^ N02-0-CH(C00H)-CH2-C00H, needles, m.p. 110-112” 
(decomp.), is obtained from malic acid and nitrating acid, at a low temperature. 
(J.A.C.S. 43 , 2084) ; methyl ester, m.p. 25” [a]o® — 33-01”, and ethyl ester, b.p. 
148-151” [a]i^ — 31-24”, are prepared from the Z-malic esters and nitrosulphuric 
acid (Ber. 35 , 4363). 

Amides of the malic acids, a- and ^-malic mono-amides, NH20O-CH(OH)- 
CHjCOOH and HOOC-CH(OH)CH2*CONH2» and their esters are formed from the 
malic esters and alcoholic ammonia ; from rnalamide by partial hydrolysis ; also, 
from bromosuccinic acid and ammonia, a reaction which may result in this amide, 
partially or wholly in place of the expected aspartic acid (Ber. 41 , 841). Mai- 
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amides HO*C 2 H 3 (CONH 2 ) 2 » is prepared from the monoamidomalic ester and from 
the malic ester by the action of ammonia (C. 1900, II. 1009). d-Malamidet 
m.p. 156-157° ; hydrazide, m.p. 177° ; azide from the hydrazide and HNOg, 
a yellow oil (J. pr. Chem. \2] 95, 209). 

Thiomalic acid, HOOC*CH 2 CH(SH)COOH, m.p. 150°, is formed by the 
action of ammonia on xanthosuccinic acid, HOOC‘CH 2 CH(SCSOC 2 H 5 )COOH, 
m.p. 149°, which in turn is prepared from bromosuccinic acid and potassium 
xanthogenate (Ann. 339, 369 : Ber. 38, 2687). 

Sulphomiccinic acid, S 03 H*C 2 H 3 {COC)H) 2 , is prepared from succinic acid and 
SO 3 (Ann. 175, 20) or, better, by addition of bisulphite to maleic or fumaric acid : 
resolution by strychnine, see Rec. Trav. Chim. 46, 473. 


Aminosuccinic Acids 

Aspartic acid bears the same relation to malic and succinic acids 
as glycocoll bears to glycollic acid and acetic acid ; hence, it may be 
called aminosuccinic acid : 

NH 2 CH 2 CO 2 H 
Glycocoll. 

NH 2 CHCO 2 H 

I 

CHjCOjH 

Aminosuccinic acid. 

(Aspartic acid.) 

Aminosuccinic acid contains an asymmetric carbon atom, so that 
like malic acid, it appears in three modifications. The Z-aminosuccinic 
acid or Zoevo-aspartic acid is the most important of these. See also 
d- and Z-chlorosuccinic acid (p. 555) and d- and Z-malic acid (p. 606, 
etc.). 

Inactive dZ-aspartic acid, asparacemic acid, C2H3(NH2)(C02H)2, is pro- 
duced : 

(1) By the union of I- and d-aspartic acids. 

(2) On heating active aspartic acid (a) with water, (b) with alcoholic ammonia 
to 140-150°, or (c) with hydrochloric acid to 170-180° (Ber. 19, 1694). 

(3) When “fumarimide” (p. ^07) is boiled with hydrochloric acid. 

(4) On heating fumaric and maleic acids with ammonia (Ber. 20 , R. 557 : 21 , 
R. 644). 

(5) By evaporating a solution of hydroxylamine fumarato (Ber. 29, 1478). 

(G; By reducing oximinosuccinic ester with sodium amalgam (Ber. 21 , R. 351). 

Benzoylasparacemic acid is resolved into its optical components by means 

of brucine (Ber. 32 , 2461). 

Like glycocoll, aspartic acid combines with alkalis and acids yielding salts. 
Nitrous acid changes it into inactive malic acid. 

dl’Aspartic diethyl ester, NH2-C2H3(C02C2H5)2, b.p. 160-154°/25 mm., is pro- 
duced on heating fumaric and maleic esters with alcoholic ammonia (Ber. 21 , 
R. 86). 

dd- Aspartic oL-mono- ethyl ester, COOH-CH 2 *CH(NH 2 )-COOC 2 H 6 , m.p. 165° 
(decomp.), is formed by the reduction of a-oximinosuccinic monoethyl ester and 
the oxime of oxaloacetic diethyl ester. Ammonia converts it into inactive 
a-asparagine (constitution, c/. p. 610). 

dX-Aspartic ^-mono-ethyl ester, COOH-CH(NH 2 )*CH 2 *COOC 2 H 6 , m.p. 200° 
(decomp.), is also obtained from the oxime of oxaloacetic ester by reduction with 
sodium amalgam. A partial saponification occurs at the same time. Ammonia 
converts it into the two optically active asparagines, which are therefore j 3 -amino- 
succinamic acids. 

'N-Phenylaspartic acid, CflH 5 NH-CH(C 02 H)CH 2 C 02 H, m.p. 131°, is formed 
by the action of bromosuccinic acid on aniline. Phenylasparaginanil, C 3 H 5 - 
NHCjHjCjOj-NCeHj, m.p. 210°, results on adding aniline to maleinanil (Ann. 

239 , 137 ). 


n0CH2C02H 

Glycollic acid. 


Acetic acid. 

CHo-CO„H 


Malic acid. 


CH2CO2H 
Succinic acid. 
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NH *CH*CO H 

Z- Aspartic acid, * • * (configuration, Helv. Chim. Acta. 

CH2'C/02H 

6, 411 and 957), occurs in beet molasses, and is procured from proteins 
in various reactions. It is obtained by the resolution of dZ-aspartic 
acid (see above), and from Z-asparagine by boiling it with alkalis and 
acids (Ber. 17, 2929). 

It crystallizes in small rhombic leaflets or prisms, and is sparingly 
soluble in water. Nitrous acid converts it into ordinary Z-rnalic acid 
(Ber. 28 , 2769). Z- Aspartic acid is Isevorotatory in alkaline solutions, 
and dextrorotatory in acids ; dextro in aqueous solution at low tem- 
peratures, and lasvo at higher temperatures. 


Diethyl eater, b.p. 126°/11 mm., is formed from aspartic acid or asparagines 
by alcohol and hydrochloric acid (Ber. 34 , 452 : 37 , 4599) ; dimethyl ester, b.p. 
120715 mm. (Ber. 40 , 2058). 

d-Aspartic acid results when d-asparagino is boiled with dilute hydrochloric 
acid (Ber. 19 , 1694) and from ( — )-chloro8uccinic acid (p. 555). 


NH2CHCOOH 

Z- and cZ- Asparagine, 1 + H 2 O (Z-(—)- Asparagine : 

cn2*co^m 2 

configuration, Ber. 57, 1547), are the monamides of the two optically 
active aspartic acids, and are isomeric with malamide (p. 608). 
Crystallographically, they are identical, including the hemihedral faces 
(C, 1897, II. 1108). 


Historical . — As early as 1805 Vauquelin and Bohiquei discovered the hrro- 
asparagine in asparagus. Liebig, in 1833, established its true composition. 
Kolhe (1862) was the first to regard it as the amide of aminosuccinic ac^id. Piutti 
(1886) discovered derc^ro -asparagine in the sprouts of vetches, in which it occurs 
together with much w -asparagine. 


Z- Asparagine is found in many plants, chiefly in their seeds ; in 
asparagus {Asparagus officinalis), in beet-root, in peas, in beans, and 
in vetch sprouts, from which it is obtained on a large scale, and also 
in wheat. Z- and cZ- Asparagines not only occur together in the 
sprouts of vetches, but they are found together if asparaginimide, 
produced from bromosuccinic ester, is heated to 100° with ammonia ; 
or by the action of alcoholic ammonia on /5-aspartic ester (Ber. 20 , 
R. 510 : Ber. 22 , R. 243 ). A mixture of the two naturally occurring 
asparagines has been produced by heating maleic anhydride to 110° 
with alcoholic ammonia (Ber. 29 , 2070). 

Both optically active asparagines crystallize in rhombic, right and 
left hemihedral crystals, which dissolve slowly in hot water, in alcohol 
and ether, but they are not easily soluble. It is not possible for them 
to combine in aqueous solution to an optically inactive asparagine. 
It is remarkable that the dextro-asparagine has a sweet taste, whilst 
the laevo-form possesses a disagreeable and cooling taste. Pasteur 
assumed that the nerve substance dealing with taste behaves towards 
the two asparagines like an optically active body, and hence reacts 
differently with each. 

Similar differences of taste are observed with cZ- and Z- valine (p. 444), 
d- and Z-leucine (p. 444), and d- and Z-serine (p. 596). 

Constitution of the Asparagines , — When tlio oxime of oxaloacetic ester (I) is 
reduced by sodium amalgam, two isomeric ethyl hydrogen aminosuccinates (II) 
and (III) are formed, with partial hydrolysis. The constitution of the “ a 
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compound (m.p. 165° (decomp.)) (HI) is shown by its formation by reduction 
from the stereoisomeric ethyl hydrogen oximinosucciiiates (IV) which yield 
a-oximinopropionic ester (V) by loss of COg. Hence it may be assumed that 
the ester, m.p. 200° (decomp.), contains the amino group in the j3-position to the 
carbcthoxy group (Jier. 22 , K. 241). 

a-Asparagine (VII) is obtained from the a-ester by the action of ammonia, 
and inactive-j8-(ordiiiary)-asparagine (VI) from the j8-ester. 

ROCO C : NOH ROCO CH : NOH 

I (1) I (IV) 

ROCOCHj COOHCH, 


HOCOCHNH2 

ROCOCHNH2 

ROCO CH : NOH 

j 

ROCOCH. 

1 

HOCOCH. 

CH3 

m.p. 200° 
(decomp.) 

(II) 

r 

m.p. 165 ° 
(decomp.) 

> 

(Ill) 

(V) 

HOCOCHNH2 

NH2COCHNH2 


j 

NH2COCH2 

j 

HOCOCH2 


(VI) 

dZ-Asparagine. 

(VII) 

dZ-a-Asparagine. 



dZ-a- Asparagine, isoa6fparGg'me, HOCO‘CH 2 -CH(NH 2 )-CONH 2 , docomp. 214°, 
is formed from asparaginimide, diethyl aspartate and a-ethyl hydrogen aspartate 
by the action of ammonia ; also from the potassium salt of arninofumaramic acid 
(p. 621) by the action of aluminium amalgam (C. 1897, I. 364). 

Aspartic diamide, NH 2 CO‘CH(NH 2 )CH 2 CONH 2 , m.p. 131°, is prepared 
from aspartic ester and liquid ammonia. It is very soluble in water, and is 
easily decomposed. 

Asparagine Imide, diketopiperazinedlacttamide, (C4H60N2)2 (formula, see 
below), decomposes at 250°, is formed at the same time as asparagine diamide 
(above). It forms needles, and is with difficulty soluble in water. It is also 
prepared from bromosuccinic ester and ammonia ; and from diketopiperazine- 
diacetic esters (formula, see below) ; methyl ester ^ m.p. 248°, ethyl ester ^ m.p. 
180-185°, by the same reagent. The latter ester is also obtained when aspartic 
ester is heated (Ber. 37 , 4599 : 40 , 2059) : 

2ROjCCHCHj<g^^|^ >■ ROjCCHs,CH<^^^®>CHCHj-C02R 

► NHjCOCH^CH<^“^^>CHCH,CO,NH,. 

Hydrolysis of the ester or amide results in the formation of diketopiperazine- 
diacetic acid, and also the dipeptide. Aspartylaspartic acid, HOClC-CHgCH- 
(C02H)NHC0CH(NH2)CH2C02H. 

The di- and tri-peptides of the aspartic series are prepared in the same way as 
the peptides of the simple amino-acids (p. 445, etc.), and serine, cystine, etc. 

I I 

(pp. 596, 597), e.g. glycylaspartic anhydride, NHCH 2 CONHCH(CO)CH 2 *COOH, 
from chloroacetyl aspartic ester ; leucylasparagine, C 4 H 9 'CH(NH 2 )CONHCH- 
(C 02 H)CH 2 C 0 NH 2 , from bromoisocaproylasparagine ; aspartyldialanme , HO 2 - 
CCH(CH 3 )NHCOCH 2 CH(NH 2 )CONHCH(CH 8 )C 02 H, from fumaryldialanine and 

NHCHC0NHCH(C4H9)C02H 

annnonia ; glycylaspartylleucine, I I from 

NH 2 CH 2 COCH 2 CONH 2 

chloroacetylaspartyl chloride, ClCH 2 CONHCH(COCl)CH 2 CONH 2 , with leucine 
ester and ammonia (Ber. 37 , 4585 : 40 , 2048). Hippurylaspartic acid, CeHgCO*- 
NHCH2C0NHCH(C02H)CH2C02H, is prepared from hippurazide (Vol. II) and 
aspartic acid, and yields a diazide, which, reacting with aspartic ester, gives rise 
to hippurylaspartylbis-aspartic ester, and still more complex chain compounds 
(J. pr. Chem. 70 , 158). 
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Homologues of Malic Acid 

Malic acid homologues are formed : i)y ilie addition of hydrocyanic acid 
to j8-ketonic esters ; by the addition of HCIO to alkylmaloic acids and subsequent 
reduction ; and by the reduction of a IkyJ oxaloacetic esters. 

ca-Hydroxypyrot^rturic acid, citramaUc acid., (x-rncthybualic acid^ COOH‘CH 2 ’- 
C(()H)(CH3)-C00H, m.p. 119°, is produced (1) by the oxidation of ^5ovaleric acid 
(p. 304) with nitric acid ; (2) from acetoacetic ester by means of HCN and HCl ; 
(3) by the reduction of chlorocitrarnalic acid, the addition product resulting 
from the union of HCIO with citraconic acid ; (4) from methyl asparagine and 
nitrous acid. It breaks down at about 200° into water and citraconic a^ydride 
(Ber. 25 , 196). Citramalic acid is resolved into its optical components by means 
of brucine (Ber. 32 , 712). (x-Methylnialic 7}itrile ester , acetoacetic cater cyanohydrin,, 
CH8C(0H)(CN)CH2C02C2H5, m.p. 8-5°, b.p. 127°/16 mm. (Ber. 39, 1858). 

OL-Aminopyroturlaric acid, d\-homoaspartic acid, H02C-CH2C(CH3)(NH2)C02H, 
m.p. 166°. Its diamide is formed from itaconic, citraconic, and mesaconic esters 
by the action of ammonia (Bor. 27 , R. 121). The acid is resolved into its el- 
and I- forms by crystallization. Methylasparagine, H 02 C CH 2 C(Cli 3 )(NH 2 )- 
CONH 2 (?), m.p. 255° (decomp.), is formed from citraconic acid and ammonia 
(C. 1898, II. 762). oi-Anilinopyrotartaric acid, H02C-CH2C(CH3)(NHC6H5)C02H, 
m.p. 135°, results from the hydrolysis of CL-anilinopyrotartaric mo'noester nitrile, 
an oil, which is formed from acetoacetic ester cyanohydrin and aniline ; also, 
from acetoacetic ester anil and hydrocyanic acid. Ester amide, iii.p. 119°, is 
formed from the nitrile and sulphuric a(;id in the cold ; it is easily converted 
into the imide, m.p. 168° (Bor. 35 , 2078). 

The an ilinopyro tartaric acid when heated yields a-anilinopyrotartaric anil 
and citraconic anil (Ann. 261 , 138). 

^-Methybnalic acid, COOH*CH(CH 3 )-Cll()H-COOH, is a colourless syrup, 
readily soluble in water, in alcohol, and in ether. It is formed when methyl 
oxaloacetic ester is reduced with sodium amalgam, and in an active I- form from 
a citraconic acid solution by the action of a mould (Ber. 27 , R. 470). Mesaconic 
acid and citraconic anhydride (Ber. 25 , 196. 1484) are produced when it is 
heated. 

^fi-Dlmetliylmalic acid [2 : 2-diinethyl-3-butanol diacidj, C02n*CH(OH)-> 
C(CH3)2‘C02H, m.p. 129°, is obtained by the action of alkalis or hydrochloric 

I "n 

acid on the lactone. ^^-Dimeihybnahc lactone, ()CH(C02H)C(CH3)2CC), m.p. 
46°, -f aq., m.p. 54°, is formed from monobromo-tt.v.-dimethylsuccinic acid and 
silver oxide. It was first ^-lactone of the fatty acid series known (v. Baeyer 
and Vilhger, Ber. 30 , 1954). When distilled under reduced pressure it is trans- 
formed into the anhydride, b.p. 145-150°/13 rnin. (Ber. 33 , 3270) : 

(CH 3 ) 2 C— CO (CHJ 2 C— CO\ 

I I ^ I > 

CO 2 HCHO HOCH— CO^ 

OiP-Dimethylrnalic acid, CH8C(0H)(C02H)CH(CH3)C02H, m.p. 143°, is pre- 
pared from a-methylacotoacetic ester cyanohydrin. During distillation it is 
converted into pyrocinchonic anhydride (p. 574). This, when heated with alco- 

NH2C(CH3)C0\ 

holic! ammonia, is converted into aminodbncthylsmccininiide, 1 /NH, 

HC(CH3)C0/ 

m.p. 168° (Ber. 33, 1410). 

P-Ethylmalic acid, C2H3-CH(C02H)CH(0H)C02H, m.p. 87° (decomp.). Its 
ortho trichloride, yyy-trichloro-)3-hydroxy-a-ethylbutyric acid, CClg-CHOH-CHEt-- 
COOH, in-i). 1 37°, is formed from chloral, ethylmalonic acid, and pyridine. When 
heated with potassium hydroxide it is changed into ethylinalic acid, which on 
heating decomposes into water and ethyhnaleic acid (p. 573) (Ber. 38 , 2733). 

oi^-Methylethylmalic acid, m.p. 130° (Ber. 26, R. 190). 

Trimethylrnalic acid, hydroxy -trimethylsuccinic acid, m.p. 155°, is obtained 
from dimethylacetoacetic ester with hydrocyanic acid, with subsequent hydro- 
lysis by hydrochloric acid (Ber. 29 , 1543, 1619). The corresponding ^-lactone 

acid, (^(CH3)(C02H)-C(CH3)2C0, m.p. 119 °, is obtained from bromo-trimethyl- 
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succinic acid and silver oxide, similarly to the production of jSjS-dimethylmalic 
acid lactone. 

isoPropyhtialic acidy m.p. 154°, from broinopimelic ester (Ann. 267, 132). 

Paraconic Acids 

Paraconic acids are y-lactonic acids. Like the y-hydi’oxyalkylhydroxymalonic 
acids, they are converted by alkalis and alkali earths into salts of the correspond- 
ing hydroxysuccinic acids (itanialic acids). When the latter are set free from 
their salts they immediately break down into water and lactonic acids. The 
alkylparaconic acids are formed when sodium succinate or pyrotartrate and 
aldehydes (acetaldehyde, chloral, propionic aldehyde) are condensed by means 
of acetic anhydride at 100-120° (Fittig, Ann. 255 , 1): 

CHjCOjH CHa-CH— CHCOjH 

CHa-CHO +1 =11 -I- HaO 

CHa-COaH OCOCHa 

Succinic acid. Methyiparaconic acid. 

CHa— CHCOaH 

Paraconic acidy j | ,m.p. 57°, is formed by the reduction of aconic 

OCO-CHa 

acid (p. 616) and is best prepared by boiling itabromopyro tartaric acid with 
water and acidifying the calcium salt of the corresponding hydroxysuccinic acid 
— itamalic acidy formed on boiling itachloropyro tartaric acid with a soda solution. 
When boiled with bases, it forms salts of itamalic acid ; it yields citraconic 
anhydride when it is distilled (Ann. 216 , 77 : 255 , 10). 

CHa—CHCOaH 

•pseudoltaconanilic acidy y-anilidopyrotartrolactamic acidy | | , 

CcH.NCOCHa 

m.p. 190°, is formed from itaconic acid (Ann. 254 , 129), by the addition of aniline, 
and subsequent lactam formation. 

CHXOHCOOH 

I I 

OCOCHY 

(I) 

Methylparaconicacid[{l) ohovey'K = Me, Y = H], m.p. 84-5°. Ethyl ester yh.p. 
56°/17 mm., is also prepared from acetosuccinic ester by reduction with amal- 
gamated aluminium. Sodium ethoxido solution transforms and hydrolyses it 
into methylitaconic acid. When distilled, methyiparaconic acid yields valero- 
lactono, ethylidenepropionic acid (p. 564), methylitaconic acid, and methyl- 
citraconic acid (Bor. 23, 11. 91). 

Trichloromethylpar aconic acid [(1) above, X — CClg, Y = H], m.p. 97°, is 
changed by cold barium hydroxide solution into wocitric acid (g.v.). Reduction 
(C. 1897, II. 184 ; 1902, II. 343). 

Ethylparaconic acidy [(1) above, X = Et, Y = H], m.p. 85°, when distilled, 
breaks up chiefly into carbon dioxide and caprolactone (p. 427). Hydrosorbic 
acid is formed at the same time (Ber. 23, K. 93). 

0L-Methylparaco7iic acidy [(I) above, X = H, Y — Me], m.p. 104°, is obtained 
by the action of sodium amalgam on jS-formylpyrotartaric ester, the reaction 
product of formic ester, pyrotartaric acid and sodium ethoxide. When heated 
it decomposes partly into water and pyrocinchonic anhydride (p. 574) (Bor. 37, 
1610). 

OLY-Dimethylparaco7iic acidy [(I) above, X — Y = Mo], m.p. 131°, b.p. 195°/14 
mm., is formed by reducing ^-acetopyro tartaric ester with sodium amalgam. 
When heated it partially breaks down into water and methyl ethylmaleic an- 
hydride (p. 574), and into COg and a-methyl- J/3.pentenoic acid, CHg-CH : CH-- 
CHMe COOH (Ber. 37, 1615). 

(CHj,) 2C CHCOgH (CH3)8C CHCHgCOgH (CH3)2C CHCH3CH2CO2H 

II II II 

OCOCHj OCOCHj OCOCH2 

(II) (III) (IV) 

Terebic acid (II), terpenylic acid (III), and homoterpenylic acid (IV), are 
three oxidation products of turpentine oil. They will be discussed in connection 
with pinene (Vol. II), the principal ingredient of the oil. 
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y-Propylparaconic acidy [(I) above, X = CgHy, Y = H], m.p. 73-5°, yields, on 
distillation, y-heptolactone (p. 427), heptylenic acid, CyHjaOj, and propylitaconic 
acid, C 2 H 12 O 4 (p. 573) (Ber. 20 , 3180). 

y-\BoPropylparaconic acid, m.p. 69°, when distilled, decomposes into y-iso- 
heptolactone and tsoheptylenic acid. 

iBoPropyli&oparaconic acid, (CH 3 ) 2 C( 0 )CH 2 CH(C 0 )-CH 2 C 02 H, m.p. 143°, is 
formed from i«opropylitaconic acid (p. 573) and hydrochloric acid at 130°, and 
by oxidation of t^obutylsuccinic acid by means of KMn 04 . 

I I 

OLCtP’Trimethylparaconic acid, 0 CH 2 -C(CH 3 )(C 02 H)-C(CH 3 ) 2 C 0 , m.p. 270°, is 
formed from sodium trimethylsuceinate and trioxymethylene, by the action of 
acetic anhydride. Ethyl cater, m.p. 34° ; chloride, m.p. 140° ; amide, m.p. 242°. 
The anhydride, m.p. 155°, is obtained, together with trimcthylacetylitamalic 

I I 

anhydride, OOC C(CH,)s-C(CH 3 )(OCOCH 3 )CO, b.p. 185-195722 mm., from tri- 
methylitamalic acid salts by boiling them with acetic anhydride (C. 1905, I. 
1374). 


Hydroxyglutaric Acid Group 

CL-Hydroxyrjlularic acid, » occurs in molasses. 

It is formed from a-bromoglutaric acid (C. 1902, II. 187) ; and by the action of 
nitrous acid on a-aminoglutaric acid. It also occurs in the reaction products of 
nitric acid on casein (C. 1902, II. 285). It crystallizes with difficulty (Arm. 208 , 
66 : Ber. 15 , 1157). Its lactone, m.p. 50°, into which it readily passes when 
healed (Ann. 260 , 1129), is reduced to glutaric acid (p. 557) by hydriodic acid. 

Glutaminic acid, on’aminoglutaric acid, 

tains an asymmetric carbon atom (p. 37), and therefore can, like 
malic acid (p. 605), appear in three modifications. 

dextrorotatory acid occurs in vetch and pumpkin seed- 
lings, and with aspartic acid in beet molasses. It is formed together 
with other amino acids by the acid hydrolysis of proteins. Prepara- 
tion, sec Bull. Soc. Chim. [4] 27 , 750. 

It forms brilliant rhomhohedral crystals, m.p. 202° (decomp.), 
and is soluble in hot water but insoluble in alcohol and ether. Hydro- 
chloride, [a]© + 24-44° is sparingly soluble. 

Ethyl ester, b.p. 140°/10 mm., is obtained from the acid by the action of 
alcohol and hydrogen chloride (Ber. 34 , 453). Hydrochloride, m.p. 96—98°. The 
action of nitrous acid leads to the formation of the weakly dextrorotatory 
diazoglutaric ester (J.A.C.S. 44 , 1798). 

Polypeptides of glutamic acid, see Z. physiol. Chem. 105 , 58. Glutathione 
(p. 597) is an important tripeptido containing glutamic acid. 

hvvorotatory-Qhitarninic acid is obtained from the inactive variety by moans 
of Penicillium glaucum (p. 73). 

Inactive-dl-glutami7iic acid, m.p. 198°, results from ordinary glutaminic acid 
on heating it to 150-160° with barium hydroxide solution, and from a-isonitroso- 
glutaric acid on reduction (Ann. 260 , 119). By repeated crystallization it can 
be resolved into d- and f-glutaminic acid (Bor. 27 , R. 269, 402 : 29 , 1700). 
Resolution is also effected by means of the strychnine salts of r-benzoylglutaminio 
acid (Ber. 32 , 2466). 

df-Pyroglutaminic acid, m.p. 182-183°, is the y-lactam of the glutaminic 
acid, which results on heating ordinary glutaminic acid to 190°, and on continued 
heating breaks down into COg and pyrrole (Ber. 15 , 1342) : 

I I 

COCH,CH,CH(CO,H)NH ► CH : CH CH : CH NH + CO^ + H,0 

Pyroglutaniine acid. Pyrrole. 
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Glutamine, oi-nin.huujlntaramic oc/ii, C 3 H 5 (NH 2 )<^pj^^^ occurs iogothor 

with asparagine in beet -root, in the seeds of pumpkins and other plants (Ber. 29, 
1882: C. 1897, I. lOri). Its optical rotation is not constant (Ber. 39,2932). 
y-Carhovalcrolachwic acidy OL-yncthylgliitolactonic acid, valcrolactom-y -carboxylic 

r I 

acidy 0 C(CH8){C02H)CH2CH2C0, m.p. 68-70'*, is deliquescent, and is produced 
(1) by oxidizing y-itvocaprolactono (p. 427) or isocaproic acid with nitric acid 
(Ann. 208, 62 : Ber. 32, 3661) ; and (2) by the action of potassium cyanide 
and hydrochloric acid on licvulinic acid. 

y-Carbovalcrolactafn ic acid 7iitrUcy CL-mcthylpyrrolidone-OL-carboxylic acid niirilcy 

1 ^ I 

HNC(CH8)(CN)-CHo CH 2 -CO, m.p. 141°, is formed from lievulinic ester, hydro- 
cyanic acid, and alcoholic ammonia {cf. Ber. 38, 1215). 

I I 

iBoProjiylgluiolaclonic acidy C02H-C(C3H7)CH2'CH2C00, m.p. 67°, is pre- 
pared from a-dimethylla>vulinic acid and hydrocyanic by means of hydrochloric 

I 

acid (Ann. 288, 185). oL-Hydroxy-yy-dimcthylglutolactonic acidy 0'CH(C02H)-- 

CHoC(CH 3 ) 2 CO, m.p. 85° (not. sharp), results, together with dimethylglutaconic 
acid, when alcoholic potassium hydroxide acts on a-bromodimethylgluturic acid 
(C. 1902, I. 810 ; cj. also cyanodimethylacetoacetic ester, p. 624). cc-Hydroxy- 
^y -d i methyl glutolact on ic acidy tma^v-form, m.p. 142°, cicS-form, liquid, b.p. 194°/15 
mm., is formed from ^-mothylla?vulinic acid, hydrocyanic and hydrochloric acids 

i 

(C. 1900, II. 242). (x-Hydroxy-'xyy-trimethylglnkdactonic acidy 0*C(CH3)(C02H)- 

> 

CH2C(CH8)2C0, m.p. 103 ', is prepared from bromotrimothylglutaric acid and 
aqueous potassium h>droxido, and from mesitonic, hydrocyanic and hydrochloric 
acids (Ann. 293, 220). 

I 

Mesitylic acid, (x.-amino-y.yy-trimcthylglutaric acid lactam y HNC(CH 3 )- 

_ ^ 

(C02H)CH2C(CH3)2C0, m.p. 174°, is prepared by boiling the addition product 
of mesityl oxide and hydrochloric acid with potassium cyanide and alcohol (see 
Mesitonic acid, p. 479). If mesityl oxide alone be heated with two molecules 
of potassium cyanide in alcohol ^ there is formed on acidification cL-hydroxy-ayy- 
trimethylglutaric acid dinUritCy NC*C(CH 3 ). 2 CH 2 C(CH 3 )(OH)CN, m.p. 166°, which 
on being warmed with hydrochloric acid yields mesitylic acid (C. 1904, II. 1108). 
Oxidation with permanganate in acid solution yields a^.-dimethylsuccinimide 
(Ber. 14, 1074). 

)3-Hydroxyglutaric acid, m.p. 95°, is obtained by the 

reduction of an aqueous solution of acetone dicarboxylic acid (Bor. 24, 3250). 
It is decomposed on distillation into COg, H 2 O and vinyl acetic acid (p. 345) ; 
Sulphuric acid and also boiling with aqueous alkali hydroxides (Ber. 33, 1452) 
produce glutaconic acid (p. 575). Acetyl chloride gives rise to acetoxyghitaric 
anhydridcy CH8C00CH(CH2C0)20, m.p. 88°. Hydroxy glutaric dimethyl estcry 
b.p. 150°/11 mm., yields acetoxyglutaric ester, which on distillation under 
ordinary pressures breaks down into glutaconic ester (Ber. 25, 1976 : C. 1903, 
II. 1315). p-Hydroxyglutaric diamide is converted by sulphuric acid into gluta- 
conimide. p-Chloroglutaric acid is obtained from glutaconic acid and hydrochloric 
acid. From it and from glutaconic acid ammonia produces ^-aminoglutaric acid,. 
COgH 'CH2CH(XH2)CH2C02H, m.p. 248° (decoinp.). p-Dromoglutaric acidy m.p. 
139° (C. 1899, II. 28). 

OL-A?ni?io-^-hydroxyglutaric acid. COOH-CH(NH 2 )-CH(OH)-CH 2 -COOH, was 
obtained by Dakin (Biochem. J. 12, 290) by the hydrolysis of caseinogen and 
other proteins. It is dextrorotatory, crystallizes with difficulty. Synthesis of 
racemic form, see Biochem. J. 13, 398. 

sym. -Dialicyl-p-hydroxyglutaric acids are also formed by condensation of formic 
ester with a-bromo-fatty esters by means of zinc (see formation of secondary 
alcohols, p. 132) ; a-bromopropionic ester, a*bromobutyric acid and a-bromo- 
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itfobutyric ester produce respectively ay-dimethyl-, ay-diethyl- and aayy-tetra- 
methyl-j3-hydroxyglutaric acids (C/l898, II. 415, 885: 1900, II. 529; 1902, 
II. 107). 

(tOL~ Dimethyl- p-hydroxygluta>ric acid, m.p. 169°, and onxy -trimethyl- p-hydroxy- 
glutaric acid, cis-iorm, rn.p. IIS'' ; trams -iorm, m.p. 155°, are obtained from the 
corresponding di- and trimethyl acetone dicarboxylic esters (p. 624) (C. 1903, I. 
76 : 1904, I. 720). (X>x^-Trimethyl- ^-hydroxy glutaric ester is prepared from 

a-dimethyl acotoacetic ester, bromoacetic ester, and zinc (C. 1903, II. 1315). 
The acetylated esters of these acids yield alkyl glutaconic acids when distilled. 

CH(C02H)CH2CH2C0 

h-Caprolactone-y -carboxylic acid, \ \ , m.p. 197°, is formed 

CH(CH3) O 

when a-acetoglutaric acid (p. 624) is reduced (Bor. 29, 2368). On dry distillation 
it yields yS-hexenoic acid (p. 347) and a-ethylideneglutaric acid (p. 577). 

HCH 

y-Valcrolactonc-p -acetic acid, -CHCH^^O H’ 5 y-hepto- 

lactone- ^-acetic acid, m.p. 88°, are obtained by reduction of the jS-acylglutaric 
acids (p. 624), or their dilactonos (Ann. 314, 13). 

HIGHER HYDROXY-DICARBOXYLIC ACIDS 

ct-Hydroxi/adi pic acid (Bor. 28, R. 466). cc-Hydroxysebacic acid (Ber. 27 , 
1217). 

Oi-Hydroxy-y.-wcthyladipic acid, C02H-C(CH3)(0H)-[CH2J3C02H, m.p. 92°, is 
prepared from y-acetobutyric acid, potassium cyanide, and hydroc hloric acid. 
On dry distillation it gives a mixture of yS- and Se-hexenoic acids, which are 
characterized by their ability to be converted into y- and 8 -capro lactone (Ann. 
313, 371). 

^-Hydroxy -^-yncthyladipic acid, COOH-CH 2 C(CH 3 )(OH)CH 2 CH 2 COOH, and 
p-Jiydroxy-oiOL^-triyncihyladipic acid, C02H-C(CH3)2C(CH3)(()H)CH2CH2C00H ; 
their lactone esters are formed by condensation of bromoacetic ester and a-bromo- 
?‘.yobutyTic ester with la3vulinic acid by means of zinc. The latter lactone ester 
is easily decomposed by alkalis into fvobutyric acid and Ijevulinic acid (C. 1900, 
I. 1014 : Ber. 36, 953). 

OL- Amino-adipic acid, C 00 H’CH(NH 2 )CH 2 CH 2 CH 2 C 02 H, m.p. 206° (decomp.), 
is formed from a-oximino-adipic acid (p. 625) by reduction with tin and hydro- 
chloric acid ; also by hydrolysis and decomposition of cyanopropylphthalimido- 
inalonic ester, CflH 4 (Cd) 2 NC(C 02 R) 2 CH 2 CH 2 CH 2 CN, the product of reaction of 
sodium phthalimidomalonic ester and chlorobutyronitrile. It is sparingly 
soluble in water. WTien heated, it yields water and a lactam, 2-j)iperidone- 


5-carboxylic acid, NHCH(C02H)CH2CH2CH2CO, m.p. 178°. 

CL-Ami)io-^-methyladipic acid is prepared from a-oxiinino-)3-methyladipic acid. 
In the free state it immediately changes into its lactam, m.p. 144° (Ber. 38, 1654 : 
C. 1903, II. 33). 

Oi- Amino pimelic acid, NH 2 CH(COOH)[CH 2 ] 4 COOH, m.p. 225° (decomp.), is 
obtained from a-oximinopimelic acid. 

B. UNSATURATED HYDROXYDICARBOXYLIC ACIDS 


Mucolactonic acid, OCOCH : CH'CHCH 2 COOH (?), m.p. 122-125°, is obtained 
from hydromuconic dibromido and silver oxide. 

The aci- or cnoZ-forms of the p-aldo- and ^-keto -dicarboxylic acids can also be 
included in this section ; formyl- and acetyl -malonic acids (pp. 615, 19), formyl- 

find acetyl-succinic acids (pp. 616, 622), acetyl glutaric acid (p. 624), oxaloacetic acid 
(p. 619), acetoncdicarboxylic acid (p. C)2S), formyl- and acetyl-glutaconic acid (p. 616), 
etc. 


16. ALDODICARBOXYLIC ACIDS 

A. ^-Aldodicarboxylic Acids. 

The simplest member, Formylmalonic acid, 0CH-CH(C02H)2, is unknown 
in the free state. From its corresponding aci- or e/lo^form (see p. 453) are 
derived the following : — 

Hydroxymcthylenemalonic ester, HOCH ; C(C02C2H6)2, b.p. 218°, is formed as 
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its ethyl ether, ethoxy mcthylenemalonic ester, CjHjO-CH : C(CO,CgH5)2, b.p. 280°, 
from malonic ester and orthoformic ester by boiling with acetic anhydride and 
zinc chloride. The ethjd ether is hydrolysed by alcoholic potassium hydroxide 
into the potassium salt of hydroxymethylenemalonic ester. It can also easily 
unite with more malonic ester to form a dicarboxyglutaconic ester (ROjC),- 
CH — CH = C(C02R)2. This substance is decomposed by many reactions into 
derivatives of hydroxymethylenemalonic ester ; ammonia produces amino • 
methylenemaJonic ester, HjN-CH : C(C02C2H5)2, m.p. 67°, which can be formed 
directly from ammonia and ethoxymethylenemalonic ester ; hydrazine, hydroxyl- 
amine, and amidines giv^e rise to cyclic derivatives of hydroxymethylenemalonic; 
or formyl malonic acids (Bor. 26, 2731 : 27, 1658 : 30, 821, 1083 : J.C.S. 59, 
746). Copper salt, m.p. 138°. 

Formyls^icciync acid, 0CH*CH(C02H)CH2C02H, is unknown in the free state. 
Hydroxy t)} ethyl enestdccinic ester, aci-formyls^icciriic ester, HOCH : C(C02C2H5)- 
CH2CO2C2H5, b.p. 125°/16 mm., is obtained from succinic ester, formic ester, 
and sodium ethoxide. With ferric chloride it produces a violet coloration. 
Reduction produces itamalic ester (p. 612), alkalis decompose it into succinic and 
formic acids (Ber. 26, R. 91 : 27, 3186. Action of Hydrazine, see Ber. 26, 2061). 

Aconic acid : a.ci-formylsJJCci)uc acid lactoyw, OCH : C(C02H)CH2CO, m.p. 164°, 
is formed when itadibromopyrotartaric acid is boiled with water ; methyl ester, 
m.p. 85°. The acid yields formic and succinic acids when boiled with barium 
hydroxide ; reduction produces paraconic acid (p. 612) ; phenylhydrazine gives 
the phenylhydrazone of p-formylpropionic hydrazide (p. 461) as well as COg ; 
whilst with aconic methyl ester it forms the phenylhydrazone of Jorinylsuccinic 
monoestrr phenyl hydrazide, m.p. 167° (Ann. Spl. 1, 347 : Ann. 329, 373 : Ber. 
31, 2722). 

Formyl pyrotartaric ester (Ber. 37, 1610). 

OL-Forynylglutacoyxic acid, OCH-CH(C02H)CH : CHCOgH, is also a hypothetical 
acid, of which the following are derivatives : — 

Coumalic acid, oi-pyronc -'6 •carboxylic acid, cc-aci-formylglutaconic acid lactoyic, 

I i 

OCH : C(C02H)CH : CH CO, m.p. 206' (decoinp.), is formed from malic acid by 
heating it with concentrated sulphuric acid or with zinc chloride, with probably 
an intermediate formation of hydroxymethyleneacetic acid, HOCH : CHCOgH 
(p. 4.')6), which, with the concentrated sulphuric acid, gives coumalic acid. This 
substance yields yellow salts with excess of alkali, like chelidonic and meconic 
acids {q.v.). Boiling with barium hydroxide solution decomposes it into formic; 
and glutacoiiic acids ; boiling with dilute sulphuric acid gives two molecules of 
COj and crotonaldehyde. Ammonia produces the aci-formylglutaconic acid lactam, 

I i 

^-hydroxy III cotiy lie acid, HN’CH : C(C02H) : CH : CHCO. Hydrazine causes de- 
composition of the lactazam of hydroxymethyleneacetic acid with formation of 
pyrazolone (p. 461) (Ann. 264, 269 : Ber. 27, 791). Methyl alcohol and hydro- 
chloric acid cause fracture of the lactone ring and formation of methoxymethyleyie - 
qlutaconic ester, CH 3 COCH : C(C02CH8)CH : CHCOgCHg, m.p. 62° (Ann. 273, 
164). 

B. y -Aldodicarboxylic Acids. 

Aceialmalonic ester, (C2H50)2CHCH2(C02C2H5)2, b.p. 152'yi5 mm., and acetal 
methylmalonic ester arc prepared from sodium malonic ester and sodium methyl- 
malonic ester with bromoacctal. The free acids lose water and form /3-formyl 
fatty acids (p. 456). 

17. KETONE-DICARBOXYLIC ACIDS 

Dibasic carboxylic acids, containing a ketone group in addition to the carboxyl 
groups, are mostly synthesized as follows : — 

1. By the introduction of acid radicals into malonic esters. 

2. By introducing the residues of acid esters into aoetoacetic ester. 

3. By the condensation of oxalic esters with fatty acid esters. 

4. By condensation of carboxylic anhydrides with tricarballylic acids. 

5. From «ec.-hydroxydicarboxylic acids or ferh -hydroxy tricarboxylic acids by 
oxidation or decomposition. 
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These methods of formation will be more fully considered under the individual 
groups of the monoketone carboxylic acids. The position of the two carboxyl 
groups is again the basis for their classification, whereby the ketomalonic acid 
group, the ketosuccinic acid group, the ketoglutaric acid group, etc., are 
differentiated. 


Ketomalonic Acid Group 

Mesoxalic acid, dihydroxyinalonic acid, [propanediol diacid], 
(H 0 ) 2 C(C 00 H) 2 , m.p. 115'^ like ordinary oxalic acid, glyoxylic acid, 
and other substances possessing adjacent CO groups, firmly holds a 
molecule of water, which is assumed to be present, not as water of 
crystallization, but to be combined with the CO-groups : 

(HOlaC— C(()H)3 (H0),CH— CO^H (H0)2C-(C02H)2 

Ortho-oxalic add. Orthoglyoxylic acid. Orthomesoxalic acid. 

Furthermore, esters of mesoxalic acid exist, derived from both 
forms, and are knowTi as keto- (or oxo-) and dihydroxy -mnlonic eMers. 

Mesoxalic acid is prepared (1) from alloxan (p. 633) or mesoxalyl 
urea, an oxidation product of urea when boiled with barium hydroxide 
solution ; (2) from dibromomalonic acid, by boiling barium hydroxide 
solution, silver oxide, or aqueous sodium hydroxide (method of prepar- 
ation : Ber. 35 , 1819) ; (3) from aminomalonic acid by oxidation 
with iodine in KI solution ; (4) from glycerol, by oxidation with 

nitric acid, sodium nitrate, and bismuth subnitrate (Ber. 27, R. 666). 

Mesoxalic acid crystallizes in deliquescent prisms. At higher 
temperatures it decomposes into CO 2 and glyoxylic acid, CHO-COgH 
(p. 455). It breaks up into CO and oxalic acid on the evaj^oration 
of its aqueous solution. 

Mesoxalic acid behaves like a ketonic acid, inasmuch as it unites 
with primary alkali sulphites ; and when acted on by sodium amal- 
gam in aqueous solution, it is changed to tartronic acid (p. 604). It 
combines witli hydroxylamine and phenylhydrazine. 

Sdlt.s. — Calcium rncsoxalatc, C(OH)2(C()2)20a, and barium mcsoxalatc, are 
( ryHtalliiie powders, not very soluble in water ; ammonium unit, C(OH) 2 '(fC) 2 ’- 
NH 4 ) 2 , crystallizes in needles ; ailver salt^ C(Oil) 2 '(t^T)oAg) 2 , when boiled with 
water yields mesoxalic acid, silver oxalate, silver, and CO 2 : bismuth salt, Ber. 27, 
R. ()h7. 

Esters. — Tw^o series of esters may be derived from mesoxalic acid — the an- 
hydrous or kclomalonic esters, C0(C02R92’ dihydroxymalonic eMers, 

C( 0 H) 2 (C 02 R') 2 - keto- or oxo-malonic esters absorb water with avidity, 

and thereby change into their corresponding dihydroxyinalonic esters. The two 
compounds bear the same relation to each other that chloral bears to chloral 
hydrate : 

CCh'CHO Chloral -> CClg-CHlOHja Chloral hydratr 

H,0 

CO(COjC 2H5)2 Ketoinulouic ester > C(OH)2(COaC2H5)2 Uihydroxymalonie ester. 

During preparation a mixture of both forms is obtained if water is not ex- 
cluded. Nevertheless, the hydrates easily pass into the anhydrous compounds 
when heated under reduced pressure. 

Mesoxalic ester is produced (1) from mesoxalic acid, by the usual methods ; 
(2) from itfonitrosornalonic ester (below') ; or from malonic ester direct by the 
action of nitrous gases (C. 1903, II. 058 : 1906, II. 120 : 1900, II. 320) • 

2(RO,C),CH. 2(RO,C),C : KOH 2(RO,C),C ; O + 2N,0 + H,0. 
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(3) From brornotartronic est-er acetate or bromonitroinalonic ester by the action 
of heat (Ber. 25 , 3614 : 37 , 1775) : 

- CH.COBr - NOBr 

(R02C),C(0C0CH3)Br (RO^O^OO < BrN()2C(C02R)2. 

(4) from dihviiroxy succinic ester wlien heated, some oxalic ester being also formed 
(Ber. 27 , 1305) : 

RO^C CO _(,o ROgCX _ ( O 

I ^ \co I 

ROjCCO RO^C/ ROgC. 

Ketoinalonic ethyl ester^ C 0 (C 02 C 2 H 5 ) 2 , b.p. 101®/14 mm., 1-1358, pos- 

sesses a bright grt'enish -yellow colour. It is a mobile liquid, with a faint but not 
disagreeable odour. 

Dihy(iro.rytnalo))ic methyl ester ^ (H 0 ) 2 C(C 02 CH 3 ) 2 , m.p. 81°. Dihydroxy- 
malonie ethyl ester ^ C{ 0 H) 2 (C 02 C 2 H 5 ), m.p. 57°, dissolves easily in water, alcohol, 
and ether. 

Di ethoxy maloiic ester, (C 2 H 60 ) 2 C(C 02 C 2 H 5 ), m.p. 43°, b.p. 225° (C. 1897, 
11. 569). Diocetoxymalo}} ic ester, (CH 8 C 0 - 0 ) 2 C(C 02 C 2 H 3 ) 2 , m.p. 145°. Dihaloid- 
malonic aeids, X 2 C(COoH )2 (see p. 544). 


Nitrogen Derivatives of Mesoxalic Acid 

N itrohrorHoynalonic acid, BrN02C(C02R)2 ; methyl ester, b.p. 133°/16 mm., and 
ethyl ester, b.p. 137°/11 mm., are formed from nitromalonic ester (p. 545) and 
bromine. As in other per -substituted nitromethanes (p. 186) the halogen is 
easily replaceable. Decomposition into ketomalonic ester (see above) (Ber. 37, 
1775). 

Diaminomalonamide, (NH 2 ) 2 C(CONH 2 ) 2 , is prepared from dibromomalonic 
ester and ammonia. It consists of white crystals, and when heated, easily changes 
into iminomalonamide, NH : C(CONH 2 ) 2 - Tctramethyldiamimmalonic ester, 
[(CH 3 ) 2 N] 2 C(COOCH 3 ) 2 , m.p. 84°, is also obtained from dibromomalonic ester 
and NH(CH 3 ) 2 . Dianilinomalonic ester, (C 6 H 5 NH) 2 C(COOCH 8 ) 2 , m.p. 125°, 
results from the action of aniline on dibromomalonic ester (Ber. 35, 1374, 1813). 

Oximinomesoxalic acid, isonitrosomalonic acid, HON — C(C02H)2, m.p. 126° 
(with decomposition into HNC, CO 2 , and H 2 O). It is formed when hydroxylamine 
acts on mesoxalic acid ; also from violuric acid, tsonitroso-malonyl-urea (p. 634) 
(Ber. 16, 608, 1021) ; also from i^onitrosomalonic esters, HON : C(C02R)2 ; methyl 
ester, m.p. 67 , b.p. 168°/16 mm., ethyl ester, b.p. 172°/12 mm., which are prepared 
from the malonic ester, sodium alcoholate, and alkyl nitrites. They form yellow 
alkali salts. Amides and alkylavildcs of i^onitrosomalonic acid (C. 1903, I. 441, 
448). 

Oximidomesoxalic nitrile ester, iBonitrosocyanoacetic ester, HON : C(CN)-- 
COgCoHfi, m.p. 128°, is formed from sodium cyanoacetic ester and amyl nitrite. 
It IS a stronger acid than acetic acid (Ber. 24 , R. 595 : C. 1902, II. 1412). The 
free iBonitrosocyanoacetic acid, m.p. 129° (decomp.), has boon obtained in different 
ways : (1) from dihydroxytartaric acid {g.v.) and hydroxylamine, some dioximino- 
succinic acid being formed at the same time ; (2) from furazandicarboxylic acid, 
the anhydride of dioxirninosuccinic acid ; (3) from furazanmonocarboxylic acid 
(p. 601) (Ber. 24 , 1988: 28 , 72): 

HON : C-C02H /N : C CO 2 H /N : C-COjH HON : C CO 2 H 

. ‘ I ■ 0 / \ 

HON : C COjH \N : C COjH \n : CH NIC 

(4) by the action of N 2 O 3 on isoxazolonehydroxamic acid, prepared from oxalo- 
acetic ester and 2 molecules of NH 2 OH (see p. 622) (Ber. 28 , 761). Further 
derivatives of I'^onitrosomalonic acid are : isonitrosocyanoacetamide, desoxyfulmi- 
nuric acid, HON : C(CN)CONH 2 (p. 296) : iBonitrosocyanoacetohydroxarnic acid, 
OH 

HON : C(CN)C is prepared from formyl chloridoximo and NH 8 (pp. 289, 

-N 

294). Oxyfurazancarboxylic acid, | || , is formed from hydroxy- 

ON : C(C02H) COH 

furazanacetic acid (see Oxaloacetic ester, p. 619). 
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Phenylhydrazones. — The phenylhydrazone oi mesoxalic acid, C^HgNH-N : C- 
(C00H)2, m.p. 163° (decomp.), is obtained from the acid and phenylhydrazine 
or by the hydrolysis of the esters. The methyl ester phenylhydrazone y m.p. 62°, 
and ethyl derivative, an oil, are obtained from the mesoxalic esters and phenyl - 
hydrazine or by the action of benzenediazonium salts on sodiomalonic ester 
(Bor. 24, 866, 1241 : 25, 3183 : 28, 858 : 37, 4169). When hydrolysed they 
form the rnonorncthyl and monoethyl ester phenylhydrazones y m.pp. 125° and 115°, 
and finally the phenylhydrazone of the acid. 

Phenylhydrazonomesoxalic esternitriley benzeneazocyanoacetie ester y CflHgNHN 
C(CN)C02C2H5, or CeHfiN : NCH(CN)C02C2H5, m.p. 125°, is formed from sodium 
cyanoacetic ester and benzenediazonium chloride (Ber. 27 , R. 393 : 28 , R. 997 : 
C. 1906, II. 625) ; and also from potassium malonitrile and benzenediazonium 
salts. Mesoxalic dinitrile phenylhydrazone , CgHgNHN : C(CN)2 (Ber. 29 , 1174). 
Mesoxalic diamide phenylhydrazone y m.p. 232° (Ber. 37 , 4173). 

Mesoxalic diamvde hydrazonCy NH2N : C(CONH2)2» m.p. 175°, is formed from 
dibromomalonic diamide and hydrazine (Ber. 28, R. 1052). 

Oxazornalonic acid is formed by the action of nitric oxide and sodium ethoxide 
on inalonic ester. The product of reaction is unstable and forms a sodkirn salty 
NgO : C(C02Na)2 + 2H2O, with aqueous sodium hydroxide. This and other salts 
readily explode, especially when dry (Ber. 28, 1795). 

Acetylmalonic acid, CH3C0 CH(C02H)2 ; ethyl esters b.p. 150°/17 mm., 
results when sodium or, better, copper acetoacetic ester is acted on by ehloro- 
formie ester (p. 48()) (Ber. 21 , 3567 : 22 , 2617). On hydrolysis it decomposes 
into COa, acetone and acetic acid. Acetonmlonic monoester anilide y CHaCO-CH- 
((^ONHCgH 5)00002116, m.p. 58°, is formed by the union of acetoacetic ester and 
phenyl f-9ocyaiiato. It is decomposed by alkalis in the cold into acetic acid and 
malonic acid anilide (Bor. 33, 2002). 

Acetylcyanoacetic ester y cyanoacetoacctic estery CH30O-0H(0N)-CO2C2H6, m.p. 
56°, b.p. 119°/15-20 rnrn., is prepared (1) from the sodium or pyridine salt of 
cyanoacetic ester and acetyl chloride ,* if acetic anhydride be employed, cyano* 
acetyl acetone is also formed ; (2) from dicyanoacetoacetic ester (p. 473) by 
separating hydrocyanic acid by alkalis. When the salts of cyanoacetoacctic 
ester are alkylated and acvlated O-deriratives of the eywlAorm result : CH3- 
C(0CH3) : C(CN)C02CH3, m\p. 97° ; CH^C{OCOCH:,) : C(CN)C02CH3 and am- 
monia yield CH3C(NH2) : C(CN)C02CH3, m.p. 181° (C. 1904, I. 1135 ; Ber. 37, 
3384). 

Propionyl cyanoacetic. estery b.p. 155-165°/50 mm. (Ber. 21 , R. 187, 354 : 
22 , R. 407 : C. 1899, I. 185). 


Ketosuccinic Acid Group 

Oxaloacetic acid, ketosuccinic acid [butanone diacid], C4H4O5, 
is relatively stable in the free state, and is simultaneously an a- and 
/?-keto-acid. The acid is also tautomeric with hydroxymaleic and 
hydroxyiumaric acids : 


CH2— COOH 
I 

CO— COOH 

Ketosuccinic 

acid. 


CH COOH 

II 

C(OH)— COOH 

Hydroxymaleic. 

acid. 


HOCO— CH 

II 

HOC— COOH 

Hydroxyfumaric acid. 


Oxaloacetic acid is prepared (1) from synthetic oxaloacetic esters 
(p. 620) by hydrolysis with concentrated hydrochloric acid in the cold 
(C. 1904, 1. 85) ; (2) from malic acid (hydroxysuccinic acid) and per- 
manganate or HgOg and ferrous salts at a low temperature (C. 1900, 
I. 328 : 1901, I. 168) ; (3) from teraconic acid (i^opropyhdenesuccinic 
acid (p. 573) by cleavage of the chain with permanganate ; (4) from 
diacetyltartaric anhydride {q.v.) or acetoxymaleic anhydride (see 
below), pyridine and acetic acid, there is formed the pyridine salt of 
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hydrox^Tnaleic anhydride which with dilute acids yields oxaloacetic 
acid or hydroxymaleic acid (Ber. 40 , 2282) : 

CHjCOOCHCOv. CHgCOOCCOx c*h,n 

i >0 ^ II >o 

CHaCOOCHCO/ HCCO/ 

C5H6NOC COv HOCCOv 

I II >0 y II >0 

H CH— CO/ HCCO/ 

When the pyridine salt of hydroxymaleic anhydride is treated 
with 12% sulphuric acid, hydroxymaleic acid, m.p. 152'', is formed, 
which is converted by 30% acid into hydroxyfurmric acid, m.p. 184°, 
from the salts of which dilute acids regenerate hydroxymaleic acid ; 
probabh" ketosuccinic acid is formed as an intermediate product. 
Hydroxjdu marie and hydroxymaleic acids show equally strong 
colorations with ferric chloride and decoloration of permanganate 
(reactions of the enol group). The heat of combustion of hydroxy- 
maleic (286-58 cals.) is 10-8 cals, more than that of hydroxyfumarie 
acid (see Fumaric and Maleic acids, pp. 79, 569). 

Hydroxymaleic anhydride, -oxaloacetic anhydride , H0-C2H(C0)20, m.p. 85” 
with transformation, is prepared from the pyridine salt, m.p. 108" (see above), 
by the action of HCl in ether. It is very hygroscopic. Acetyl chloride produces 
from it acetoxymaleic anhydride, CH3C0() C2H(C02)0, m.p. 90”, which is al.so 
formed when oxaloacetic acid and acetylene dicarboxylic acid are acted on by 
acetic anhydride at 100° (Bor, 28, 2511). 

Hydroxymaleic anhydride, when treated with aniline at — 20” and acidified 
with bN hydrochloric acid, i.s changed into h,ydroxymaleinanilic acid, CgHgNH- 
COC(OH) : CHCOOH, m.p. 113° (decomp.), w^hich is converted by lOiV sulphuric 
acid into hydroxy jnmaranilic acid, m.p. 140° (decomp.). The ethyl ester of 
oxaloacetanilic acid, CgHgNHCOCHjCO'COgCgHg, m.p. 88°, the third isomer, 
is obtained from oxalic ester, acetanilide, and sodium ethoxide. The anil acids 
are convert(*d by acetyl chloride into hydroxymaleinanil (and further into aceioxry- 
tnaleinanil, C'H3COO-C2H(CO)2NCgH5, m.p. 120°), which easily loses water and 
forms the dimolecular xanthoxalanil ; aniline produces aniii nonmleinanil , 
C6H5NH C2H(CO)NCeH5, m.p. 233° (see above) (Ber. 40 , 2282). 

Hydroxyfumaranilic acid and hydroxymaleinanilic acid, which are fairly 
stable alone, are decomposed even at 0° by aniline into CO2 and pyro racemic 
anilide (p. 405). 

Oxaloacetic ethyl ester, C2H500C-C0CH.2C00C2H5 or CgH^OOC-- 
C(OH) : CH-COOCgHg, b.p. 132°/24 mm., and the methyl ester, m.p. 
77° (labile form, m.p. 87°), b.p. 137°/39 mm. (Ann. 277 , 375 : Ber. 
39 , 256), are formed from oxalic and acetic esters (p. 467) by means 
of sodium alcoholate {W . Wislicenus) ; also from acetylenedicar boxy lie 
esters (p. 623) by the addition of water by warming with sulphuric 
acid ; and from the silver salt of oxaloacetic acid and alkyl iodides. 
When boiled with alkalis, the ethyl ester undergoes “ acid cleavage ” 
into oxalic acid, acetic acid, and alcohol ; when boiled with dilute 
sulphuric acid “ ketone cleavage ” occurs into CO 2 and pyroracemic 
acid, CH3*C0-C02H (p. 462). When heated under ordinary pressure 
it suffers “ carbon monoxide cleavage ” into CO and malonic ester, 
with pyroracemic ester as a by-product (Ber. 28 , 811) : 

C02C2H5 CO\iCH^COjC^ Acid cleavage 
COjCjHg-CO Ciii^oYCjHK- Ketone cleavage 
COjCgHj-jCC^'CHjCOjCgHj Carbon monoxide cleavage. 
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Reduction converts oxaloacetic ester into the ester of malic acid 
(Ber. 24 , 3416). 

Ferric chloride colours a solution of the ester a deep red. Copper 
acetate precipitates the ethyl ester as a green copper salt (CgHj 105)2- 
Cu + HgO, m.p. 155°, anhydrous, m.p. 163°. If this salt is boiled with 
methyl alcohol, it is converted into the copper salt of oxaloacetic methyl 
ethyl ester, COOCH3-COCH2COOC2H5, b.p. 110°/13 mm. (Ann. 321 , 
372). 

Ammonia becomes added on to oxaloacetic ester, forming what is 
probably the ammonium salt of the Sici-oxaloacetic ester (hydroxy- 
fumaric or hydroxymaleic ester), C2H500C-C(0NH4) : CH-COOC2H6, 
m.p. 83°. It becomes gradually changed into oxalocitric lactone ester 
(p. 720), which is also formed from oxaloacetic ester and a tertiary 
amine (c/. Ber. 39 , 207). 

Aminojurmiric ester, C2H50C0*C(NH,) : CH-C02C2H5, b.p. 142°/20 mm., 
is formed when the above ammonium salt is rapidly distilled ; also, from chloro- 
fumaric and chloromaleic ester and ammonia. Copper acetate slowly regenerates 
the copper oxaloacetic ester (Ann. 295, 344). Aininojumaramic ester, m.p. 
139°, and arninomaleinamic ester, m.p. 119° (C. 1897, I. 3()4). 

Similarly to acetic ester, oxalic ester also condenses with acetonitrile (Ber. 
25, R. 175), and with acetanilide (see above) (Ber. 24, 1245). 

eiB.-Dietkoxysuccinic ester, C02C2H6*C(0C2H5)2CH2C02C2H5, is formed to- 
gether with ethoxy fumaric ester (below) both from ordinary dibromosuccinic 
ester and acetylenedicarboxylic ester by the action of sodimn ethoxide. Di- 
et] ioxy succinic acid, when allowed to stand under greatly reduced pressure or 
when heated to 100°, loses ether and becomes converted into oxaloacetic acid 
(Ber. 29, 1792). 

Ethoxy Jumaric ester, C2H500C-C(0C2H5) : CH*COOC2H5, b.p. 130°/11 mm., is 
prepared from silver oxaloacetic ester and iodoethano, and from dibromosuccinic 
ester, with simultaneous formation of diethoxy succinic ester (see above), by taking 
up alcohol. The free ethoocyjurnaric acid, m.p. 133°, is obtained from the ester 
by the action of cold dilute alkali. Acetic anliydride converts it into the fluid 
ethoxynmleic anhydride, which takes up water and forms ethoxynuileic acid, m.p. 
126°. Both acids are hydrolysed by hydrochloric acid into oxaloacetic acid 
(Ber. 28, 2512 : 29, 1792). 

Meihyloxaloacetic ester, oxalo propionic ester, C02C2H5*C0-CH(CH3)-C02- 
CgHg, is formed from oxalic ester and propionic ester. Methyloxaloacetanil, 

r ^ I 

CO CO CH(CH3)CONC5 Hj, m.p. 192°, is prepared from oxalic ester and pro- 

I I 

pionanilide ; also from anilinocitraconanil, CO-C(NHCgH5) : C(CH3)CONCflH5, 
the product of action of chloro- or bromo-citraconanil (p. 571) and aniline, by the 
action of sulphuric acid (Ber. 24, 1256; 35, 1626). 

Ethyloxaloacetic ester, oxalohutyric ester, C02C2H5-C0-CH(C2H5)C02C.2H5 
(Ber. 20, 3394). Dimethyloxaloacetic ester, oxaloiBobutyric ester, C02C2H5*CO- 
C(CH8)2C02C2H5, b.p. 117°/11 mm., is obtained from oxalic ester, bromof^^o- 
butyric ester, and magnesium (Ber. 41, 964). Methylethyloxaloacetic ester, b.p. 
134714 mm. (C. 1905, I. 1590). 

Nitrogen Derivatives of Oxaloacetic Acid (Ber. 24, 1198). For the salt- 
like addition products of oxaloacetic anhydride and oxaloacetic ester with pyridine 
and ammonia, and their reaction products, see p. (>20. 

Oximes and Phenylhydrazones, cc-Oximinosuccmic acid, m.p. 143° (decoinp.), 
is formed from oxaloacetic acid and hydro xylamine. Acetic anhydride converts 
it into the p-acid, m.p. 126° (decomp.) (C. 1901, I. 353). p-Oxirninosuccinic 
monoethyl ester, m.p. 54°, is prepared from the oxime of oxaloacetic ester and 
water ; and oL-oximinosuccinic ethyl ester, m.p. 107°, is obtained from di icvo- 
nitrososuccinylsuccinic ester and water. When heated they both yield COg 
and a-oximinopropionic ester, CHjC : N(0H)C02C2H6. Both monocsters are 
given the formula COgH CHjC ; N(OH)CO,C2H6, and are assumed to be stereo- 
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isomers (Ber. 24, 1 204). Oximinos^iccinic ester, COaCgHg-C : N(OH)‘CH2C02C2H{i, 
is a colourless oil (Ber. 21, K. 351). See aspartic acid and asparagine (pp. 
()08, 509). 

Hydroxylamine and ammonia act- on oxaloacetic ester ])roducing the am- 
monimn salt of isoxazolonehydroxamic acid (1), which is converted by alkalis into 
hyd roxy fu razanaccti c a rid ( T I ) . 


O N : C CH 2-00 /N : CCH 2 COOH 

I ► 0 / I 

HON : C(OH) \n : C(OH) 

( 1 ) (II) 

which is oxidized by permanganate into hydroxy Jurazancarhoxylic acid (Ber. 
28, 761). 

Phenylhydrazme reacts with oxaloacetic acid to form a phenylhydrazone, 
COOH*C(NNH-CeH 5 )CH 2 *COOH, m.p. 95°, with decomposition into CO 2 and 
pyroracemic acid phenylhydrazone. It undergoes the same decomposition when 
boiled with water, but when heated with acids, it forms phenylpyrazolonecar- 
boxylic acid (C. 1902, II. 189) : 


COOH C CH3 H o COOH C CH2 COOH H SO 4 COOH C CHa-CO 

II II II I 

NNHCeHg NNHCeHs N NCeH^ 


Phenylhydrazine becomes added to oxaloacetic ester like ammonia (p. 621) ; 
the addition product, m.p. 105°, is either a phenylliydrazine salt of hydroxyfumaric 
ester or is analogous to an aldehyde-ammonia compound. It readily changes 
into oxaloacetic ester phenylhydrazone, m.p. 97°, which is also formed from acetylene 
dicarboxylic ester and phenylhydrazine. The reaction products of hydrazine 
and phenylhydrazine on oxaloacetic acid also readily form pyrazolone derivatives 
by loss of alcohol (see above) (Ann. 246, 320 : Ber. 25, 3442 : 26, 1721). 

Diazosuccinic ester is formed when aspartic ester hydrochloride reacts with 
sodium nitrite : on optically active diazosuccinic ester is formed from an active 
aspartic ester (J.A.C.S. 44, 1798). It is yellow in colour, and is easily decomposed. 
When boiled with w^ater it forms fumaric ester ; reduction re-produces aspartic 
ester. Diazosuccinamic methyl ester, CHaOaC-CNg'CHaCONHa, m.p. 81°, is 
formed, together with furnaramide, from diazosuccinic methyl ester and ammonia 
(Ber. 19, 2460 : 29, 763 : 37, 1264). 

Urea unites with oxaloacetic ester to iorm urac dcarhoxylic ester (l),m.p. 189°, 
and dioxaloacetic ester carbamide (2), m.p. 104° ; guanidine produces dioxa/oacef ic 
ester gvanidijLC (3), m.p. 147° (decomp.) (C. 1898, I. 445) : 


ROgC C : CH CO 
( 1 ) I I 
NHCONH 


(2) CO 


/ CHgCOaRx / UHaCOgKX 

( I ) (3) HN : C( I ) 

\N : C-CO„R /a \N : C COoR / 


CHaCOaRN 


Acetosuccinic esters and alkyl acetosuccinic esters are produced when 
sodium acetoacetic esters and their monoalkyl derivatives are acted on by esters 
of the a-monohalogen fatty acids. 

Acetosuccinic ester, EtO CO-CH 2 -CH(COCH 3 )'COOEt, b.p. 141°/14 mm., is 
prepared from sodium acetoacetic ester and bromo- or chloroacetic ester. 'Jdie 
hydrogen atom of the CH -group, in the esters, can be replaced by alkyls, e.y., 
by methyl : 

ol-M ethylacetos^iccinic ester, CH3COC(CH3)(C02C2H5)-CH2COoC2H5, b.p. 263 , 
is also formed from methyl acetoacetic ester and chloroaccd-ic ester. 

P-Methylacetosuccinic ester, CH3C0'CH(C02C2He)-CH(CH3)C02C2H „ b.p. 
263°, from acetoacetic ester and a-bromopropionic ester. 

When heated alone the acetosuccinic acids ae.t as in the aci- or r/<o/-form, 
lose alcohol and form olejinelactonecarboxylic acids (C. 1898, I. 24). Ammonia 
and the primary amines produce ainirujethylidemesiiccinic ester, which leadily 
changes into ole jine -lactam ester : 

CH3CO CH CO2R CH3C - -C CO2R CH3C - - — C CO2R 

I I I ► 1 I 

OH,CO,K NH, CH,CO,R NHCOCH^ 

Ammonia produces OL-aniinoethylidcnesuccinic ester, m.p. 72", and aininoethylidcne 



KETONE-DICARBOXYLIC ACIDS 623 

auccinimidey which is converted by hydrochloric acid into acetoauccinimidey 
m.p. 84-87° (Ann. 260, 137 : Bor. 20, 3058 : C. 1897, I. 283) : 

CH3C=C — CO\ CH3CO -CH CO\ 

I I \nH I >NH. 

NH 2 CH 2 CO/ CH,— CO/ 

Acid cleavage changes acetosuccinic acids into acetic and succinic or alkyl 
succinic acids (pp. 300, 547). Ketone cleavage causes the formation of COg and 
y-keto-acids (p. 477). Nitrous acid causes acetosuccinic ester to lose alcohol and 
COg, and to change into i^onitrosolaevulinic acid (p. 602) {rf. f«oNitrosoacetone, 
p. 407). 

CO2C2H5 hnOj 

1 CO 2 H CH 2 C : (N0H) C0 CH3. 

C02C2H6CH2-CHCOCH3 


Ketoglutaric Acid Group 

a-Ketoglutaric acid, COOH CH2CH2COCOOH, m.p. 113°, is obtained 
from oxalosuccinic ester by ketone cleavage (C. 1908, II. 786). Cyanooximino- 
hutyric acidy C02H*CH2*CH2*C(:N0H)CN, m.p. 87°, is a derivative of a-keto- 
glutaric acid. It is formed when cold sodium hydroxide acts on furazanpro- 
pionic acid (p. 601). When it is boiled with sodium hydroxide a-oximinoglutaric 
acid, C02H-CH2-CH2C(:N0H)C02H, m.p. 152°, is produced (Ann. 260, 106). 


Acetonedicarboxylic acid, ^-ketoglutaric acid, C0(CH2C02H)2, 
m.p. about 130°, with decomposition into COo and acetone. It may 
be obtained by warming citric acid with concentrated sulphuric acid 
{v. PechTYiann, Ber. 17, 2542 : 18, R. 468 : Ann. 278, 63 : large-scale 
preparation, see Ann. 422, 5), and by oxidizing it with permanganate 
(C. 1900, I. 328). The diethyl ester may be prepared by the action 
of alcoholic hydrochloric acid on y-cyanoacetoacetic ester. 

Acetonedicarboxylic acid dissolves readily in water and ether. 
Decomposition into acetone and carbon dioxide which takes place 
on heating the acid alone, also occurs on boiling it with water, acids, 
or alkalis. The solutions of the acid yield a violet coloration with 
ferric chloride. The acid yields on reduction /Miydroxyglutaric acid 
(p. 614) and by the action of phosphorus pentachloride /5-chloro- 
glutaconic acid (p. 576). 


The action of hydroxylamine produces the oxiuia.y CO()H CH2-C(:NOH)*- 
CHg'COOH -h HgO, m.p. 54° {aiihydrouSy m.p. 89°) (Bor. 23, 3762). Nitrous 
acid produces dii^onitrosoacetone (p. 592) with elimination of carbon dioxide 
(Ber. 19, 2466 : 21, 2998). Acetic anhydride acts on the pure acid with the 
formation of the anhydridcy m.p. 138-140° (Ann. 422, 7) : from the crude acid, 
contaminated with traces of sulphuric acid, the reaction product with acetic 
anhydride is dehydraceticcarboxylic acid (1) (Ann. 273, 186) : 

CH3 CO CH • CO • C COOH 

I il 

CO— O— CCH3 


Esters of Acetonedicarboxylic Acid. Methyl ester, b.p. 128°/12 mm. Ethyl 
estery b.p. 138°/12 mm. (Ber. 23, 3762: 24, 4095: C. 1906, II, 1395). Ethyl 
hydrogen ester is best obtained by the action of absolute alcohol on the anhydride 
of the acid : its potassium salt has been used in the synthesis of tropine (Ann. 
422, 11 : see Vol. II). 

Acid and alkaline reagents cause the esters to lose alcohol and water, and 
readily to condense to orcinol-ai,2:6-tricarboxylic ester. 


KO 2 C CH 2 C : C(C02R). 

ROfic/ y 

Vl(OH)-CH'^ 


>COH (Vol. II). 
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Sodium and alkyl iodides produce alkylacetonedicarboxylio esters, whereby 
the hydrogen atoms of the two CHo-groups can be successively replaced by alkyl 
groups (Ber. 18 , 2289) ; it is, however, difficult to separate completely the 
various products of the reaction. OLCL'-Diviethylacctoncdicarhoxylic eMeVy CHg- 
CH(C 02 R)C 0 CH(C 02 R)CH 3 , is condensed by concentrated sulphuric acid 
into the ester of the monobasic B.ci-dimethylcyc\obutancdionccarhoxylic acid, 
CHsC— CO 

11 1 , (Ber. 40 , 1604), of which the sodium salt reacts with 

HOC— C(CH3)C0,R 

iodomethane in alcohol to form trimethylacetonedicarboxylic ester. This is also 
formed from aa-dimethylacetonedicarboxylic ester, (CH 8 )jjC(C 02 R) C 0 CH 2 C 02 R, 
the product of reaction of dimethylmalonic ester, acetic ester, and sodium 
(C. 1903, I. 76 : II. 190). aLOL-Diethylacetonedicarboxylic cMer, C02C2H5*C(C2H5)2- 
COCH 2 CO 2 C 2 H 5 , is formed by the carbon monoxide cleavage of a-diethyl-y- 
oxalvlacetoacetic ester, C 2 H 502 C C(C 2 H 5 ) 2 C 0 CH 2 C 0 C 02 C 2 H 5 {cf. p. 620) (Ber. 
33, ‘3438). 

Iodine and di-sodimn acetonedicarboxylic ester produce hydroquinone tetra- 
carboxyhc ester (Vol. II). 

Condensation of acetonedicarboxylic ester and aldehydes (Ber. 29 , 994 : 
R. 93: 41 , 1692, etc.). 

The 0-ethyl ether, ^-ethoxyglutaconic ester, C 2 Hb 02 C-CH : C( 0 C 2 H 5 )-CH 2 C 02 - 
C 2 H 5 , b.p. 146°/14 mm., is formed from acetonedicarboxylic ester, orthoformic 
ester, and acetyl chloride. Hydrolysis produces at fii‘st the free p -ethoxy gluta- 
conic acid, m.p. 182° (C. 1898, II. 414). 

Aqueous ammonia converts the ester into ^ -hydroxy amijwglutaminic ester, 
R 02 C*CH,C( 0 H)(NH 2 )-CH 2 C 0 NH 2 , and then glutazine, p-aminoglutaconiinide, 

I I 

CO-CH : C(NH 2 ) CH 2 COJte, m.p. 300° (decomp.). The ester is converted by 
alcoholic ammonia into P-aminoglutaconic ester, ROgC-CH : C(NH 2 )CH 2 C 02 R 
(Ber. 23 , 3762). Aniline at ordinary temperatures produces the a7iil, CgllsN 
C(CH 2 C 02 R) 2 , m.p. 98° ; whilst at 100° the anilide, OC(CH 2 CONHCeHB) 2 , is 
formed, together with other substances (Ber. 33 , 3442 : 35 , 2081). 

Nitrous acid converts acetonedicarboxylic esters into iso nitrosoacctonedicar- 
boxylic ester (1) and hydroxy iso xazoledicarboxylic ester (2) (Bor. 24 , 857 : see also 
Biochem. J. 25 , 1921) ; fmning nitric acid produces a di-iQonitroso-peroxide (3) 
(Ber. 26 , 997) : 

RO2C-C C0CH2-C02R R02 C C C(OH) : C CO Ji 

(1) 11 (2) II I 

NOH N O 

RO 2 CC-CO-CCO 2 H 

(3) II II 

NOON 

The phenylhydrazone of acetonedicarboxylic acid, like its ester, readily forms 
the corresponding phenylpyrazoloneacetic acid (Ber. 24 , 3253) : 

CeH^NIIN : C CH2CO2H CeH^N N : C CH2CO2H 

I ► I I 

HOOCCH 2 CO CHj 

y-Cyanoacetoacetic ester, CN-CH 2 C 0 -CH 2 C 02 C 2 H 6 , b.p. 135°/40 mm., is formed 
from y-chloroacetoacetic ester and potassium cyanide (Ber. 24 , R. 18, 38). y-Cy- 
anodimethylacetoacetic ester, CN-CH 2 CO*C(CH 3 ) 2 *C 02 CH 3 , is formed from y-brorno- 
dimethylacetoacetic ester. When heated with alkalis or acids it passes into 

C 02 HCHCH( 0 H)C(CH 3)2 

OLOi-dimethyl-By-dihydroxyglutaric acid lactone, \ \ , m.p. 

O CO 

214° (Ber. 32 , 137), which, on reduction, is converted into y-hydroxydimethyl- 
glutaric acid lactone (p. 614). 

a- Acetyl -n-glutarlc acids are prepared by the action of ) 3 -iodopropionic 
ester on the sodium compounds of acetoacetic ester, and the alkylacetoacetic 
esters : a-acetoylutaric ester, R 02 C*CH(C 0 CH 8 )CH 2 *CH 2 -C 02 R, b.p. 272° ; 

<X’ethyl-OL-acetoglutaric ester, R 02 C*C(C 2 Hb)(COCH 3 )-CH 2 CH 2 C 02 R, decomposes 
on distillati(jn. On loss of COjj, the free acids pass into the corresponding 8 -keto- 
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carboxylic acids (p. 480) (Ann. 268, 113). With ammonia and primary aminos 
they form lactams of 8 -amino -olefine dicarboxylic mono-esters (Ber. 24, R. 660). 

^-Acylglutaric esters are formed when the sodium salt of tricarhallylic 
acid (p. 647) is heated with carboxylic anhydrides, with simultaneous loss of COg ; 
they are, however, converted at the temperature of reaction into dilactonesy 
from which the ketone dicarboxylic acids are regenerated by the action of alkalis 
{Fittig, Ann. 341, 1); 


yCHaCOOH (RC0),0 
HOOCCH<^ ► RCCH< 


nCHoCOOH 


€H,COO 


RCOCH< 


CHaCOOH 

.CH 2 COOH 


Tricurballyllc acid. Dilactone. /?-Acylglutaric acid. 

p-Acetylglutaric acid, CH 3 CO-CH(CH 2 COOH) 2 , m.p. 58^, is obtained from 
its dilactonBy m.p. 99°, b.p. 205°/ 12 mm., by the action of boiling water or alkalis. 
The dilactone is formed when sodium tricarballylate is heated with acetic anhy- 
dride at 120-130°, also when acototricarballylic ester is boiled with hydrochloric 
acid (Ann. 295, 94). 

P-Butyryl- and ^-isobutyryl-glutaric acidsy CH 3 CH 2 CH 2 COCH(CH 2 COOH) 2 , 
m.p. 88°, and (CH 3 ) 2 CHCOCH(CH 2 COOH) 2 , m.p. 100° (decomp.) ; dilactoneny 
m.pp. 55° and 90°, are obtained from sodium tricarballylate and butyric or iso- 
butyric anhydrides. 


HIGHER KETODICARBOXYLIC ACIDS 


Oximes of a-keto-adipic acid and a-ketopimelic acid are obtained from adipic 
and pimelic esters by means of their carbocyclic condensation products {vj. p. 560) 
when acted on by ethyl nitrite and sodium alcoholate : 


CH2-CH(C02R)\ UNO, CH2-C(N0H)C02R 

I >CO I 

CHg CH 2 / aOH CH2-CH2C02R 

<x-Oximinoadipic ester, m.p. 53° ; acid, H02C'CH2CH2CH2C(N0H)C02H, 
m.p. 152° with decomposition into CO 2 , HgO, and gluturic acid nitrile (p. 558). 

a-Oxirnhw-y-methyladipic ester, m.p. 50° ; acid, HOOC-CH 2 CH(CH 3 ) CIl 2 - 
C(N0H)C02H, m.p. 163° with decomposition into COg, HgO, and jS-methyl 
glutaric acid nitrile (p. 558). 

oi-Oximinopimelic ester, an oil ; acid, H00C[CH.2]4C(N0H)C02H, m.p. 143° 
with decomposition into COg, HgO, and adipic acid nitrile (p. 561) (Ber. 33, 579). 

y-Ketopimelic acid, acetonediacetic acid, hydrochelidonic acid, CO(CH 2 CH 2 * 
C02H)2, m.p. 143°, is formed from chelidonic acid (or acetonedioxalic acid, p. 677) 
by reduction ; also from furfuracrylic acid (Vol. Ill) by cleavage with hydro- 
chloric acid. Treatment with acetyl chloride or acetic anhydride converts it 
mto a dilactone, m.p. 75°, which when boiled with water or alkalis re-forms the 
acid : 


yCHgCHgCOgH 

CO< <- 


NCHgCHgCOgH 


iHgCHgCOO 

CHgCHgCOO 


This dilactone is also formed during the prolonged heating of succinic acid : 
2 C 4 He 04 = C^HgO* + CO* + 2 H 2 O (Ber. 24, 143 : Aim. 267, 48 : 294, 165). 
Hydroxylamine produces the oxime, C(NOH)(C2H4-C02H)2, m.p. 129° (decomp.) ; 
phenylhydrazine gives rise to the phenylhydrazone, C(N 2 H*C 4 H 5 )(C 2 H 4 C 02 H) 2 , 
m.p. 107°. The ethyl ester, b.p. 171°/12 mm., gives, with bromine, 8jun.-t/i6roA/io- 
acetonediacetic ester ; methyl ester, m.p. 58° ; ethyl ester, m.p. 49° (Ber. 37, 3295). 

Phoronic acid, y-keto-oLOLee-tetramethylpirnelic acid, C0[CH2 C(CH3)2C02H]2, 
m.p. 184°, is formed from the addition product of phoroiie and two molecules of 
hydrochloric acid (p. 273) by successive treatments with potassium cyanide and 
hydrochloric acid (Ber. 26, 1173). The corresponding y-dilactone, m.p. 143° 
(Ann. 247, 110). 

h‘Keto-azelaic acid, acetonedi-p-propionic acid, C 0 [CH 3 CH 2 CH 2 C 03 liJ 3 , m.p. 
102° (dimethyl ester, m.p. 31°), is obtained from acetonedipropionic dicarboxylic 
VOL. I. S S 
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ester, the product of di -sodium acetonedicarboxylic ester and two molecules of 
/S-iodopropionic acid. Reduction changes it into h-hydroxifazelaic acid^ HOCH- 
[CHjCH 2CH2C02H]2, m.p. 105°. When heated it gives off water, but instead 
of a dilactone (p. 625) a hexamethylene ring body is formed : dihydroresorcyl- 

I I 

propionic acid, C0[CH2]sC0CH[CH2]2C02H. This, on cleavage with nitrous 
acid (c/. p. 625), yields oximino-acetonodipropionic acid, H02C[CH2]8C0C- 
(N0H)[CH2]2C02H, which by the Beckmann inversion and hydrolysis of the 
product yields glutaric and succinic acids (Ber. 37, 3816). 

OLEFINE- AND DI-OLEFINE-KETONE DIGARBOXYLIC ACIDS 

Oxalocrotonic acid^ COOH-CO-CHgCH : CH-COgH, melts at 190°, with for- 
mation of a di-olefine-lactone carboxylic acid, OL-pyrone-A-carhoxylic acid, 

I I 

COgH-C : CH-CH : CHCOO, m.p. 228°; it is prepared from oxalocrotonic ester, 
CgHsOgC-CO-CHgCH : CHCOgR, m.p. 79°, which is formed by condensation of 
oxalic and cro tonic esters by sodium alcoholate. Like oxaloacetic ester, it 
possesses strong acidic properties (c/. Glutaconic ester, p. 454) (C. 1901, II. 1264). 

oi-Aceto-^-niethylglutaconic acid, CH3C0-CH(C02H)C(CH3) : CHCOgH, is the 
hypothetical acid of which the lactone of the aci-form is imdehydracetic acid, 

r I 

dimethylcouynalic acid, CH3C : C(C02H)-C(CH3) : CHCO, m.p. 155°. This is 
obtained by condensation of acotoacetic ester by means of sulphuric acid ; also by 
reaction of sodium acetoacetic ester with j3-chlorocrotonic ester. The lactone 
decomposes at 205° into CO2 and mesitene lactone (p. 454). Methyl ester, m.p. 
67°, b.p. 167°/14 mm. ; ethyl ester, m.p. 25°, b.p. 166°/12 mm., takes up two mole- 
cules of ammonia to form a salt which resembles ammonium carbonate in its 
decomposition products ; at 100-140°, however, there is formed the corresponding 

I I 

lactam, CHgC ; C(C02Et)C(CH3) : CHCONH, which is also formed by condensa- 
tion of j3-aminocrotonic ester (p. 454) (Ann. 259, 172 : Ber. 30, 483). 

^-Carbonyldiacrylic acid, -pentad ien-y-one-cc€-dicarboxyllc acid, CO[CH 
CHCOOHJg, m.p. above 230° (decomp.). Its testers are yellow -coloured ; dimethyl 
ester, yellow leaflets, rn.p. 169°, diethyl ester, yellow prisms, 50°, are formed from 
dibromoacetonediacetic esters (abov^e) by the loss of 2 molecules of hydrobromic 
acid through quinoline (Ber. 37, 3293). 

Carbonyldimetharryllc acid, -heptadien~h-one-^li-dicarboxylic acid, acetone- 
dipyroracemic acid is precipitated from its salts in the form of its anhydride 

yCH : C(CH3) C00 

or v-dilactone, , m.p. 166°, b.p. 234°, which is obtained by 

I \CH : C(CH3) C00 


the condensation of acetone and pyroracemic acid (Ber. 31 , 681). 

The Uric Acid Group 

Uric acid is a compound of two cyclic urea residues combined with 

HN— CO 

a nucleus of three carbon atoms : OC C — NH\ By its oxida- 

I II >0. 

HN— C— NH/ 

tion the ureides of two dicarboxylic acids — oxalic acid and mesoxalic 
acid — were made known. The ureide of a dicarboxylic acid is a 
compound of an acid radical with the residue, NH*CO NH ; e.g. 
CO— NHv 

j — ureide of oxalic acid, oxalyl urea, parabanic acid. 

CO— NH/ 

They are closely related to the imides of dibasic acids, succinimide 
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(p. 552), and phthalimide ; and parabanic acid may, for example, be 
regarded as a mixed cyclic imide of oxalic and carbonic acids. Like 
the imides, they possess the nature of an acid, and form salts by the 
replacement of the imide hydrogen with metals. The imides of dibasic 
acids are converted by alkalis and alkaline earths into amino-acid 
salts, which lose ammonia and become converted into salts of dibasic 
acids. Under similar conditions the ureide ring is ruptured. At first 
a so-called -uric acid is produced, which finally breaks down into its 
components, urea and a dibasic acid : 


CH.COv 

I Vh 

CH2CO/ 

Siicclnlniido. 


CONH 

I 

CONH 


> 


O 


Parabanic 

acid. 


CH2CONH2 

> I 

CH2COOH 
Suofinaniic add. 

CONHCO 

> I I 

OOjH NHj 
Oxahiric 
acid. 


-> CH2COOH 

I + nh, 

CHi,COOH 

Succinic acid. 

COOH NH. 

1 + 

COOH NH2 

Oxalic Urea, 

acid. 


o. 


The urea derivatives of aldehydo- and keto-carboxyhc acids, such 
as glyoxylic acid and acetoacetic acid, will be discussed in connection 
with the ureides and -uric acids of the dicarboxylic acids. Examples 
are aUantoin and methyluracil. The first can also be prepared from 
uric acid, whilst methyluracil constitutes the parent substance for 
the synthesis of uric acid. 


Ureides of Aldehyde- and Keto-monocarhoxylic Acids 

Those bodies are connected themselves with the ureides of the oxyacids, 
hydantoin, and hydantoic acid, which have already been discussed (p. 499). 
The following compounds with urea are doiived from glyux\ lie iK.-id : 

■ ! 

OCHCONHCONHj HOCHCONHCON U 


AUanturic acid or OJyoxalyl urea. 

I I 

(NHjCONH)2CHCOOII NKjCONHCHCONHCONH 

Allantoic acid. AUantoin. 

AUantoin, C4H(,03, m.p. 281° (decomp.), is ]H-esent in the urine of sucking 
calves, in the allantoic liquid of cows, and in hmnan urine after the ingestion 
of tannic acid. It has also been detected in beet-juice (Bor. 29 , 2052). It is 
produced artificially on heating glyoxylic acid (also mesoxalic acid, C0(C02H)2) 
with urea to 100° ; also from hydantoin by the action of bromine and urea 
(Ann. 332 , 134). 

AUantoin is formed by oxidizing uric acid with PbOg and MnOg, potassium 
ferricyanide, or with alkaline KMn04 (Ber. 7, 227). Methylated uric acids when 
oxidized in alkaline solutions yield methylallantoins (c/. p. 037) (Ann. 323 , 185). 

AUantoin crystallizes in glistening prisms, which are slightly soluble in cold 
water, but readily in hot water and in alcohol. It has a neutral reaction, but 
dissolves in alkahs, forming salts. 

Sodium amalgam converts aUantoin into glycoluril, or acetylenediurea. 

Allantoic acid (formula, see above) decomposes at 165°, is prepared by 
hydrolysis of aUantoin or its salts. It is not very soluble in water, and readily 
decomposes into urea and glyoxylic acid. Ethyl ester ^ (NH2C0NH)2CHC02- 
is prepared from glyoxylic ester, urea, and hydrochloric acid. Ammonia 
or alkali hydroxide solutions condense it to aUantoin (C. 1904, I. 792 : 1906, II. 
578). 

AUanturic acid (formula, above) is obtained when aUantoin is warmed with 
nitric acid, and by the oxidation of hydantoin (p. 499). It is a deliquescent 
amorphous mass, insoluble in alcohol. 
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Glyoxylic acid unites with guanidine io form, according to the conditions of 
reaction, guamdbxegJyoxijHc acid (1). in.p. 2\i) (decomp.), or ifnidoallautoin (2) (?) 
(Ann. 315 , 1) ; but with tliiouron. it forms ghfoxylthivcarhimidv (3), consisting of 
red-brown crystals (Ann. 317 , 151) : 


(1) HN( 


(2) HNC< 


-ClINH 

I 

CONH 


NHCO 


N=( 


Pynivil, NH 8 C 0 NH*C(CH 3 )C 0 -NHC 0 NH, is formed by heating pyroracemic 
acid and urea, during which an intermediate product, CH 3 C(NHOONH 2 ) 2 COOH, 
is formed (C. 1901, II. 1114). 

The iiracils are the ureides of fi-aldo- and / 9 -koto-carboxyIic acids. Tlie 
simplest uracil, the ureide of formylacetic acid, its amino-derivative cytosine, 
like thymine, the ureide of a-formylpropionic acid, together with various purine 
derivatives (p. 637), occur in the nucleic acids (see Proteins) which occur in thymus 
glands, fish spermatozoa, yeast, kernels of plants, etc., and obtained from these 
by hydrolysis with sulphuric acid. The uracils contain the six-membered pyrim- 
idine ring (Vol. Ill), which, when united to the five-membered glyoxaline ring, 
forms the skeleton of uric acid (gA\). Derivatives of uracil are, therefore, 
employed in many ways for the synthesis of uric acid and other purine deriva- 
tives (pp. 039, et seg.). 


Uracil, 2 : 0-dihydroxy pyrimidine, C 4 H 4 O 2 N 2 


* ^^C(OH), m.p. 335° (decomp.). It is prepared from nucleic 

acid (p. 748), and synthesized (1) from hydrouracil (p. 500) by bromination to 
bromohydrouracil, C 4 H 5 Br 02 N 2 , and withdrawal of hydrobromic acid by means 
of pyridine ; (2) Trichloropj^rirnidinc, C 4 HCI 3 N 2 , obtained from barbituric acid 
(p. 030), and POCI 3 , reacts with sodium methoxide to form dimethoxychloro- 
pyrimidine, C 4 H( 0 CH 3 ) 2 CIN 2 ; this is reduced with zinc dust and hydrochloric 
acid to 2:6-dimethoxypyrimidine, C 4 H 2 (C)CH 8 ) 2 N 2 , which is hydrolysed to uracil 
by evaporation with hydrochloric acids ; (3) 0-Methyl thiourea and formylacetic 
ester produce methyl mercapto-oxypyrimidine (c/. p. 510), which is decomposed 
by hydrochloric acid into methyl mercaptan and uracil (Ber. 34, 3751 : 36, 
3379^: C. 1903, I. 1309). 

Uracil is eeisily soluble in hot water, and with difficulty in alcohol and ether. 
It is precipitated by phosphotungsti^ acid and mercuric sulphate. 

Cytosine, uracilimidcy 2-oxy-O-amino-pyrimidine, C 4 H 5 ON 3 (see below), 
decomposed at 320-325°, is synthesized as follows : ethyl mercapto-oxypyrim- 
idine (above) and PCI 5 give ethyl mercaptochloropyrimidine, which, by am- 
raoiiia, is converted into ethyl rnercapto-aminopyrimidine ; this is decomposed 
by hydrobromic acid into mercaptan and cytosine (C. 1903, 1. 1309). Nitrous 
acid converts cytosine into uracil (C. 1903, I. 1365) : 


(1) 

3) 


NCH : CH 


.N=C-NH2 

^N CH : CH 


.N—- =-CNH2 hno. /NH -CO 

0 C 4 I OC< 1 

^NH CH : CH \NHCH : CH 

Cytosine. Uracil. 

Cytosine is decomposed by permanganate into biuret (p. 502) and oxalic acid. 
It forms salts with nitric acid, sulphuric acid, H. 2 ptCi 6 ; also with silver, mercury, 
etc. ; picrate, m.p. 278°. The isomeric 2-am/ino-O-oxypyri'nndirie, the guanoide of 
/NH CO 

formylacetic acid, NHjCk^ | , m.p. 276° (decornp.), is formed from 

\NHCH ; CH 

guanidine and formylacetic ester. 

Thymine, CHjC^^q^.^^^CO, m.p. 318-321° (decomp.), is 

synthesized analogously to the uracils : (1) from 5-methylhydrouracil (p. 501) ; 



URIC ACID GROUP 


629 


(2) from C-methylbarbituric acid (p. 631) ; (3) from 2-methylmercapto-5-methyl- 
6-oxypyrimidine, the product of ^-methyl thiourea and a-formylpropionic ester 
(Ber. 34, 3751 ; 38, 3394 : C. 1903, I. 1309). 

4:-Methyluracily m.p. 320° (decomp.), is synthesized : 

(1) from acetoacetic ester and urea and (2) from 4-methyl hydrouracil (p. 501) ; 
POCI 3 reacts with methyluracil and produces 4-methyl-2:6-dichloro-pyrimidine ; 
electrolytic reduction yields methyl trimethylene urea (p. 498) and ay-diamino- 
butane. 

Nitric acid and P 2 O 6 give 5-nitro-4-methyluracil, and this on reduction forms 
aminomethyluracil (cf. p. (>39). Permanganate produces 5-oxymethyluracil (I) 
and then 4:5: 5-trioxymethylhydrouracil (II) (methyl wodialuric acid). The 
latter, by further action of permanganate, is broken up into acetoxaluric acid 
(III) ; but alkalis produce acetylglyoxylurea (IV) (the ureide of aj3-diketobutyric 
acid) which, with chromic acid, yields parabanic acid (V) (p. 038). 


NHCOCH 

1 II 

CONHCCH 3 


NHCO 

I 

CONH 

(V) 


NHCOCOH 

> I II ^ 

CONHCCH 3 
(I) 

NH CO C OH 

CONH^COCHa 
(IV) 



NHC0C(0H)2 

I I 

C0NHC(0H)CH3 

NHCOCOOH 

I 

CONHCOCH 3 

(HI) 


This series of oxidations and transformations probably represents the alkaline 
oxidation reactions of uric acid and its derivatives (c/. scheme, p. 038, and 
Ann. 333, 144). 

Methylation of 4 -methyluracil by means of KOH and iodomethane produces 
3 : A-dimcthyluracily m.p. 22°, 1 : A-dimethyluracily m.p. 262°, and 1:3: 4-^W- 
mi'thylu racily in.p. 111° (Ann. 343, 133, etc.). 

Further uracil derivatives are obtained as intermediate compounds during 
the synthesis of uric acid (pp. 039-040). 


Ur aides or Carbamide s of Dicarhoxylic Acids 

The most important members of this class are parabanic acid and 
alloxan. They were first obtained by oxidizing uric acid with nitric 
acid. When gently hydrolysed by acids or alkalis the ring is opened 
with the formation of a -uric acid of a dibasic acid, while more 
energetic alkaline hydrolysis forms urea and a dicarhoxylic acid, e.g, : 

H,o CO 2 H NHjx H.o CO 3 H NH^x 

► I >CO = — I + >CO. 

BaCOH), CO ^NH/ (KOH) CO 3 H NHg/ 

( 11 ) 

Oxalurlc acid. Oxalic Urea. 

Acid. 

Parabanic acid, oxyUjlureay (formula (I) above), m.p. 243° (decomp.), is 
produced by the oxidation of uric acid and alloxan with ordinary nitric acid 
(Ann. 182, 74), or better with perhydrol in acid solution (Ber. 59, 721) ; by the 
treatment of hydantoin (p. 499) with bromine and water (Ann. 333, 115) ; and, 
synthetically, by the action of POCI 3 on a mixture of urea and oxahc acid ; or by 
heating oxamide and diphenyl carbonate, CO(OCeH 5 ) 2 , together at 240° (C. 1900, 

l. 107). It is soluble in water and alcohol, but not in ether. 

Its salt^ are easily converted by water into oxalurates ; silver salt, CgNjOjAgj, 
is obtained as a crystalline precipitate. 

Oxalylmethylurea, methylparabanic acidy m.p. 149-5°, is formed by boiling 
methyluric acid, or methylalloxon, with nitric acid, or by treating theobromine 
with chromic acid mixture. It is soluble in ether. 

Oxalyldimethylurea, dimethyl parabanic acidy choleatrophaney C 8 (CH 8 ) 2 N 30 „ 

m. p. 145°, b.p. 276°, is obtained from dimethylalloxan and theine by oxidation, 
or by heating methyl iodide with silver parabanate. 


CO— NHx 

I >co 

CO— NH/ 

(I) 

Oxalylurea. 
Parabanic acid. 
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Dialuric acid is differentiated from wodialuric acid by its more ready oxidation 
(Ann. 315, 246). 

Dialuric acid crystallizes in needles or prisms, shows a very acid reaction, 
and forms salts with 1 and 2 equivalents of the metals (Ann. 344, 1). It becomes 
red in colour in the air, absorbs oxygen and passes into alloxantin : 

2 C 4 H 4 N 2 O 4 + O = CgH^N^O, + 2H*0. 

Acetyldialuric acid, CH 3 COOCH(CONH) 2 CO (?), m.p. 211°, is prepared from 
dialuric acid and acetic anhydride. It combines with alloxan to form acetyl - 
alloxantin. 

Tartronyldimethylurca, HOCH[CON(CH 8 )] 2 CO, m.p. 170° (decomp.) (Ber. 
27, 3082). 

Nitromalonylurea, nitrobarhituric acid, dilituric acid : 

CO<^^°>CHNO„ or : NOOH (C. 1897, II. 266), 

is obtained by the action of fuming nitric acid on barbituric acid and by the 
oxidation of violuric acid (Ber. 16, 1136). It crystallizes with three molecules 
of water and can exchange three hydrogen atoms for metals. 

Nitroinalonyldimethylurcn, m.p. 148° (Ber. 28, R. 321). 

Aminomalonylurea, uramil, aminobarbituric acid, dialuramide, murexan, 

NHCO * 

is obtained in the reduction of nitro- and i^onitroso- 

barbituric acid, and also alloxan phenylhydrazone with hydriodic acid ; by 
boiling thionuric acid with water, and by boiling alloxantin with an ammonium 
chloride solution. Alloxan remains in solution, whilst uramil crystallizes out. 
Uramil, together with alloxan, is formed in the decomposition of murexide and 
purpuric acid ; also, when ammonium dialurate is heated (Ann, 333, 71). It is 
only slightly soluble in hot water, and crystallizes in colourless, shining needles, 
which redden on exposure to air. 

Uramil dissolves in alkalis, forming salts, but prolonged action of alkalis 
causes decomposition into urea and aminomalonic acid, and other bodies (Ann. 
333, 77). When a solution of uramil is boiled with ammonia, murexide (p. 635) 
is formed. Nitric acid converts uramil into alloxan. Oxidation with perman- 
ganate (Ann. 333, 91). Acctyluramil, CH 3 CO*NHCH(CONH) 2 CO, is obtained 
from uramil and acetic anhydride ; its metallic salts form well-defined crystals. 

Thionuric acid, sulphaminobarbituric acid, HOgS’NH'CH (CONH) 2 CO, and 
alkylthionuric acids are obtained ets ammonium salts from alloxan or violuric 
acid (below) ; or from alkylated alloxans and ammonium sulphite ; or methyl 
ammonium sulphite. They are decomposed by acids into sulphuric acid and 
uramil or alkyl uramil. Dimethvl ammonium sulphite and alloxan yield a true 
bisulphite compound (see p. 633), which is decomposed into its components 
by acids (Ann. 333, 93). 

Alkyluramils. — In order to define the position of the alkyl groups the 
carbon and nitrogen atoms of uramil are numbered from 1 to 7, as is the uric 
acid (orjpurine) ring (p. 637) : 

2 C<|zc>C-N 
3 4 

1 -Methyluramil, CO(NHCO) 2 CH-NHCH 3 ; 1 : Z-dimethyluramU, CO[N(CH 3 )- 
COjgCHNHg ; 1:3: 1 -trimethyluramil are obtained from the corresponding 

thionuric acids (see above) ; the 1 : 2-dimethyluramil is also produced by methy- 
lating uramil. Dibarhituryhnethylamine, CH 3 N[CH(CONH) 2 CO] 2 , decomposes 
at 280°, is formed from alloxantin and methylamine hydrochloride (J. pr. Chem. 
[2] 73, 473). 

b- Methyluramil, CO(NHCO) 2 C(CH 8 )-NH 2 , m.p. 237°, and b-ethyluramil, 
m.p. 216°, are obtained from O-alkylbarbituric acids by brornination and the 
action of alcohohc ammonia (Ann. 335, 359). 

NH'CO 

'pseuddUric acid, carbamidomalonylurea, QQ^CH-NHCONHa, is 

produced, as an ammonium salt, from uramil and urea at 180° ; as a potassium 
salt from uramil or murexide and potassium cyanate. 

1 ‘Methylpseudouric acid ; 1 : 3-dimethylpseudouric acid ; 1:3; T -trimethyl’ 
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pBeudownc acid ; 1 : ^-diethylpseudouric acid are prepared from the corresponding 
alkyluramils and potassium cyanate. When heated with oxalic acid to 150'', 
or when boiled with hydrochloric acid, they change into the corresponding uric 
acids (Ber. 30, 559, 1823). 

Phenylpseudouric acidy (C4H308)-NHC0NHCeH5, is prepared from uramil and 
phenyl iwcyanate (C. 1900, I. 806). 

NH*C (SHI 

Thlouramil, ^C‘NH2, results when a solution of potassium 

urate is heated with ammonium sulphide to 155-160° (Ber. 28, R. 909 : Ann. 
288, 157). It is a strong acid. Its solution imparts an orange colour to a pine 
chip. It gives the murexide test (p. 636). Nitric acid oxidizes it to sulphuric 

acid and alloxan. ^-Thiopseudouric acid, ^ C-NHCO'NHa» is 

obtained from thiouramil and potassium cyanate (Ann. 288, 171). 

Alloxan, mesoxalyhirea, qq^CO, is produced by the careful 

oxidation of uric acid, or alloxantin, with nitric acid, chlorine, or bromine. 
Alloxan crystallizes from warm water in long, shining, rhombic prisms, with 4 
molecules of HgO, the crystals having the formula : CO(NHCO)2C(OH)2 -f 3H2O. 
When exposed to the air they effloresce with separation of SHjO. The last mole- 
cule of water is intimately combined (p. 617), as in mesoxalic acid, and does not 
escape until heated to 150°. 

Alloxan is easily soluble in water, has a very acid reaction, and possesses a 
disagreeable taste. The solution placed on the skin slowly stains it a piuple- 
led. Ferrous salts impart a deep indigo blue colour to the solution. When 
hydrocyanic acid and ammonia are added to the aqueous solution, the alloxan 
breaks down into COg, dialuric acid, and oxaluramide (p. 630), which separates 
as a white precipitate (reaction for detection of alloxan). 

Alloxan is the parent substance for the preparation of numerous derivatives 
{Bacyer, Ann. 127, 1, 199 : 130, 129), which have in part already received men- 
tion, and some of which will be discussed after alloxan. These genetic relation- 
ships are expressed in the following diagram : 


yNHCO 
CO< I 

\nhco 

Tarabanic acid. 


Alloxan. Alloxantin. 


(9) 


co<nh:to>choh 


Dialuric acid. 



Diliturlc acid. 


( 6 ) 


co<nS«)>c = noh- 

Viuluric acid. 


(7) 


^C0<^g;^g>CHNH. 


Uramil. 


(1) Reducing agents, e.g. hydriodic acid, SnClj, HgS, or Zn and hydrochloric 
acid, convert alloxan in the cold into alloxantin (p. 634) ; (2) on warming, into 
dialuric acid (p. 631). (3) Alloxantin digested with concentrated sulphuric acid 

becomes barbituric acid, (p. 630) ; (4) fuming nitric acid changes it to dilituric 
acid ; (5) and with potassium nitrite it yields violuric acid, (6) (7) Uramil 
results from the reduction of dilituric acid and violuric acid. (8) Dilituric acid 
is formed when violuric acid is oxidized. (9) Hydroxy lamine converts alloxan 
into its oxime — violuric acid. (10) Boiling dilute nitric acid oxidizes alloxan 
to parahanic acid and COg. 

The primary alkali sulphites unite with alloxan just as they do with mesoxalic 
acid, and crystalline compounds are obtained, e.g. C4H2N204*KHS03 + HjO. 
Pure alloxan can be preserved without undergoing decomposition, but in the 
presence of small quantities of nitric acid it is converted into alloxantin. Alkalis 
or calcium or barium hydroxide change it to alloxanic acid, even when acting 
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in tlie (!old. Its aqueous solution undergoes a gradual decomposition (more rapid 
on heating) into alloxantin, parabanic acid, and COg. 

Alloxan phenylhydrazoney m.p. 284'' (Ber. 24, 4140 : 31, 1972). 

Alloxan semicarbazide (Ber. 30, 131). 

Alloxan unites with aromatic amines to form dyes of quinonoid character 
(Vol. II) (Ann. 333, 36 : J. pr. Chem. [2] 73, 449). o -Phony lonediamine pro- 
yN = CCONH 

duces alloxazine, CgH4<(^ | 1 . Substances with an active CHg-group 

\N=CNHCO 

readily react with alloxan (Ann. 255, 230, etc.). 

Methylalloxany produced by the oxidation of 

methyluric acid. 

Dimethylalloxany CO[N(CH3)‘CO]2CO, is produced when aqueous chlorine 
(from hydrochloric acid and KClOg) acts on theine ; and by the careful oxidation 
of tetramethylalloxantin (Ber. 27, 3082). When it is boiled with nitric acid, 
methyl- and dimethyl-parabanic acids are formed. 

Dieihylalloxan (Ber. 30, 1814). 

Dibromomalonylureay dibromoharbituric acidy Br2C(CONH)2CO, results when 
bromine acts on barbituric acid, nitro-, amino- and i^onitroso -barbituric acids. 

Oximinomalonylurea, isonitrosobarbituric acidy violuric acidy CO(NHCO)a- 
C : NOH, the oxime of alloxan, the first-known “ ketoxime,” is obtained by the 
action of potassium nitrite on barbituric acid, and of hydroxylamine on alloxan. 
It yields with metals blue, violet, or yellow coloured salts (Ber. 32, 1723). 
When heated with the alkalis, it breaks down into urea and t^onitrosomalonic 
acid (p. 618). 

Dimethylvioluric acidy m.p. 141° (Ber. 28, 3142 : R. 912). Diethylvioluric 
acid (Ber. 30, 1816). 

Alloxanic acid, 6-hydroxyhydantoin-^-carboxylic acidy NH'CO*NH‘CO* cl(OH)- 
COOH. The barium salty C4H2N206Ba + H2O, is formed by the action of warm 
baryta water on alloxan, a peculiar change from a six- to a five-membered ring 
taking place (Ann. 483, 68), The free acid is obtained as a readily soluble crys- 
talline mass by treating the barium salt with sulphuric acid ; it is a dibasic acid, 
the hydrogen of the 3-imino group being replaceable by metals, as well as that 
of the carboxyl group, Parabanic acid is formed on oxidation, and by reduction 
with hydriodic ac id, hydantoin is produced (Ann. 119, 127 : 130, 159). 

Diureides. — When the ureides, parabanic acid, alloxan and dimethylalloxan 
are reduced, there is probably combination of the reduced with the still imre- 
duced molecules (see Vol. IT. Quinhydrone), whereby the diureides, oxalantin, 
alloxantin and amalic acid are formed (c/. Ann. 333, 63 : 344, 17). 

Oxalantin, leucoturic acidy CeHeN403, is obtained by the reduction of 
parabanic acid. 

Alloxantin, cO(NHCO j^C^ll)^^ 3H2O, is obtained (1) by reducing 

alloxan with SnClg, zinc and hydrochloric acid, or HgS in the cold ; (2) by mixing 
solutions of alloxan and dialuric acid ; (3) from uric acid and dilute nitric acid 
(Ann. 147, 367) ; (4) from convicin, a substance occurring in broad-beans, 
Vicia faba minor y and in vetches, Vida sativay when they are heated with sul- 
phuric or hydrochloric acid (Ber. 29, 2106). 

It crystallizes from hot HjO in small, hard prisms with 3H2O and turns red in 
an atmosphere containing ammonia. Its solution has an acid reaction ; ferric 
chloride and ammonia give it a deep -blue colour, and barium hydroxide solution 
produces a violet precipitate, which on boiling is converted into a mixture of 
barium alloxanate and dialurate. On boiling alloxantin with dilute sulphuric 
acid, it changes into the ammonium salt of hydurilic acid, C8HgN40e -4- 2H2O. 
It combines with cyanamide, forming isowrfc acidy NC'NHCH(CONH)2CO, which 
yields uric acid when boiled with hydrochloric acid, and y-thiopBe\idouric acidy 
H2N-CS NHCH(C0NH)2C0, when heated with ammonium sulphide (Ber. 38, 
2563). 

Tetramethylalloxantin, amalic acidy C8(CH8)4N407, is formed by the 
action of nitric acid or chlorine water on theine, or, better, by the reduction 
of dimethylalloxan (see above) with hydrogen sulphide (Aim» 215) 258). 
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Purpuric acid, C’gHgNgOg, is prepared from murexide (the salt of this acid) 
by passing hydrochloric acid gas into its solution in glacial acetic acid. It is an 
orange-red powder, which is immediately decomposed into alloxan and uramil 
by the action of water (J. pr. Chem. [2] 73, 403 ). 

Murexide, CgH4N0O5(NH4) + HgO (structural formula, see below), is the 
ammonium salt of purpuric acid. It is formed (1 ) from alloxantin and ammonium 
acetate and carbonate when they are heated ; (2) by mixing alloxan and uramil 
in ammoniacal solution ; (3) by careful oxidation of uric acid with dilute nitric 
acid (see above. Alloxantin) and adding ammonia to the residue on evaporation 
{ynurexidc rcactiony C. 1898, I. 065 : Ann. 333, 28). It forms tables or prisms of 
a gold-green colour, which dissolve in water to a purple -red coloured solution. 
Sodium purpurate, CgH4N805Na -f- H2O, is formed from murexide and sodium 
chloride ; potassiujn purpurate also from the di-potassium salt of uramil and 
iodine. 

Hydrochloric acid decomposes murexide partially into uramil and alloxan, 
and partly into ammonia and alloxantin. 1 : 3-Dimethyluramil and alloxan, also 
1 : 3-dimethylalloxan and uramil, give two different murexides, showing that 
the molecule is an unsymmetrical one. 5-Alkyluramils (p. ()32) do not yield a 
murexide ; 7 -alkyluramils lose alcohol and form salts of a simple purpuric acid ; 
therefore, purpuric acid is considered to be fici-harbiturylimidoalloxariy and 
murexide, the ammonium salt, to have the formula : 

/NHCOC— N=C(C 0 NH) 2 C 0 
CO<( II 

\nH CONH4 

(Ann. 333, 22: C. 1904, TI. 31G : J. pr. Chem. [2J 73, 499). 

NH— CO 

Uric acid, C5H4N4()3, CO C— NH\ , is a white, crystalline, 

I II >CO 

NH— C— NH/ 

sandy powder, discovered by Scheele in 1776, in urinary calculi. It 
occurs in the fluids of the muscles, in the blood and in the urine, 
especially of the carnivorse, whilst that of the herbivorse contains 
mostly hippuric acid ; also, in the excrements of birds (guano), 
reptiles and insects. When urine is exposed for a while to the air, 
uric acid separates ; this also occurs in the organism (formation of 
gravel and joint concretions) in certain abnormal conditions. 

History (Ber. 32, 435). — Liebig and Wohler (1826) showed that numerous 
derivatives could be obtained from uric acid. Their relationships and consti- 
tution were chiefly explained by Bacyer in 1863 and 1864. In consequence of 
certain experiments of A. Streckcr, Medicus (1875) proposed the structural for- 
mula given above for the acid. This was conclusively proved by E. Fischer in 
his investigation of the methylated uric acids. 

The results derived from analysis were confirmed by the synthesis made 
in 1888 by B. Behrcnd and O. Roosen^ who proceeded from acetoacetic ester 
and urea (p- 639). Horbaezewski (1882-87) had previously made syntheses of 
uric acid at elevated temperatures, but. obtained poor yields. They consisted 
in melting together glycocoll, trichlorolactamido, etc., with urea. No clue as 
to the constitution of the acid could be deduced from these. In 1895 E. Fischer 
and Lorenz Ach showed how pseudowric acid (p. 639), previously synthesized 
by A. Bacyer y could, by fusion with oxalic acid, be converted into uric acid. 

Preparation. — Uric acid is best prepared from guano or the 
excrements of reptiles. 

Properties. — Uric acid is a shining, white powder. It is odourless 
and tasteless, insoluble in alcohol and ether, and dissolves with 
difficulty in water ; I part requires 88,000 parts of water at 18° (C. 
1900, II. 42) for its solution, and 1800 parts at 100°. (More recent 
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solubility determinations, see Ann. 431, 104.) Its solution remains 
long supersaturated. Its solubility is increased by the presence of 
salts like sodium phosphate and borate. Water precipitates it from 
its solution in concentrated sulphuric acid (Ber. 34, 263). On evapor- 
ating uric acid to dryness with nitric acid, a yellow residue is obtained, 
which assumes a purple-red colour if moistened with ammonia, or 
violet with potassium or sodium hydroxides {murexide reaction^ p. 635). 
When heated, uric acid decomposes into NHg, COg, urea and cyanuric 
acid. The action of chloride and oxychloride of phosphorus on uric 
acid and alkyluric acids is of special importance in the chemistry of 
the uric acid group. The reaction is comparable to the conversion 
of acid amides into imidochlorides. The resulting compounds are 
highly reactive, whereby the chlorine can be exchanged for alkoxyl, 
hydroxyl, hydrosulphyl, the amino-group, iodine, and sometimes also 
hydrogen. The inter-connection between the members of the uric 
acid group can be elucidated by these chemical changes (Ber. 32, 445). 

Carbon disulphide, when heated under pressure with uric acid, forms 

NHCOCNHv 

with it so-caUed thioxanthine, | || ^SH, which also results 

CONHC— 


when y-thiopseudouric acid (p. 634) is boiled with mineral acids (C. 
1902, 1. 548 : Ber. 34, 2563). When heated with ammonium sulphide 
urea is converted into thiouramil (p. 633). Electrolytic reduction in 


sulphuric acid solution produces puronCj CO 


^NHCHgCH-NH 
\nH CHNH. 




a neutral body, together with the isomeric isopuronCj soluble in alkalis 
and acids, which can also be produced by the transformation of purone, 
and tetrahydrouric acid, C6H8N4O3. Similar products are also obtained 
from the methylated uric acids (below) (Ber. 34, 258). Formalde- 
hyde unites with uric acid to form mono- and di ’formaldehyde addition 
products, C6H4N4O3 + CHgO and + 2CH2O (Ann. 299, 340). 

Salts . — Uric acid is a weak dibasic acid. (Acidity of the individual 
hydrogen atoms, see Bei. 53, 2327 : 54, 1676.) It forms monobasic 
hydrogen salts with the alkali carbonates. The normal alkali salts 
are obtained by dissolving the acid in potassium or sodium hydroxide. 
When CO 2 is conducted through the alkaline solution, the primary 
salts are precipitated. 

The potassium salt, C6H3N4O8K, dissolves in 800 parts of water 
at 20° ; the sodium and ammonium salts are more insoluble ; 
lithium salt (Lipowitz) is much more soluble (in 368 parts of water 
at 19°) (Ann. 122, 241), hence lithium mineral waters are used in 
such diseases where there is an abnormal metabolism of uric acid. 


This salt is, however, greatly surpassed by the piperazine salt, 
C5H4N408 NH<^g*‘^g®^NH (Finzelberg), which dissolves in 50 parts 

of water at 17° (Ber. 23, 3718). The lysidine or methylglyoxalidine 
salt (Ladenburg) is even more soluble (1 part in 6 parts of water ; 
Ber. 27, 2952). In actual practice, these compounds are not of mudi 
value in the treatment of gout. 


Methyluric acids (Ber. 32, 2721 : Ann. 309, 260). — The four hydrogen 
atoms in uric acid can be replaced by methyl groups. In all methyluric acids, 
including tetramethyluric acid, the methyl groups are linked to nitrogen ; this. 
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in conjunction with the decompositions and synthesis of uric acid, argues for 
formula I, without, however, in the light of our present representations, excluding 
formulae such as II (c/. below, the isomeric 3-methyluric acids ) : 


NH— CO 


N = COH 


I. 


CO 

I 

NH— C 


C— NHv 

>CO 
!— NH/ 


I I 

II. HOC C— NH\ 

II II >C-OH. 

N— C N/ 


To indicate the position of the methyl groups in the methyluric acids and 
the constitution of other bodies containing the same hetero-twin ring, E. Fischer 
suggested that the carbon and nitrogen atoms of the nucleus contained in uric 
acid and bodies related to it be numbered, and that the hydrogen compound 
of the nucleus, C 5 N 4 , which could have two formulae, should be called “ purine ” 
(from purum and uriaum). 

1 6 

N C N=CH N==CH 


I I 7 

C2 5C— N^ 8 

N C— N/' 


I I 

HC C— NH 


N— C- 


•N/ 


I I 

HC C- 


N— C— NH 


'V- 

m/ 


a 49 


Purine (Ber. 32, 449). 


The methyluric acids are obtained (1) by treatment of lead and potassium 
urates and inethylurates with iodomethane ; ( 2 ) from the formaldehyde uric 
acid compound (p. 63()) by reduction (C. 1900, II. 459) ; (3) from the correspond- 
ing pseudoxxv'ic acid (p. 032) through loss of water. Whilst formula I for uric acid 
indicates the possibility of only four isomeric monomethyluric acids, actually 
six are known, as well as six dimethyluric acids, four trimothyluric acids and one 
tetramethyluric acid. 

Methyluric acid is obtained together with ^-methyluric acid from uric acid 
(Ann. 413, 98 : Ber. 52, 708, 784) : the former yields, by the action of nitric acid, 
alloxan. 3 -Methyluric acid is best obtained synthetically by Traube’s method 
(Ber. 53, 709) and yields on oxidation with nitric acid methylalloxan. 1 -Methyl- 
uric acid is obtained from i -methylpseudoMcic acid. \-Methyluric acid is formed 
from monomethylalloxan (Ber. 32 , 2721). 3-Methyluric acid yields on per- 
manganate oxidation the same a-methylallantoin as is formed from 9-inetliylurio 
acid, and similarly 1- and 7-methyluric acids yield the same )3-inethylallantoin ; 
this can be explained by the assumption of the intermediate formation of a 
common symmetrically constituted compoimd (Ann. 333, 145). 

COOH 


^NU CCONU 

<'()<C !l I - 

9-Methyluric acid. 


O ^NH 

— > (;o<^ 


I 


o 

>C() < 

N(CH,)C(OH)NH^ 


^NHCCO NH 

II I 

^NHCN(CU,)CO 
3-Mcthyluric acid. 


CO<^ 


NH- 


CH— 

I ^CO 


N(CH,)CO U.N 
a-Metliyl allautoiu. 

.N(CH,)CCONH O 

co<; II I — 3 

CNHOO 

7-MethylurIc acid. 


COOH 
N(CH,)-C NH. 

CO< I >co. 

\nH C(OH)NH^ 


^N(CH,)CH— NH. 

co< I ^co 

^NH CO H,N-^ 

3-Methyl allautoiu. 

.NHCCONCH 

co<; II I 

^NHCNHCO 
1 -Methyluric acid. 


3 : ^-Dimethyluric acid (a) is obtained from basic lead urate and iodomethane. 
7 : Q- Dimethyluric acid (jS) (Ber. 17 , 1780). 1 : ^-Dimethyluric acid (y) is prepared 

from 1 : 3-djmethylp«ewdouric acid (p. 632) ; and from 1 : 3-dimethyl-4 : 5- 
diaminouracil (see also Theophylline, p. 644). 3 : 1 -Dimethyluric acid (S) is 

formed from 7-methyluric acid (see also Theobromine, p. 643). 1 : 1 -Dimethyl- 

uric acid is produced from 1 : 7 -dimethylp«ewdouric acid : 1 : % -dimethyluric acid 
(Ber. 32, 464). 

1:3: 1 -Trimethyluric acid, prepared from 1:3: 7-trimethyljp^?ewdouric acid 
(a), is identical with hydroxycaffeine (Ber. 30 , 667). 3:7: ^-Trimethyluric acid 

(a) is formed from 7 : 9 -dimethyluric acid. 1:3: ^-Trimethyluric acid is produced 
from 1 : 3 -dimethyluric acid. 1:7: ^-Trimethyluric add (Ber. 32 , 466). 
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Tetramethyluric acid is prepared from potassium trimethyl urate and iodo- 
methane. Isomeric with it is metfioxy calcine, 1:3: 7-trimethyl-2 : 6-dioxy- 
8-met hoxypurine, which is prepared from bromo- or chloro -caffeine by the action 
of sodium hydroxide in methyl alcohol (Ber. 32, 467). 

Phcfiyluric acid is prepared from phenyl/j.vei/douric acid (p. 633) (C. 1900, 1. 806). 

Purine, C5N4H4, m.p. 216°, is the fundamental compound of the uric acid 
group (p. 637). It cannot be obtained directly from uric acid, but it is prepared 
by converting uric acid by POCI3 (p. 641) into trichloroj)urinc, which, with hydri- 
odic acid at 0'^, gives 2 : Q-diodopurine ; this, on reduction with zinc dust and 
water, results in purine. 

Purine, like uric acid, can also bo synthesized as follows : — synthetic methyl - 
uracil is converted into 5-nitrouracil (p. 639) ; this, with POCI3, yields 2 : 4-di- 
chloro-6-nitropyrimidine (1), which with ammonia gives 2-chloro-4-amino-r)- 
nitropyrimidine (2) ; reduction with hydriodic acid gives 4 : 5-diaminopyrimi- 
dino (3), of which the formyl -deriv^ative (4), obtained by the action of formic 
acid, is decomposed when heated with water, when purine is formed : 


NH— CO 

I I 

CO C— NH 

1 

NH— C— NH/ 

Uric acid. 


— iNn\ 

II >cc 

— C— NH/ 


N-^CCl N— Cl 

II II 

»^CC1 C— NHn. ^CI C— NH\ 

II II >CC1 II II yc: 

N— c N/ N— C N/ 

Trichloropurine. Diiodopurine. 


IH 


N=:CH 

I I 

>-CH C— NH\ 

II II >CH 

N— C N/ 

Purine. 


N=CH 

(1) I I 

CIC CNO2 

II II 

N— CCl 


N=CH N-CH N = CH 

(2) II <3) I I (4) I I I 

> CIC CNO2 —> HC CNHg — > HC CNH-CHO 
II II II II II II 

N— CNH2 N^CNHg N— CNHj 


Purine reacts simultaneously as an acid and as a strong base. It is easily soluble 
in water, and is stable towards oxidizing agents. 

Meihylpurines and other simple purine derivatives are obtained similarly 
(Ber. 31, 2550; 39, 250). 


Oxidation of Uric Acid 

When uric acid is oxidized with ordinary nitric acid the products are alloxan 
(mosoxalyluroa) and parabanic acid (oxalylurea) : this oxidation proceeds through 
the stage of the 4 : 5-uric acid glycol (Biltz, Ber. 43, 1511). By the action of 
permanganate or a solution of iodine in alkali (Ber. 27, R. 902), allantoin, 
together with uroxanio acid. is produced : vroxanic acid ^ docomp. 162°, 

is diureidornalonic acid, (NH2*CO’NH)2C(C()OH)2, and changes into allantoin on 
prolonged Rtanding in contact with hydrochloric acid (Ber. 53, 1950 : forma- 
tion fiom uric acid, Ber. 53, 1964). 

Allantoxanic acid (oxonic acid) is also obtained by the oxidation of uritr atdd 
by alkaline permanganate (Ber. 53, 1971). 

These decompositions are represented in the following scheme : — 


COOH 

I 

C(NHC0NH2). 

I 

COOH 

Froxuiiic 


CONHv 

I 

HO CON-CNH / 

Allantoxanic acid. 
(Oxonic acid). 


-NH 


CO 


NHCO 

I I 

CO c 

I II 

^NHC— NH 

Uric acid. 


CONH 

I 

NH2 CO NH CH NH/ 
Allantoin. 


\ 


CO 


NHCO 

I I 

CO CO 

I I 

NHCO 

Alloxan. 


NH, CO,H 

I I 

CO + CO 

I I 

NH, CO,H 

Mcsoxalic 

acid. 


NH— CO 

I 

CO 

I 

NH • CO 

Parabanic 

a(atL 


NH./CONH2 

+ 

COOHCOOH 

Oxalic acid. 


Uric acid is the diureide of the hypothetical body, C(OH)2 — C(OH) — COgH, 
the put lido -form of the semi-aldehyde of mesoxalic acid, CHO-CO-COgH (p. 600). 
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Synthesis of Uric Acid : (1) from Acetoacetic Ester : (2) from Malonic 
Acid : (3) Cyanoacelyl Urea 

(1 ) From acetoacetic ester : (1) Acetoacetic ester and urea unite to jS-uram- 
idocrotonic ester. When this is hydrolysed with alkali it yields an acid which, 
in a free state, splits off water and becomes a cyclic ureide — methyluracil. 

(2) Nitric acid converts the latter into nitrouracil carboxylic acidy (3) whose po- 
tassium salt when boiled with water loses a molecule of carbon dioxide, and 
becomes converted into the potassium salt of nitrouracil. (4) The reduction of 
the latter with tin and hydrochloric acid gives in part aminouracil (Ann. 309, 
256) and in part hydroxyuracil or i&obarbituric acid. (5) Bromine water oxidizes 
the latter to i&odialuric acidy which when heated (6) with urea and sulphuric acid 
yields uric acid (Ann. 251, 235). 


I (1) 

CH^ 

1 

COCHg 

Acetoacetic 

ester. 


NHCCHg 

Methyluracil. 


NHg— C— COgH 
Nitrouracilic acid. 


CO C— 1 
1 11 

NH— CH 


NH—CO 

NH—CO 

NH—CO 


NH—CO 

1 1 (4) 

1 1 (5) 

1 1 

(«) 

1 1 

CO CNH.> j 

1 II 

. CO C— OH > 

1 11 

NH— CH 

^ CO C(0H)2 

>■ 

CO C— NHs 

1 II 

1 II 

NH— CH 

1 1 

NH— COH 


1 II 

NH— C— NH. 

Aminouracil. 

Hydroxyuracil 

(isoBarblturlc 

acid). 

i«ol)ialurlc acid. 


Uric acid. 


! 0 . 


(2) From malonic acid : (1) Urea and malonic acid yield rnalonylureay 

which (2) nitrous acid converts into oximiiiomalonylurea or rioluric acid. (3) 
When the latter is reduced, arninomalonylurea or uramil results. (4) This 
is changed by potassium cyanate into pseudouric acid. (5) On withdrawing water 
from pseudouric acid by means of molten oxalic acid or boiling hydrochloric acid, 
uric acid results (Ber. 30, 559) : 



Since alloxan and dimethylalloxan yield methylated pseudouvw acids, methy- 
lated uric acids can also be synthesized in this way. 

(3) From Cyanoacetyl urea : Urea and cyanoacetic acid are condensed to (1 ) 
cyanoacetylureay and this to (2) A -aminouracil or 4 -amino -2 : G-dioxypyrimidine 
(C. 1906, II. 1590 : Ber. 41, 5 32). This, with nitrous acid, gives (3) a nitroso- 
compound which, with ammonium sulphide, is reduced to (4) 4 : iy-diamino- 
uracil. The diamine reacts with chlorocarbonic ester and aqueous sodium 
hydroxide to form (5) a urethanCy the sodium compound of which when heated 
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to 180-190° is converted into (6) sodium urate (W. Traube, Ber. 33, 3035 : 
Ann. 331 , 64) : 

NH— CO NH— CO NH— CO 


CO CH* - 

f I 

NHa CN 

Cyanoacetylurea. (1) 

NH— CO 

1 1 

CO CNH\ 


NH— CNH< 


CO CH 

I li 

NH— CNHa 

4-Ainlnouracil. (2) 

NH— CO 

1 1 

CO C NHCO2R 

1 11 

NH— CNHo 


I I 

CO CNO 

I II 

NH— CNH2 

(3) 

NH— CO 

I I 

CO C NHg 

1 II 

NH— CNH« 


Uric acid. (6) 


(5) 


4 : 5-Diamlnouracil. (4) 


This synthesis can be employed generally with the following modifications : — 

(1) Replacement of the urea by methylated ureas in the condensation with 
cyanoacetic acid to obtain methylated uric acids, 

(2) Replacement of the chlorocarbonic ester by formic acid ; formyl diamino- 
uracil is formed, the sodium compound of which, on being heated, yield xanthine 
or methylated xanthines (pp. 642—3). 

(3) Condensation of guanidine, instead of urea, with cyanoacetic acid to form 
2 : 4-diamino-6-oxypyrimidine ; this is ultimately transformed into guanine 
(p. 642). 

(4) Condensation of cyanoacetic acid with thiourea to form 2-tliio-4-amino- 
6-oxypyrimidine. This is converted into thio-oxy purine which, when oxidized 
by nitric acid, yields sulphuric acid and hypoxanthine (p. 642), 

(5) Condensation of malonic nitrile with thiourea to form 2-thio-4 : G-diamino- 
pyrimidine (below), which, analogously to the above, is converted through its 
nitroso-compound into 2-thio-4 : 5 : 6-triaminopyrimidine (2), of which the potas- 
sium salt of the formyl-compound, when heated, yields 2-thio-6-aminopurine (3) ; 
oxidation with HjOg produces sulphuric acid and adenine (4) : 


N-CNHa 

1 1 

N--CNH 2 

N— CNH 2 

N: 

-C-NHg 

1 1 

HSC CH 

1 1 

-> HSC CNHo — 

I 1 

HSC CNHv 

II 11 >CH 
N— C— N^ 

1 

-> HC 

I 

CNHv 

11 il 

N— CNHo 

II II 

N— CNH 2 

11 

N- 

11 >CH 
-C— N^ 

(1) 

Gi) 

Thioaminopurino. 

(3) 


Adenine. 

(4) 


Xanthine Group. — Guanine, xanthine, hypoxanthine, and adenine stand in 
close relation to uric acid. Like it, they o(-cur as products of the metabolism of 
the animal organism, and are most easily produced from nucleic acids (p. 748) 
by hoiling them with water (c/. Ber. 37, 708). Xanthine and hypoxanthine occui* 
m the extract of tea. Bodies of the xanthine group are found in the juice of 
the sugar beet (Ber, 29, 2645). 

HN— CO HN— CO 


CO C — NH 


; — IN 

I 


HN— C N^ 

Xanthioe. 

HN— CO 


HN ; C C— NH 

I II 

HN— C N 

Guanine. 

HN— C : NH 



Guanine is changed into xanthine by the action of nitrous acid and yields 
guanidine on decomposition (p. 512). It is, therefore, to be regarded as being 
xanthine in which a guanidine residue takes the place of a urea residue, i.e. the 
oxygen of a CO-group is replaced by NH. Adenine stands in similar relation to 
hypoxanthine as guanine to xanthine, in that its conversion into hypoxanthine 
is brought about by nitrous fiwid. 
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Conversion of Uric Acid into Xanthine, Guanine, 
Hypoxanthine and Adenine 

Potassium urate and phosphorus oxychloride produce 8-oxy-2 : S-dichloro- 
pimine, which on further treatment with phosphorus oxychloride yields 2 : G : 8- 
trichloropurine, m.p. 188°. The latter is a weak acid, and gives, on methylation, 
a mixture of the two isomeric forms of methyltrichloropurine. 


NH— CO 

I I 

CO C— NHx 

I 


lj — IN 

II >co 

NH/ 


NH— C— NH/ 

Uric acid. 


>1^ 

N=CNH, 


(3) 


N = CCl 

(1) I I 

C Cl C— NHv 

II II >co 

N C— NH/^ 

8-Oxy-2:6-dichloropurlne. 


N= CCl 

(2) I I 

> C Cl C— NHv 

II II >CC1 

N— C N/ 

Triciiloropurine. 

J I I (») 


I (5) 
NH— CO 
I I 


CCl C— NHn. CCl C— NHx 

II II >CC1 11 II Vci 
N— C N/ N C N/ 

Dichloroadenine. Dichlorohypoxanthiue. 


i (-i) 

N-CNHa 

I I 

CH C— NH 

II II 

N— C N. 

Adenine 


( 6 ) I’ 

NH— CO 

I I 

CH C— NHn. 

H II II >CH 

N- -C N/ 

Hypoxanthine. 


(7) NH-CO N=COC,K, 

^ II II 

H,NC C— NHn C0H5OC C— NH\ 

II II >0C1 ‘ II II >CC1 

N c N/ N— C N/ 

Chloroguanlue. 2 : 0-Diethoxy-8*cliloro- 

purine (m.p. 209°). 

>i (8) >i (10) 

NH— CO NH~ CO 

II II 

“ '' CO C— NHn 


N — C — 
Ouauiue 


>CH I 
N/ NH— C 


N/ 

Xanthine, 


The chlorine atoms 2 and 6 are easily substituted in the presence of alkalis 
by OH, CjHqO, and NH, ; but in the 8*position the chlorine atom can be replaced 
by hydroxyl, by fuming hydrochloric acid, but not by alkalis. On this behaviour 
is based the synthesis of xanthine, guanine, hypoxanthine and adenine (Ber. 30, 
2220, 2226). 

Uric acid is (1) acted on by POClj to form S-oxy-2 : Q-dichloropurme, and is 
similarly (2) converted into trichloropurine. The latter, with aqueous ammonia 
at 100° gives (3) dichloroadenine, with aqueous KOH at 100° (5) dichlorohypo- 
xanthinc, and with sodium ethoxide (9), 2 : Q~diethyoxy~S~chloropurine. These 
three substances, when reduced with hydriodic acid, yield (4) adenine, (6) hypo- 
xanthine, and (10) xanthine. Further, dichlorohypoxanthiue and alcoholic 
ammonia (7) yield chloroguanine, and this, with hydriodic acid, (8) guanine. 

The reverse change, from xanthine to uric acid, can be brought about by 
coupling the xanthine with dichlorobenzenediazonium chloride to yield the azo- 
compound (1), which can be reduced with sodium hydrosulphite to the amino- 
compound (2) and the latter converted into uric acid by nitrous acid {H. Fischer, 
Z. physiol. Chem. 60 , 69). 


NH— CO 

I 1 

C— NH 


CO 

I 

NH- 


-N: 


CH- 


— CO 

I 

C— NHn 

-> II >C-N : 

— C N/ 


NC«HaCL- 


( 1 ) 


-CO 

I 

C— NH\ 


INri'v 

II >C-NH, 
— C N/ 


( 2 ) 


NH-CO 

I I 

CO C— NHn 

I II >co 

NH-C— NH/ 


Xanthine and the methylated xanthines (p. G43) are reduced electrolytically 
in sulphuric acid solution, whereby the oxygen atom in position 6 is replaced by 
two hydrogen atoms to form the desoxy -compound, which easily loses two hydro- 
VOL. I. TT 
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gen atoms by oxidation to form oxy purine. Similarly, guanine yields desoxy- 
quanine and this 2-aminopurine ; similarly with adenine {Tajel, Ber. 33, 3369 : 
34, 1165) : 


NHCOCNHv 
I II >CH 
CONH-C— 

Xanthine. 


4H 


-> I 




CONH 

Desoxyxanthine. 


N : CH— C-NH\ 

I II >CH 

CO-NH-C— 

2-Oxypnrine (isomeric 
with hypoxanthine). 


Desoxy xanthine t desoxyheteroxanthiney and desoxyparaxayithine are decomposed 
by acids into COg, NHg and iminazolone derivatives : 


NRCOCNR\ 2H.0 NHRCOCH- 

I 11 >CH ^ I 

CONH-C— CO- 

whilst desoxytheophylline and desoxycaffeine, xanthines, in which the methyl 
group occupies the 3-position, are far more stable (Ber. 41, 2546). 

Xanthine, 2 : Q-dioxy purine y C6N4H4O2 (constitutional foimula, above), occurs 
in small quantities in animal secretions, such as urine, blood, the liver, and some- 
times in urinary calculi ; it is found, also, in extract of tea. It is prepared by 
the action of nitrous acid on guanine in sulphuric acid solution (Ber. 32, 468) ; 
also, by heating the sodium salt of formyl-4 : 5-diaminouracil (p. 640) to 220°. 
It forms a white amorphous mass, which is somewhat soluble in boiling water, and 
combines with both acids and alkalis. It dissolves easily in boiling ammonia, from 
a solution in which silver nitrate precipitates a compound, C^HgAggN^Og + HgO. 
The corresponding lead compound is converted into theobromine (dimethyl- 
xanthine) when heated with iodomethane at 100°. Methylation in alkaline 
aqueous solutions produces caffeine. When heated with potassimn chlorate and 
hydrochloric acid, xanthine (analogously to caffeine, p, 644) is broken down into 
alloxan and urea. 

CONHCNHv 

S-Thioxanthine, | ll /CS, is formed when y-ihiopseudorn'ic acid 

NH-CO-C’NH/ 

(p. 634) is heated ; and from 4 : 5-diaminouracil (p. 640), and carbon disulphide 
(C. 1903, II. 80). 

Guanine, 2 -arnino-^ -oxy purine y CgNgHgO (constitutional formula, p. 641), 
occurs in the pancreas of some animals, and particularly in guano ; also in the 
silvery matter of the scales of bleak, Alhurnus lucidus (C. 1898, I. 1132). It is 
readily synthesized by converting cyanoacetylguanidino (p. 640) into triamino- 
yNHCOCNIIg 

oxypyrimidine, HgN-O^ || , and heating this with formic acid (Ber. 

CNHg 

33, 1371). 

Guanine forms an amorphous powder, insoluble in water, alcohol and ether. 
It combines with one and two equivalents of acids forming crystalline salts, such 
as CgH 5X50-21101 ; and also with alkalis to form crystalline compounds. Silver 
nitrate precipitates a crystalline compound, CgHgNgO-AgNOa, from a nitric acid 
solution of the substance. Nitrous acid converts guanine into xanthine. Potas- 
sium chloride and hydrochloric acid decompose it into parabanic acid, guanidine 
and carbon dioxide (p. 512). 

Bromoguanine is formed from guanine and bromine. Fuming hydrochloric 
acid converts it into 2-amino-6:8-dioxypurine. Chloroguanine is prepared from 
dichlorohypoxan thine and alcoholic ammonia. With hy dr iodic acid it yields 
guanine. 

Hypoxantliine , Q-oxypuriney C5N4H4O (constitutional formula, p. 641), almost 
invariably accompanies xanthine in the animal organism, and can be differenti- 
ated from it particularly by the slight solubility of its hydrochloride. It 
forms needles, soluble with difficulty in water, but soluble in acids and alkalis, 
and in ammoniacal solution is precipitated by silver nitrate which forms 
C5HgAggN40 + HgO. 

Dimethylhypoxanthine is decomposed when heated with hydrochloric acid into 
methylamine and sarcosine (p. 441) (Ber. 26, 1914). The position of the oxygen 




!H + CO, + NH3 ; 
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atom is determined by the transformation of adenine into hypoxanthine by 
nitrons acid ; also by its formation from the decomposition of the synthetic 

/NHCOCNHn. 

2 -thio* 6 -oxypurine HSO^ H 

-C—N^ 

Adenine, iS-aminopuriney C 5 N 5 H 5 (constitutional formula, p. G41), m.p. 360— 
SOS'" (decornp.) (Ber. 30 , 2242), is a polymer of hydrocyanic acid. It is obtained 
from the pancreas of cattle, and occurs in extract of tea. It crystallizes with 
3 molecules of water in mother-of-pearl crystals, which lose water at 54° and 
turn white. Nitrous acid converts it into hypoxanthine ; hydrochloric acid at 
180-220° into glycocoll, ammonia, formic acid and carbon dioxide {Kossel, Ber. 
23 , 225 : 26 , 1914). The position of the amino-group is fixed by the connec- 
tion of adenine with 6 -amino- 2 : 8 -dioxypurine through dichloroadenine ; fuming 
hydrochloric acid converts dichloroadenine into 6 -amino- 2 : 8 -dioxypurine, which 
on decomposition does not yield guanidine, showing that the amino -group must 
be in the 0 -position and not in the 2 or 8 . 

Synthesis of adenine from 2-thio-4 : 5 : 6-triaminopyrimidine (p. 040). The 
analogous formation of purine derivatives still richer in nitrogen, such as 2 -amino - 
adenine, C 6 N 4 H 2 (NH 2 ) 2 > from malonic nitrile, guanidine, etc., see Ber. 37, 4544. 

MethylxantWnes . — Heteroxanthine, theobromine, paraxan thine, theophyl- 
line, theine (or caffeine), are all methyl derivatives of xanthine. 

Heteroxanthine, 1-methylxanthine, C 5 H,N 40 (CH 8 ), occurs in small quantities 
in urine, and is formed from theobromine by the loss of methyl. By methylation 
it is converted into caffeine ; hydrochloric acid decompose it into sarcosine 
(Ber. 32, 469). Electrolytic reduction produces desoxy heteroxanthine, which on 
oxidation forms 1 -methyl -2 -oxy purine {cf, p. 042). The isomeric Z-methylxanthine 
is prepared from 3*methyluric acid (p. 637), and also from cyanoacetylmethyl- 
urea, CN'CHgCO-NHCONH-CHg, as shown in diagram 3 of the uric acid synthesis 
(p. 640). 

Theobromine, 3 : 1 -dimethylxanthine, C 5 H 2 N 402 {CH 3 ) 2 , occurs in the cocoa 
beans of Theobroma cacao ; it is artificially prepared by methylating xanthine 
(p. 042) or 3-methylxanthine (Ber. 33, 3050). 

Theobromine forms a bitter-tasting crystalline powder, slightly soluble in hot 
water and alcohol, but is fairly easily soluble in ammonia. It sublimes unchanged 
when carefully heated at 290°. Its reaction is neutral, but it forms crystalline 
salts with acids, which are decomposed by excess of water. Its silver salt, 
C 7 H 7 AgN 402 , and iodomethane produce caffeine. Electrolytic reduction pro- 
duces deaoxy theobromine, which on oxidation yields 3 : 1 -dimethyl-2 -oxy purine 
{cf. p. 042). Theobromine on oxidation is converted into oxy-3 : 7-dimethyl- 
uric acid (Ber. 31 , 1450) ; potassium chlorate and hydrochloric acid decompose 
it into monomethylalloxan and monomethylurea. The action of dry chlorine on 
theobromine (Ber. 30 , 2604), 

pseudoT heobromine is formed from the silver xanthine compound and iodo- 
methano (C. 1898, I. 1132). 

Paraxanthine, \:1 -dimethylxanthine, C 5 H 2 N 402 (CH 3 ) 2 , m.p. 289°, occurs 
in urine (Ber. 18 , 3406). It is prepared from theobromine by the removal of 
methyl and its replacement in another position (see below for synthesis). It is 
obtained from 1 : 7 -dimethyluric acid, as theobromine is from the 3 : 7-coinpound 
(Ber. 32 , 471). Methylation produces caffeine (Ber. 30 , 554). 


Synthesis of Heteroxanthine, Theobromine, and Paraxanthine 

7 -Methylpsei^uric acid yields 7-methyluric acid, which by methylation 
gives 3 : 7 -dimethyluric acid. POClg converts (1) 3 : 1 -dimethyluric acid into 
chlorotheobromine, which is reduced ( 2 ) by hydriodic acid to theobromine, and 
which is formed from theobromine (3) by iodine chloride. 

When theobromine is heated with POCI 3 and PCI 5 (4) it loses a methyl group 
and forms 2 : 6-dichloro-7-methylpurine which with hot fuming hydrochloric acid 
(5) gives heteroxanthine. If 2 : 6-dichloro-7-methyl purine is boiled with dilute 
aqueous sodium hydroxide, it is converted into 6-oxy-2-chloro-7-methylpurine. 
If the potassium salt of this body is methylated (7), there is formed 0-oxy- 
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2-chloro-l : 7-dimethylpurine from which hot fuming hydrochloric acid produces 
( 8 ) paraxanthine (Ber. 32 , 469). 


NH— CO 

I 


CO 


I II 

CH,N O— NH 

3 ; 7*Dimethyluric acid. 


NH— CO 

(1) I I .CH, 
CO C— N<^ 

1 II >CC1 

CH.N C — N 

Chlorothcobromine. 


^Cfl, 


i 

NH— CO 


(«) 


cUn<"“* 

II 


CCl 

>CH 

N C— N" 

7-Methyl-6-oxy- 

2-chloropurine. 


(7) 


CH.N 


CCl 


(3) NH— CO N^=CC1 

-f- I I .CH,(4) I I 

CO C— N<C -^cci C— N<r 

(2) I II ^CH II II >CH 

CH.N C— N N C— N 

Theobromine. 7-Methyl-2 : 6-di- 

chloropurlne (m.p. 200®). 


_l 


CO 

I .CH, 
C— NC^ 

I, II ^CH 

N C— N 

1 : 7-Dlmethyl-6“ 
oxy-2-chloropuriiie. 


CH.N CO 

(8) I I .CH. 
CO C— N<r 
I II ^CH 
NH— C— N 
Paraxanthine. 


^(5) 


C^O 


NH— CO 

I ^CH, 

c— N<r 

I II >CH 

NH— C— N 

Heteroxanthine 

(m.p. 380°). 


The constitution of 6-oxy-2-chloro-7*methylpurme is so assigned, because its 
reaction product with ammonia gives guanidine when oxidized with chlorine, so 
that it must be 6*oxy-2*amino-7-methylpurine. This establishes the constitution 
of heteroxanthine. 

The product of methylating 6-oxy-2-chloro-7-methylpurine can only have 
the second methyl group in the 1 -position, whereby the 1 : 7 -position of the methyl 
group in paraxanthine is determined. 

Theophylline, 1 : S-dimethylxanthinef m.p. 264°, was discovered in 1888 by 
Kossel in tea extract. By the action of methyl iodide on silver theophylline he 
obtained caffeine (Ber. 21 , 2164). Theophylline has been synthetically prepared 
from 1 : 3-dimethyluric acid by its conversion with PCI 5 into chlorotheophyllinef 
m.p. 300° (decomp.) ; hydriodic acid reduces this to theophylline (E. Fischer ^ 
Ber. 30 , 653). A shorter synthesis is from cyanoacetyldimethylurea, CN-CHg*- 
C 0 N(CH 3 )C 0 NH-CH 3 , in which, following diagram 3 of the uric acid synthesis 
(p. 640), this body is converted into : 1 : 3-dimethyl-4 ; 5-diammouracil, of 

which the formyl-compound ( 2 ) is converted into theophylline when warmed 
with alkalis (Ber. 33 , 3062 : C. 1903, I. 370). 

CHjN— CO CH3N— CO CHjN-rCO 

II II II 

OO-C— NH. (1) OC C— NH. (2) OC CNHCHO 

I II >CC 1 ^ I II \CH I II 

CH3N— C W CHjN— C CH3N— CNH* 


Caffeine, theine, 1:3; 1-irimelhylxanihine, CgHjoN^Og, m.p. 239°, occurs in 
the leaves and beans of the coffee tree (0*5 per cent.), in tea (2-4 per cent.), 
in Paraguay tea (from Ilex paraguayenais)^ in guarana (about 5 per cent.), the 
roasted pulp of the fruit of Paullinia sorbilis, and in kola nuts (3 per cent.). 
It is also found in minute quantities in cocoa. It is used in medicine as a nerve 
stimulant and diuretic. 

Caffeine crystallizes with one molecule of water. It has a feeble bitter taste, 
and forms salts with the strong mineral acids, which are readily decomposed by 
water. On evaporating a solution of chlorine water containing traces of caffeine 
there remains a reddish-brown spot, which acquires a beautiful violet-red colour 
when dissolved in ammonia. Sarcosine, NHMe-CHg-COOH, is obtained by 
warming caffeine with baryta water. On electrolytic reduction, desoxycaffeine 
(p. 642) is produced. 

By the action of sodium hydroxide, caffeidinecarboxylic acid, C 7 HiiN 40 -C 00 H, 
is produced, which readily breaks down into caffeidine, C 7 Hi 2 N 40 , and carbon 
dioxide (Ber. 16 , 2309). Further derivatives of caffeine, apocaffeine, caff uric 
acid and caffoline (1:3; 6 -trimethylallantoin) are discussed in Ber. 44 , 282. 

Chlorine water breaks caffeine up into dimethylalloxan and me thy lure a 
(p. 633). Chlorine and bromine convert caffeine into chlorocaffeine, m.p. 180°, 
and bromocaffeins, m.p. 206°. Zinc dust reduces both of them to caffeine ; 
ammonia and bromocaffeine produce aminocaffeinef which behaves like an aro- 
matic amine (Vol. II) in so far that it yields diazocaffeine with nitrous acid, 
which can be coupled to form caffeine diazo- bodies (C. 1900, I. 407). Sodium 
methoxide converts chlorocaffeine into methoxy caffeine y m.p. 174°, which when 
heated to 200° is converted into tetramethyluric acid (Ber. 35 , 1991). The 



TRICARBOXYLIC ACIDS 


646 


latter is decomposed by hydrochloric acid ipto chloromethane and hydroxy caffeine, 
m.p. 346°. This is identical with 1:3: 7-trimethyluric acid. PCI 5 converts 
hydroxycaffeine into chlorocaffeine. Proceeding from dime thy lalloxan, 1:3:7- 
trimethyluric acid may be synthetically made (p. 637), and from this caffeine 
through chloro-caffeine. Furthermore, the lower homologues of caffeine — 
theobromine and theophylline — can be synthesized, and by introducing methyl 
into them caffeine will result. This, then, is an additional synthesis of caffeine 
{E. Fischer, Ber. 30, 549). 

Finally, caffeine can be produced from the already synthesized 1 : 3 -dimethyI- 
4 : 6 -diaminouracil (see above, theophylline) by preparing the formyl-compound, 
methylating it (below) and heating the product (Ber. 33, 3054) ; 


CH3N— CO 

CO . 

I II ^ 

CH,N— c— isr 

Chlorocaffeine, from 
1:3: 7-Trlmethyluric acid. 


( 1 ) 


CH3N— CO 

I I 

^ CO c 


^^CH 


( 2 ) 


CHgN— C— N- 

Caffeine. 




CH.N— C 

I I cH 

- CO ^n<ch^ 

CHsCN-C— NH, 

Formyl -4 : S-dlamino- 
1:3: 7-trimethyliiracil. 


Just as caffeine can bo built up by exhaustive methylation of xanthine and 
the lower methylxanthines, so these bodies are obtained by the breaking down 
of caffeine. Chlorocaffeine (see above) treated with chlorine and POClj at low 
temperatures gives a product in which the 7-methyl group is chlorinated, whilst 
at higher temperatures the 3 -methyl group is attacked ; if excess of chlorine be 
employed a tetrachlorocaffoine results, in which all tliroo methyl groups are 
chlorinated. When boiled with water, these methyl groups are lost in the form 
of formaldehyde, and by reduction hydrogen may be exchanged for the chlorine 
in the 8 -position (Ber. 39, 423) : 


CHsN—CO 

I I 

CO C— 

I il 

CHsN— C— 

8-Chlorocaffplne. 


ClCHoN— CO 


> CO 

I II 

OlCHjN— C— 

Totrachlorocaffcino. 


NH— CO H 

I I 

— ^ CO C*NH\ Xanthine. 



8-Chloroxanthlne. 


S-Alkylxanthines are obtained from the corresponding uric acids by heating 
them with carboxylic anhydrides (C. 1901, II. 71). 


NH-CO-C-NH\ (CH,C 0,)0 NHCOC-NH\ 

I II >CO ► i II >CCH, 

CONH-C-NH/ CONHC-N— ^ 

Uric acid. 8-Methylxanthine. 

The methyl group in these substances is easily chlorinated : 8 -trichloro- 
methylxanthines are obtained and can bo converted into xanthine - 8 -carboxylic 
acids, such as 3 -methylxanthine-S -carboxylic acid, C 5 H 2 N 402 (CH 3 )C 0 aH, caffeine- 
S-carboxylic acid, C 6 H 402 (CIi 3 ) 3 C 02 H, theobromineS-carboxylic acid, C 6 HN 4 O 2 - 
(CH 3 ) 2 C 62 H. The acids lose COg when boiled with water (C. 1904, II. 625). 

Carnine, C 7 H 8 N 4 O + H 2 O, has been found in meat extracts. It is a powder, 
fairly soluble in hot water, which forms a crystalline compound with hydrochloric 
acid. Bromine water or nitric acid produces sarcine. 


18. TRICARBOXYLIC ACIDS 

A. SATURATED TRICARBOXYLIC ACIDS 

(o) Tricarboxylic Acids with Two or Three Carboxyl Groups 
attached to the Same Carbon Atom 

Formation. — (1) By the action on the sodium compounds of malonic esters, 
CHNa(COaR') 2 » alkylmaloiiic esters, R-CNafCOgR'la — of halogen fatty esters 

such as chlorocarbonic ester, chloroacetic ester, a-bromopropionic ester, a-bromo- 
butyric ester, a-bromoiwbutyric ester. The tricarboxylic esters, resulting in 
this way from the unsubstituted malonic ester, still contain a CH, -group the 
hydrogen of which can be replaced with sodium and alkyl iodides. They then 
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yield the same esters which are obtained by starting with the monoalkylmalonic 
esters. 

(2) By the addition of sodium malonic esters to unsaturated carboxylic esters, 
e.g. crotonic ester (Ber. 24 , 2888 : C. 1897, I. 28). 

(3) Also, by the gradual saponification of tetracarboxylic esters, containing 
two carboxyl groups attached to the same carbon atom, which split off carbon 
dioxide and yield tricarboxylic esters (Bor. 16 , 333 ; 23 , 633 : Ann. 214 , 58). 

(4) By heating the appropriate ketone -tricarboxylic esters (Ber. 27, 797), 
when a loss of CO occurs. 

Like malonic acid, these tricarboxylic acids readily break down with the 
elimination of COj, yielding succinic acids, e.g. : 

(CH3)2Cco,h {Cn,)^CC0^1I 

I I 

CH(C03H)2 CHaCO.H 

fitoButane-ooc^-tricarboxylic a».-Diinethylsuccinlc 

acid. acid. 

For the saponification of tricarboxylic esters consult Bor. 29, 1867. 

Methanetricarboxylic acid, CH(C00H)3. Ethyl ester, m.p. 29°, b.p. 253°, 
from sodiomalonic ester and ethyl chloroformate (Bor. 21 , R. 531). Methyl 
ester, m.p. 46°, b.p. 128°/15 mm., 243°/760 mm. (Ann. 397, 355). 

Alkylmethanetricarboxylic esters, CR(COOR)3, see Ann. 397, 358. 

^NCeH, 

Methanetricarboxylic d ipheiiylamidine diethyl ester, (C2H500C)3CH*C<^ , 

\NHCeH, 

m.p. 167°, is formed by the combination of sodium malonic ester and carbo- 
diphenylimide, (Vol. II) (Ber. 32, 3176). 

Cyanomalonic ester, CH(CN)(C02R)2» results from the acdion of cyanogen 
chloride on sodium malonic ester. It volatilizes without decomposition under 
greatly reduced pressure. It has a very acid reaction, and decomposes the 
alkali carbonates, forming salts, like CNa(CN)(CXl2R)2 (Ber. 22 , R. 567 : C. 1901, 
I. 675). 

Cyanojorm, CH(CN)., -f- rilgOH (?), m.p. 214° (decomp.). Sodium cyano- 
form is produced when cyanogen chloride acts on malonitrile and sodium ethoxide 
(Ber. 29, 1171). 

Ethanetricarboxylic ester, carboxy succinic ester, C2H500C‘Cll2*C^H(C00C2H5), 
b.p. 278°, is obtained from ethyl sodiomalonate and the ester of chloroacetic acid. 
Chlorine converts it into the chloro- compound, C2H2C1(C02C2 Hb) 3, b.p. 290°. 
When heated with hydrochloric acid, it yields carbon dioxide, hydrochloric acid, 
alcohol, and fumaric acid ; when hydrolysed with alkalis, carbon dioxide and 
malic acid are the products (Ann. 214, 44). 

Methyl (x eyanosuccinate, (C02CH3)CH2CH(CN)C02CH3, is obtained from 
methyl cyanoacetic ester and chloroacetic ester (Ber. 24 , R. 557). 

dP-Dicyanopropionic ester, NC*CH2CH(CN)C02C2H5, b.p. 169°/20 mm., is pre- 
pared from formaldehyde cyanohydrin and sodium cyanoacetic ester : 

CNCH 2 OH + NaCH(CN)C02R = CNCH2CNa(CN)C02R + H 2 O. 

The cyanohydrins of homologous aldehydes and ketones condense similarly ; 
oiP-dicyanoiBovaleric ester, NC*C(CH3)2CH(CN)C02C2H5, b.p. 150°/22 mm. ; ajS- 
dicyanopelargonic ester, C3HnCH(CN)CH(CN)C02C2H5, b.p. 192°/ 20 mm. (C. 
1906, II. 1562), etc. 

Propane-OLOLp-tricarboxylic acid, CH3'CH(COOH)-CH(COOH2). The free acrid 
(isomeric with tricarballylic acid), m.p. 146°, breaks down into carbon dioxide 
and pyrotartaric acid. Ethyl ester, b.p. 270°. 

Propane-ccpp-tricarboxylic ester, CH3*C(C02Et)2-CH2(C02Et), b.p. 273°. 

Butane-fxoiPdricarboxylic ester, C2H5-CH(C02Et)-CH(C02Et)2, b.p. 278°. 

Butane-cap p-tricarboxylic ester, C2H5-C(C02Et)2’CH2*C02Et, b.p. 281°. 

Butane-cacah-tricarboxylic ester, (C02Et)CH2CH2CH2CH(C02Et)2, b.p. 203°/40 
mm. (C. 1897, II. 542). 

isoButane-cacap-tricarboxylic ester, (C02Et)C(CH3)2-CH(C02Et)2, b.p. 277°. 
(C/. Bor. 23, 648.) 

SB.-Dimethylcyanosuccinic ester, C02Et-CH(CN)-C(CH3)2*C02Et, b.p. 186°, is 
formed from sodium cyanoacetic ester and bromoisobutyric ester (Ber. 27, R. 
506 ; C. 1899, I. 693, 873). 



TRICARBOXYLIC ACIDS 


647 


OL’Cyanoglutaric ester (Ber. 27, R. 506). 

OL-Alkyl-OL-carhoocylglutaric esters (Ann. 292, 209 : C. 1897, I. 28). 
OL-Cyano-^-isopropylglutaric ester, b.p. 195°/30 mm. (C. 1899, I. 115 7). 
p-Methylpropane-CLOLy -tricarboxylic acid, p-mcthylglutaric-oc-carboxylic ester, 
(C02Et)2CHCH(CH3)CH2C02Et, b.p. 165“/11 mm., is formed from sodium malonic 
ester and crotonic ester, and gives, somewhat remarkably, a sodium salt which, 
with iodomothane, yields P-mcthylbu,tane-cc(xy -tricarboxylic ester, (C02Et)2CHCH- 
(CH3)CH(CH3)C02Et, b.p. 167°/10 mm. This substance is isomeric with 
p-methylbutane-oiyy-tricarboxylic ester (C02Et)2C(CH3)CH(CH3)CH2C02Et, b.p. 
161°/10 mm., prepared from sodium mothylmalonic ester and crotonic ester. 
This substance yields a sodium salt which, with iodomethane, gives ajSy-triinethyl- 
propano-aay-tricarboxylic acid (Ber. 33, 37.31). 

P^-Dimethyl-cc-c/zrboxylglutaric ester, see ^/3-dimcthylglutaric acid (p. 5,^9). 
pp-Dimethyl-oi-cyajioglutaric ester (C. 1899, I. 252, 532). 


(6) Tricarboxylic Acids with the Carboxyl Groups attached to 
Three Carbon Atoms 

There are many members of this class which are obtained through loss of 
(X)2 from tetra- and penta- carboxylic acids, which possess one or two pairs of 
COjH-groups attached to the same carbon atom (Bor. 24 , 307, 2889 : 25 , R. 
740: C. 1902, I. 110). 

Tricarballylic acid, CH2(C02H)CH(C02H)CH2(C02H), m.p. 162-164°, 
occurs in unripe beetroot, and is found in the deposit in the vacuum pans during 
the manufacture of beet sugar. It is prepared (1) by reduction of aconitic acid 
(p. 648) (Ann. 314 , 15 : C. 1903, IT. 187), and of citric acid (p. 664) ; (2) syn- 
thetically from glyceryl tribromide, CHgBr-CHBr-CHjBr and KNC, and decom- 
position of the tricyanide with aqueous potassium hydroxide : also from a whole 
series of synthetically prepared bodies by cleavage reactions ; (3) from diallyl- 
acetic acid (p. 354) by oxidation ; (4) from a-acotyltricarballylic ester (p. 667) 
by hydrolysis (Ber. 23 , 3756) ; (5) from propane-aaj3y- and -ajSjSy-tetracarboxylic 
ester ; (6) from cyano tricarballylic ester, the product of combination of sodium 
cyanosuccinic ester and bromoacetic ester (C. 1902, I. 409) ; (7) from propane 
pentacarboxylic ester (p. 678), with loss of CO2 (Ber. 25 , R. 746). It forms 
prisms which are easily soluble in water. 

The silver salt, CgH^OflAgg ; calcium salt, (CeH50Q)2Ca3 4H2O, dissolves with 
difficulty (C. 1902, I. 409); trim, ethyl ester, CgH506(CH3)3, b.p. 150°/13 mm.; 
chloride, 0311.5(0001)3, b.p. 140°/14 mm. (Ber. 22 , 2921) ; anhydride acid, OgHgOs, 
m.p. 131° (Ber. 24 , 2890) ; triamide, 03H6(OONH2)3, m.p. 206° ; amidimide, 
OgHfiOgNa, m.p. 173° (Ber. 24 , 600). Trihydrazidc and triazide, 03H5(0ON3)3 
(J. pr. Ohem. [2] 62 , 235). 

Homologous Tricarballylic Acids ; 

a-Methyl-, two modifications, m.pp. 180° and 134° (c/. Monatsh. 23 , 283); 
^-methyl-, m.p. 164° ; OL-ethyl-, m.p. 147° ; OL-n.-propyl, m.p. 151° ; cn-isopropyl, 
m.p. 161° (Ber. 24 , 288) ; oLOLi-dimethyl-, three modifications (Ber. 29 , 616) ; aa- 
dimethyltricarballylic acid, three modifications, m.pp. 143°, 174°, and 206° 
(0. 1899, I. 826 ; 1900, II. 316 ; 1902, I. 409). Those acids are prepared from 
the corresponding cyanotricarballylic acids (the condensation products of sodium 
cyanosuccinic esters and a-bromo -fatty acid esters), or from sodium cyanoacetic 
esters and alkylbro mo succinic esters. Trimethyl bromosuccinic ester, however, 
after reaction with sodium cyanoacetic ester, hydrolysis and cleavage of the 
product of condensation, does not yield the expected trimethyl tricarballylic 
acid, but 8-methylpentane-OLyh-tricarboxylic acid, (CH3)2C(COOH)CH(COOH)CHa- 
CH2COOH (C. 1902, I. 409). 

OLOLP-Trimethyltricarballylic acid, camphoronic acid, (CH3)2C(COaH)C(CH3)- 
(C02H)'CH2C02H, m.p. 135°, is formed when camphor is oxidized. It is of 
fundamental importance in the determination of the constitution of camphor 
(Vol. II). 

OL^B-Butanetricarboxylic acid, m.p. 119° (C. 1902, II. 732). 

OLyh-Pentanetricarboxylic acid, hcemotricarboxylic acid, two modifications, m.pp. 
141° and 175°, is formed by the acid reduction of hscraatinic acid (p. 750) (Arm. 
345 , 2). 
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aLy€'Pe/titanetricarboopylic acid, m.p. 107° (Ber. 24 , 284). Butane- ^h-dicarboxylic- 
y-accHcacid, CH3CH(COOH)CH(CH2COOH)2 (Monatsh. 21 , 879). M ethane •a.-tri- 
propionic ester, CH[CH(CH3)C02R]3, m.p. 201°, is prepared from orthoformic 
ester, a-bromopropionic ester and zinc (C. 1906, I. 338). 

B. OLEFINE TRICARBOXYLIC ACIDS 

Aconitic acid, CH 2 (COOH) C(COOH) : CH(COOH), m.p. 191", 
with decomposition into CO 2 and itaconic anhydride (p. 571). It is 
isomeric with trimethylene tricarboxyhc acid (q.v.), and occurs in 
different plants ; for example, in Aconitum napellus, in Equisetum 
fluviatile, in sugar cane, and in beetroots. It is obtained by heating 
rapidly citric acid alone or with concentrated hydrochloric or sulphuric 
acid (Ber. 20 , R. 254 ; Ann. 314 , 15). 

Aconitic acid has been synthetically prepared by the decomposition 
of oxalocitric lactone ester (q.v.) with alkali ; by the decomposition 
of the addition product of sodium malonic ester and acetylenedi- 
carboxylic ester (J. pr. Chem. [2] 49 , 20) ; also from cyanoaconitic 
acid, the product of reaction of cyanoacetic ester, oxaloacetic ester 
and sodium ethoxide (C. 1906, II. 20). It is readily soluble in water, 
and is reduced by nascent hydrogen to tricarballylic acid. 

The calcium salt, (C3H80e)2Ca3 -f BHjO, dissolves with difficulty ; trimethyl 
ester, C6H306(CH3)3, b.p. 161°/14 rnm., results from the distillation of acetylcitric- 
trimethyl ester (Ber. 18 , 1954), and from aconitic acid, methyl alcohol, and 
hydrochloric acid (Ber. 21 , 669). 

as. -Aconitic anhydride acid, CeH405 (constitutional formula, see below), m.p. 
76°, is formed when aconitic acid is heated in vacuo ih 140°, and when it is 
treated with acetyl chloride. WTien distilled in vacuo it decomposes into CO3 
and itaconic anhydride (Ber. 37 , 3967). a&.-Aconitimide acid, CeH404(NH) (con- 
stitutional formula, see below), m.p. 191°, is formed from acyl citrimide esters 
and alkalis (p. 666) ; also from jS-anilinotricarballylimide esters and dilute hydro- 
chloric ax^id (Bor. 23 , 3185, 3193). The aconitic esters and ammonia yield the 
amide of sym. -aconitimide acid, citrazinic acid (formula, see below) (Vol. II), 
which results also from the amide of citric acid and mineral acids (Ber. 22 , 
1078, 3054 : 23 , 831 : 27 , 3456) : 

< 0 O . NH xCH — COv 

1 HO2OCH : C< I H02C-C<f >NH 

H2— CO \CH2CO \CH2— CO/ 

Oo. -Aconitic anhydride acid. a«.-Aconitimide acid. Citrazinic acid. 

a-(or y)-Methylaco7iitic acid, H02C-C(CH8) : C(C02H)CH2C02H or HO^C-CH-- 
CH2C*(C02H) : CHCO2H, m.p. 159°, is prepared from methylcyanoaconitic ester 
(p. 670). It reacts with acetyl chloride to form an anhydride acid, m.p. 51°, which 
when heated to 159° decomposes into j8-methylitaconic anhydride and COj. 
ay-Dimethylaconitic acid, m.p. 164° ; the anhydride-acid, m.p. 74°, is formed 
from cyano-ay-dimethyl-aconitic ester (C. 1906, II. 21). 

iaoAconitic ethyl ester, (C2H600C)2CHCH : CHCOOCaHs, is formed when 
dicarboxyglutaconic ester is incompletely hydrolysed. It is converted by 
piperidine into a bimolecular polymer which yields a bimeric glutaconic acid 
m.p. 207° (p. 576) on hydrolysis with hydrochloric acid (Ber. 34, 677). 

Aceconitic acid and citracetic acid, C^HeOg, are two acids of unknown con- 
stitution, isomeric with aconitic acid. They are obtained by the action of sodium 
on bromoacetic ester (Ann. 135 , 306 : c/. Bor. 27 , 3457). 

ayh-Butenetricarboxylic acid, H00C*CH2CH(C02H)CH : CHCO2H, m.p. 148° 
(C. 1902, II. 732). 

-Pentene-oLyh-tricarboxylic acid, H02C*CH2CH2C(C02H) : CH-COgH, is un- 
known in the free state. Its anhydride- and imide-acid are identical with the 
haematinic acids, obtained from heematin (q-v,) by the ordinary action of chromic 
aeid. The acids decompose on dry distillation into CO, and methylethylmaleic 
anhydride and imide, respectively (p. 574) (Ann. 345, 1). 



VI. TETRAHYDRIC ALCOHOLS AND THEIR 
OXIDATION PRODUCTS 


Tlieoretically, ihero aro 15 classes of tetrahydric alcohols, a figure which is 
obtained by the combination of the individuals — CHjOH, =CHOH, =COH, 

T X ^1 1 mirn l)(m + 2)(m + 3) , , „ 

accordmg to the formula, — ^ ^ etc., where m = 3. The 

number of possible classes of oxidation products can be calculated by combining 
the six individuals — CH 2 OH, =CHOH, =COH, — CHO, =CO, — CO^H, sub- 
stituting m = 6 in the above equation and subtracting the number 15 of the 
tetrahydric alcohols. Thus, it is found that there are 111 classes (126 — 15) of 
oxidation products theoretically possible. If the difference between the various 
primary, secondary and tertiary alcohol groups is neglected and, for example, 
all trihydroxycarboxylic acids are grouped as one class, this number of theoretical 
classes of oxidation products is reduced to 34. Of these, representatives of some 
15 classes are known. 


1. TETRAHYDRIC ALCOHOLS 


The best-known tetrahydric alcohol is ordinary t-erythritol, which, 
like me^otartaric acid (p. 658), is optically inactive by internal com- 
pensation. This alcohol and rfZ-erythritol were synthesized from 
butadiene in 1893 by Griner. 

Butadiene (p. 116) forms an unstable dibromide, which becomes 
rearranged at 100° into two different stable dibromides. When these 
are oxidized by potassium permanganate, the one passes into the 
dibromohydrin (m.p. 135°) of ordinary or i-erythritol, whilst the other 
becomes the dibromohydrin (m.p. 83°) of dZ-erythritol. Potassium 
hydroxide converts these two dibromohydrins into two butadiene 
oxides, which, with water, yield respectively i- and d^-erythritol 
(Ber. 26 , R. 932 : Ann 308 , 333) : 


CH-CHa-' 

CH^CHn" 


HCCHaBr 

II 

HCCHaBr 
‘ HC-CHoBr 


(HO)HC-CH2Br (HO)HCCH2(OH) 

I ^ I 

(HO)HC-CH2Br (HO)HC-CH2(OH) 

m.p. 135° i-Erythritol. 

(HO)HCCHjBr (HO)HC-CHj(OH) 

I ► I 

CHjBrCH(OH) CHj(OH)CH(OH) 
m.p. 83° (/i-Erythrltol. 


i-Erythritol, erythroglucin, phycitol, CH 2 (OH)*CH(OH*)CH(OH)*- 
CHa'OH, m.p. 126°, b.p. 330°, occurs free in the alga Protococcus 
vulgaris. It exists as erythrin (orseUinate of erythritol) in many lichens 
and some algae, especially in Boccella Montagnei, and is obtained from 
these by hydrolysis with sodium hydroxide or calcium hydroxide. 

+ 2H.0 = C.H,(OH). + 2C,H,0,. 

Erythrin. Erythritol. Orsellinic acid. 
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i-Erythritol is also formed by the reduction of t-erythrose (Ber. 32, 
3677). 

Like all polyhydric alcohols erythritol possesses a sweet taste. 
By carefully oxidizing erythritol with dilute nitric acid erythrose 
results. More intense oxidation produces erythritic acid and meso- 
tartaric acid (p. 658). 

i-Erythritol tetranitrate, C4He(0N02)4, m.p. 61°, explodes violently when struck. 
It is used medicinally in small doses to reduce high blood pressure. i-Erythritol 
tetraacetate, m.p. 85°. 

i-Erythritol dichlorohydrin, C4H4(OH)2Cl2, m.p. 125°, is formed from ery- 
thritol by the action of concentrated hydrochloric acid. i-Erythritol ether, 
/ 0 \ 

CH2*CH CH CH2, b.p. 138°, = 1-113, is formed when potassium hydroxide 

acts on the dichlorohydrin. It is a liquid with a penetrating odour, and behaves 
like ethylene oxide (p. 367). It combines slowly with water, yielding erythritol, 
with 2HC1 to the dichlorohydrin, and with 2HNC to the nitrile of dihydroxyadipic 
acid (Ber. 17 , 1091). 

Cotuienmtion Products. — -Erythritol condenses with formaldehyde, benzalde- 
hyde and acetone under the action of hydrochloric acid yielding i-erythritol 
diformal, C4H404(CH2)2* m.p. 96° (Ann. 289, 27) ; i-erythritol dibenzal, m.p. 97° ; 
and i-erythritol diacetone, €411404(03114)2, m.p. 56°, b.p. 105°/29 mm. (Ber. 28, 
2531). 

d-Erythritol, m.p. 88°, [a]n = — 4-4°, is obtained by the reduction of ery- 
thrulose (C. 1900, II, 31). i-Erythrltol, [ajo = + 4*3°, is similarly obtained 
from Z-threoso (C. 1901, II. 179). 

dZ- Erythritol, m.p. 72°, is obtained by the combination of the d- and Z- 
compounds. It is identical with the substance obtained from divinyl (p. 116). 

d\-Erythritol ether (Ber. 26 , R. 932). Tetraacetyl-d\-erythritol, m.p. 53°. 

Nitro-ZerZ.-butylglycerol, N02C(CH20n)3, m.p. 158°, is formed from nitro- 
rnethane, formaldehyde, and potassium hydrogen carbonate (Ber. 28, R. 774). 
Reduction converts it into hydroxylamim-tQrt.-butylglycerol, H0HN-C(CH20H)8, 
m.p, 140° (Bor. 30 , 3161), which by the action of mercuric oxide is converted 
into the oxime of dihydro xyacetone (p. 590). 

Pentaerythritol, C(CH20H)4, m.p. 250-255°, is obtained by condensing 
formaldehyde and acetaldehyde by means of lime (Compt. rend. 133 , 590 : see 
also vinylc^/cZopropane, Vol. II). Tetraacetate, m.p. 84° (Ann. 276 , 58). Di- 
sulphite, m.p. 153° (Ber. 61 , 118). Tetraethyl ether, b.p. 220° (C. 1897, II. 694). 
The mono- and di-Jorynaldchyde condensation products, m.p. 60° and 50° (Ber. 
61 , 55), the mono- and diacetone compounds, m.p. 135° and 117° (Ber. 61 , 116), 
and the dibenzylidine compound, m.p. 160° (Arm. 289 , 21), are obtained from 
the appropriate aldehyde or ketone and pentaerythritol in presence of hydrochloric 
acid or anhydrous copper sulphate. 

According to recent investigations (Z. anorg. Chem. 172 , 121) the central 
atom in pentaerythritol, contrary to previous views (Ber. 59 , 1526), possesses 
a tetrahedral configuration, in agreement with van ’t Hoff’s representation. 

Two hexaerythritols have been prepared by oxidizing diallyl, 

CHa — CH2 — CH^CHa (p. 1 17). Oxidation of hexadiene dibromide, CHaCHBrCH:- 
CHCHBrCHg, produces a dibromo-di -hydroxy hexane which, when warmed with 

I I I 

aqueous sodium hydroxide, yields hexadiene dioxide, 0-CH(CH3)CH-CH-CH- 
(CH,)-!), b.p. 177° (Ber. 35, 1341). 


2. TRIHYDROXYALDEHYDES and 
3. TRIHYDROXYKETONES 

Erythrose, tetrose, is probably a mixture of a trihydroxyaldehyde and a 
tri hydroxy ketone (c/. Glycerose, p. 589 : Ber. 35 , 2627). It is produced when 
erythritol is oxidized with dilute nitric acid. It yields phenylerythroaazone. 
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^4Hg02(N2HC(,H5)2, m.p. 167° (Ber. 20, 1090). This probably is also produced 
from the condensation product of glycolyl aldehyde (p. 389) (Ber. 25, 2553 : 
35, 2630). 


CHO 


CHO 


HOCH 

I 

HOCH 

I 

CH2OH 

Z-Erythroso 

(I) 


HCOH 

I 

HOCH 

I 

CH2OH 

Z-Threose 

(ID 


d-Erythrose (Imvo-rotatory) is formed when d-arabonic acid is oxidized with 
liydrogen i>eroxide (Ber. 32, 3674). Z-Erythrose [(I) above] {dextrorotatory) 
results from the oxidation of Z-arabonic acid, or by the decomposition of 
Z-arabinose oxime through the nitrile, by loss of hydrocyanic acid (Ber. 32,3666 ; 
34, 1365) (c/. also the decomposition of d-dextrose, p. 673). Similarly, by 
oxidation, or by the hydrocyanic acid reaction, Z-xylose yields Z-threose [(II) 
above] stereoisomoric with erythroso. Z-Erythritose and Z-threose yield the same 
osazone (Ber. 34, 1370). 

Erythrulose is obtained from erythritol by means of the Sorbose bacterium. 
It yields d-erythritol on reduction, and is probably a ketoso. Methyltetrose, 
CH3[CH0H]3CH0, is obtained from rhamnose oxime and acetic anhydride, and 
also from rhamnonic acid and hydrogen peroxide. Osazone^ m.p. 173°. Benzyl- 
pheuylhydrazojie, m.p. 97°, when oxidized with nitric acid, yields d-tartaric acid ; 
bromine water produces rnethyltetronic acid (Ber. 29, 138 : 35, 2360). 

Thyminose, CH20H [CH0H]2*CH2-CH0, is a desoxyribose occurring in 
animal nucleic acids. (J. Biol. Chem. 83, 793, 803 : 85, 785.) 


4. DIHYDROXYDIALDEHYDES 

Mesotartaric aldehyde, CHO CHOH CHOH CHO, is obtained as a colourless 
powder by the action of dilute sulphuric acid on its acetal. The acetal is prepared 
by the oxidation of malem aldehyde diacetal, the reduction produ(;t of acetylene- 
dialdehyde diacetal, with permanganate (Bor. 45, 322). 

\-Tartaric aldehyde is obtained from the diamide of saccharic acid, bromine and 
alkali (p. 717). 


5. HYDROXYTRIKETONES 

y-MeZ/i2/Z/^epZaa.y-oZ-)8e^Zr^enc,CH3•CO•CMe(OH)•CH2•CO•CO•CH3,b.p.l28°/18 
mm., is the aldol of diacetyl (p. 402). 

6. TETRAKETONES 

Tetraacetylethane, (CH3CO).2CH — CH(COCH3)2, is obtained from sodium 
acetylacetone by means of iodine or by electrolysis (p. 403). 

Octane- pSerj-tetraone, oxalyld iacetonc, CH3COCH2-COCO-CH2COCH8, m.p. 121°, 
and oxalyldimethylethyl ketone, decane-yeC^-tetrao7ie, CgH gCOCHa’COCO-CHg- 
COC2H5, m.p, 76°, are formed from oxalic ester, acetone or methylethyl ketone 
and sodium ethoxide. They consist of yellow crystals, which remain yellow on 
fusion and form yellow solutions. Oxalyl diacetone give a dipyrazole derivative 
with phenylhydrazine (Ann. 278, 294). 

Methenylbiaacetylacetone, (CH3CO)2CH'CH^C(COCH3)2 is obtained from 
ethoxymethyleneacetylacetono (p. 592) by the addition of acetylacetone. 

7. TRIHYDROXYMONOCARBOXYLIC ACIDS 

Trlhydroxy butyric acid, ra.c.-erythronic acid, erythroglucic acid, CHgOH- 
[CHOHI2CO.2H, is obtained by the oxidation of erythrytol (Ber. 19, 468). It 
is a crystalline deliquescent mass. 

d-Erythronic acid (Isevorotetory) is formed by the oxidation of d-erythritose 
with bromine ; from d-fructose with HgO ; and from dextrosone (p. 686) with 
bromine (C. 1902, I. 869 : II. 109). d-Erythronic lactone, m.p. 103°. 
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\-Erythronic acid (dextrorotatory) is prepared from /-erythrose and bromine 
water. \-Erythronic lactone^ m.p. 104° (Ber. 34, 1362). 

vdQ.-Erythronic lactone ^ m.p. 91°, is obtained from y-hydroxycrotonic lactone 
(p. 453), and permanganate. The y-ethyl ether of erythronic acid, CgHgO-CHgCH- 
OH CHOH COgH, m.p. 91°, is similarly obtained from y-ethoxycrotonic acid 
(C. 1905, I. 1138 : II. 457). 

Trihydroxy f^obutyric acid, (CH20H)2*C(0H)C02H, m.p. 116°, is obtained 
from glycerose and HNC (Ber. 22, 106). 

ajSy-Trihydroxyvalerlc acid, ot^-dihydroxy-y-vale.rolactone, CHaCHCH(OH)- 

1 

CH(OH)COO, m.p. 100°, is formed by oxidation of a-angolic acid lactone (p. 453) 
by permanganate (Ann. 319, 194). This dihydroxyvalerolactone must be looked 
on as being the racemic form of the methyltetronic acid lactone^ m.p. 121°, [a]© = 
— 47*5°, obtained by oxidation of methyltetrose (p. 651) by bromine water. 
a^y-Trihydroxy valeric acid is specially characterized by its 'phenylhydrazide, 
m.p. 169°, and its brucine salt (Ber. 35, 2366). 

ayS-Trihydroxyvaleric acid ; the ah-oxide of this acid, the 4:~hydroxytetra- 

I I 

hydroJuran-2 -carboxylic acid, OCH2*CH(OH)CH2CHCOOH, m.p. 110°, is formed 
from the corresponding malonic acid derivative when it is heated with water 
(Ber. 37, 4544). 

The corresponding aS-imide — A-hydroxypyrrolidine-^-carboxylic acid, )5-hy- 

1 

droxyproline, HNCH,CH(OH)CH,CHCO,H, a-form, m.p. 261° (decomp.), 
)3*form 250° (decomp.), is formed from aS-bromo-chloro-y-valerolactone, CICH2' 

i I 

CH-CHg-CHBr COO. The a-form yields a slightly soluble copper salt. This 
acid, like the aS-oxide, is prepared from synthetic 8-chlorovalerolactonecarboxylic 
ester (see p. 653) by the action of ammonia. Two inactive forms are produced, 
one of which can be resolved by the aid of quinine with the formation of the 
natural hydroxy proline t m.p. 270° (decomp.) [a]^, — 8T04°, which is also pre- 
pared by the hydrolysis of gelatin (Ber. 35, 2660). 

Both compounds possess a sweet taste, are reduced by hydriodic acid and 
phosphorus to proline (p. 598), and are very stable towards hydrolytic agents 
(Ber. 41, 1726). 

8. DIHYDROXYKETOMONOCARBOXYLIC ACIDS 

Oiy- Diethoxy -acetoacetic estcj, 02H50*CH2C0‘CH(0C2H5)*C02C2H5, b.p. 132°/14 
mm., is prepared from ethoxy chloroacetoacetic ester (p. 600) and sodium ethoxide 
(Ann. 269. 28). 

9. HYDROXYDIKETOCARBOXYLIC ACIDS 

Acetylacetone chloral, CCl,-CH(OH)CH2CO*CH2COCH3, m.p. 78°, is a deriva- 
tive of a-hydroxy-yc-diketoheptoic acid. It is prepared from chloral and acetyl- 
acetone (C. 1898, II. 704). 

10. TRIKETOMONOCARBOXYLIC ACIDS 

The p-phenylhydrazone of CL^y-triketo-n. -valeric acid, m.p. 206°, is prepared 
from sodium acetoneoxalic acid and diazobenzene chloride (Ann. 278, 285). 

Diacetylpyroracemic acid, (CH3C0)2CHC0C02H, provides a derivative ryano- 
iminomethylacetylacetone (CH3CO)2CH*C(NH)CN, which is prepared from acetyl- 
acetone, cyanogen and a little sodium ethoxide. Aqueous sodium hydroxide 
decomposes it into sodium cyanide and cyanoacetylacetone (p. 603). It combines 
with a further quantity of acetylacetone to form dicyanodiacetylacetone and 
similarly with acetoacetic ester and malonic ester (Ann. 332, 146). 

Derivatives of pyruvylpyruvic acid, CHgCOCO'CHgCOCOOH, are formed from 
pyroracemic ester and aromatic amines, e.g., CH8C(NC<}H5)C0CH2CXNC3H5)C02- 
CjHg, which is decomposed by sulphuric acid into CH3C(NC3H6)COCH2COC02- 
CgHg, m.p. 140° (C. 1902, I. 1320). Homopyruvylpyruvic acid, ay8-triketoheptoic 
acid, provides derivatives such as the methoxime ester, C2H3C(NO*CH8)COCH8- 
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COCOjR ; methyl eatery m.p. 80® ; ethyl eater, m.p. 41°, which are prepared from 
the methoxime of acetylpropionyl (pp. 402, 407), oxalic ester, and sodium 
ethoxide (Ber. 38, 1917). 

OLy-Diacetylacetoacetic acid, CH3C0CH2C0CH(C0CHa)C02H. The lactone of 
the h-aci- or -enol-form of this hypothetical acid, dehydracetic acid, Q-methyl- 
CO— O— CCHa 

3-aceto-pyronone, | || , m.p. 108°, b.p. 269°, is formed by 

CH3CO CH CO -CH 

boiling acetoacetic ester under a reflux condenser ; from dehydracetocarboxylic 
acid (Ann. 273, 186) by evaporation with ^ueous sodium hydroxide ; from acetyl 
chloride and pyridine ; and from triacetic acid (p. 603) by heating with acetic 
anhydride and sulphuric acid (C. 1900, II. 625). It is isomeric with i^odehydra- 
cetic acid (p. 626). The constitution of dehydracetic acid has been demon- 
strated by Feiat (Ann. 257, 261 : Ber. 27, R. 417). Hydriodic acid produces 


dimethylpyrone, CHa-C : CH-CO-CH ‘.C-CHa {q.v.). 


11. DIHYDROXYDICARBOXYLIC ACIDS 
(i) SATURATED DIHYDROXYDICARBOXYLIC ACIDS 
A. Malonic Acid Derivatives 

yh- Dihydroxy propylmalonic acid, CH2(OH)CH(OH)CH2CH(COaH)2 ; lactone 




eater , h-hydroxy-y-valerolactone-cn-carboxylic eater, CH2(0H)-CHCH2CH{C02C2H5)- 

COO, a syrup, is formed from 8-chloro-y-valerolactone carboxylic ester, the 
product of condensation of epichlorohydrin (p. 587) and malonic ester. The 
lactone ester and alcoholic ammonia form yh-dihydroocyprojyyhnalonamide, m.p. 
140° (Ber. 35, 197 : cf. also Ber. 38, 1939). Hydrolysis of the chlorovalero- 
lactone ester causes loss of CO 2 and production of chloro-y-valerolactone, together 

with the dilactone, OCHaCH’CHa'CH'CO, m.p. 180° ; bromine produces a-bromo- 

CO 

S-chloro-y-valerolactone ester (Ber. 40, 301). 

CHaCHa-CHaV /CH2CH2CH2 
Di-cD-hydroxyprojyylmalonic acid dUacto'ne, | 

“O/ \co- 


O- 


-CO/ 


-O 


m.p. 106°, is formed from diallylmalonic acid (p. 577), and hydrobromic acid 
(Ann. 216, 67). 


B. Succinic Acid Derivatives 

Tartaric Acids, Dihydroxysuccinic Acids. — Tartaric acid is known 
in four modifications ; all possess the same structure and can be 
converted into one another. They are : (1) Ordinary or dextro- 

tartaric acid. (2) Lcevo-t&TtsiTic acid. These two are istinguished 
from each other by their equally great but opposite molecular rota- 
tory power. (3) Racemic acid, paratartaric acid, or c^Z-tartaric acid. 
This is optically inactive, but can be resolved into dextro- and 
Isevo-tartaric acids, from which it can again be reproduced by their 
union. (4) mesoTartaric acid, antitartaric acid, Z-tartaric acid, is 
optically inactive and cannot be split into other forms. The isomerism 
of these four acids was exhaustively considered in the introduction. 
According to the theory of van ’t Hoff and Le Bel, it is attributable 
to the presence of two asymmetric carbon atoms in the dihydroxy- 
succinic acids. A compound containing one asymmetric carbon atom 
may occur in three modifications — a dextro-form, a Iflevo-form, and, 
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by union of these two, an inactive, resolvable rfZ- modification. If 
the same atoms or atomic groups are joined to two asymmetric car- 
l>on atoms, — that is, if the compound be syininetricallv constructtvl 
like dihydrox^miccinic acid, -then in addiUon to tli(‘‘ three modifi- 
cations capable of forming a com]K)und with one asymmetric carbon 
atom there arises a fourth possibility. Should the groups linked to 
the one asMumetric* carbon atom (vieu(‘d from the point of union 
of the two asymmetric carbon atoms) show an opposite arrangement 
from that of the groups attached to the second asymmetric carbon 
atom, then an inactive body will result by virtue of internal compen- 
sation. The action on polarized light occasioned by the one asymmetric 
carbon atom is equalized by an equally great but oppositely directed 
influence exerted by the second asymmetric carbon atom. (See also 
Ber. 35 , 4344.) 

Therefore, the four symmetrical dihydroxy succinic acids can be 
represented by the following formulae, which represent the projection 
of the spacial formulae on the plane of the paper. 

CO..H COoH COgH 

I “ I “ I 

H— ♦(>- OH HO— ♦C—H H— *C— OH 

I I I 

HO— ♦C—H H— *0— OH H— *C— OH 

I I 1 

CO 2 H CO 2 H CO 2 H 

(1) f/^x<roTartarlo aoid. (2) /(proTartaric acid. (3) ?w«ifoTartaric acid. 

(/-Tartaric acid + /-tartaric acid = (4) Eacemic acid. 

The configuration of d-tartaric acid, as represented above, follows 
in consequence of the formation of this acid from the oxidation of 
methyltetrose, the decomposition product of rhamnose (p. 675). 

The heat of combustion of the ester of mccsotartaric acid is 2*6 Cal. 
greater than that of racemic ester (C. 1919, III. 778) : this difference 
between the m^so- and racemic forms appears to a general phenomenon 
(C. 1926, II. 2537). 

Hifitorical. — iSchede in 17()9 showed how this acid could be isolated from argol. 
Kestner in 1822 discovered racemic acid as a by-product in the manufacture of 
ordinary tartaric acid, and in 1826 Oay-Lussac investigated the two acids. He 
and later Berzelius (1830) proved that ordinary tartaric acid and racemic acid 
possessed the same composition, and this fact led Berzelius to introduce the term 
isomerism into chemical science (p. 34). Biot (1838) showed that a solution of 
ordinary tartaric acid rotated the plane of polarized light to the right, whereas the 
solution of racemic acid proved to be optically inactive, and was without action 
upon the polarized ray. Pasteur's classic investigations (1848-1853) demon- 
strated that racemic acid could be resolved into dextro- and Zocw-tartaric acid, 
and be again re-formed from them. In addition to Za^w-tartaric acid, Pasteur 
also discovered inactive or mesotartaric acid, which cannot bo resolved. Kekule 
in 1861 and, independently of him, Perkin, Sr., and Duppa synthesized racemic 
acid and mesotartaric acid from succinic acid, derived from amber, through the 
ordinary dibromosuccinic acid. In 1873 Jungfleisch obtained racemic acid and 
77i€«otartaric acid from synthetic succinic acid, and also the other two tartaric 
acids derivable from racemic acid. Van Hoff in 1874 and, independently of 
him, Le Bel referred the isomerism of the four tartaric acids to the presence of 
two asymmetric carbon atoms in symmetrical dihydroxysuccinic acid. In 1880 
and 1881 KekuU and Anschutz found that racemic acid was obtained from fumaric 
acid and mesotartaric acid from maleic acid, by oxidation with permanganate. 
This reaction directly linked the isomerism of the tartaric acids to the isomerism 
of the two unsaturated acids — fumaric acid and maleic acid. 
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( 1 ) Racemic acid, paratartaric acid, C 4 H 6 O 6 + HgO, m.p. 206® 
(decomp.) (anhydrous), is sometimes found in conjunction with tar- 
taric acid in the juice of the grape, and is formed in the preparation 
of ordinary tartaric acid, when the solution is evaporated over a 
flame, especially in the presence of alumina. 

Racemic acid appears (1) in the oxidation of mannitol, dulcitol 
and mucic acid with nitric acid, as well as when fumaric acid (Ber. 
13, 2150), sorbic acid, and piperic acid are oxidized by potassium 
permanganate (Ber. 23, 2772). It is synthetically obtained (2) from 
glyoxal by means of hydrocyanic and hydrochloric acids (together 
with TTie^otartaric acid, Ber. 27, R. 749), and (3) from i^odibromo- and 
(together with me^otartaric acid) from dibromosuccinic acid, by the 
action of silver oxide (p. 556) ; (4) together with gly collie acid 

(c/. the pinacone formation, p. 360), when glyoxylic acid is reduced 
with acetic acid and zinc ; (5) by heating desoxalic acid, COOH-- 
CH0H-C(0H)(C00H)2 (p. 678), with water to 100°, when carbon 
dioxide is split off. 

Ethyl alcohol, which can be synthesized in various ways, consti- 
tutes the parent substance for the first four syntheses. In the fifth 
synthesis carbon monoxide serves for that purpose. 


Synthesis of Racemic Acid 
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CO > HCO^Na > 1 1 I 1 ' 

CO^Na COAHg CHOH CHOH 

I I 

CO 2 C 2 H 5 CO 2 H 

Carbon Sodium Sodium Desoxalic acid, 

monoxide. formate. oxalate. 


Racemic acid is also produced when equal quantities of concentrated solutions 
of d- and Z-tartaric acids are mixed (Ber. 25, 1506), and together with mc.^otar- 
taric acid when ordinary tartaric acid is heated with water to 175°. 


Properties . — Racemic acid crystallizes in rhombic prisms which 
slowly effloresce in dry air. It is less soluble (1 part in 5*8 parts at 
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15°) in water than the tartaric acid, and has no effect on polarized 
light. Potassium permanganate oxidizes it to oxalic acid, and hydri- 
odic acid reduces it to inactive malic and succinic acids. 

Its salts closely resemble those of tartaric acid, but do not show 
hemihedral faces ; the acid 'potassium salt is appreciably more soluble 
than cream of tartar ; calcium salt, C 4 H 406 Ca + ^HjO, dissolves with 
more difficulty than the corresponding salts of three other tartaric 
acids. Dilute acetic acid and ammonium chloride do not dissolve it. 
It is formed on mixing solutions of calcium d- and U tartrates ; barium 
salt, C4H406Ba + 2 JH 2 O, or ffHjO (Ann. 292, 311). Racemic changes 
of the racemates (Ber. 32, 60, 857). 

Optical Resolution of Racemic Acid, — ^When Pasteur was studying 
racemic acid he discovered methods for the decomposition of optically 
inactive bodies into their optically active components, which were 
briefly considered in the introduction (p. 72) : 

(1) Penicillium glaucum, growing in a racemic acid solution, 
destroys the dexfro-tartaric acid, leaving the Z-tartaric acid unattacked. 

(2a) From a solution of sodium ammonium racemate the unaltered 
salt, without hemihedral faces, separates above -I 7 28° (Ber. 29 , R. 
112). When the crystallization takes place below + 28°, large rhombic 
crystals form, some of which show right, others left hemihedral faces. 
The similar forms can be separated by hand, and by comparing a 
solution of the crystals with a solution of calcium dex^ro-tartrate 
(Ann. 226 , 193), the former will be found to possess dextro-rotatory 
power and yield common tartaric acid, whereas the latter yield the 
tevo-acid. 

' (26) A solution of cinchonine racemate yields, on the first crystalli- 

zation, the more sparingly soluble tcevo-tartrate. If only half as much 
cinchonine, as is necessary for the production of the acid salt, be intro- 
duced, then two-thirds of the calculated quantity of cinchonine Icevo- 
tartrate will separate (Ber. 29, 42). Quinicine dex^ro-tartrate is the 
first to crystallize from a solution of quinicine racemate. 

(3) Racemic acid may also be resolved by means of its 2-bornyl 
hydrogen ester (J.C.S. 117 , 191). 

Esters of Racemic Acid : Dimethyl ester, m.p. 85°, b.p. 282°, is produced 
from racemic acid, methyl alcohol, and HCl. It can be made by fusing together 
the dimethyl ester of d- and Z-tartaric acids. It is obtained pure by distillation 
under reduced pressure. In vapour form it dissociates into the dimethyl ester 
of the d- and Z-tartaric acids (Ber. 18 , 1397 : 21 , K. 643). 

Diacetylracemic anhydride, (C2H802)2C4H208, m.p. 123° (Ber. 13, 1178). 
Diacetylracemic dimethyl ester, (C2H802)8C4H204(CH8)2, m.p. 86°, results from the 
action of acetyl chloride on the dimethyl ester ; and upon evaporating the benzene 
solution of the dimethyl Z- and d-diacetyl tartaric esters (Ann. 247, 116). 
Nitrile of diacetylracemic acid, CH8CO-OCH(CN)-CH(CN)0*COCH8, m.p. 97°, 
is produced together with the nitrile of diacetylmesotartaric acid, when acetic 
anhydride acts on the liquid portion of the additive product resulting from 
HNC and glyoxal in alcohol (Ber. 27, R. 749). 

Imides : Methyl-, ethyl-, and phenyl-imides, m.p. 157°, 179°, and 236° (Ber. 
30 , 3040). The anil of diacetylracemic acid, m.p. 94°, results when PCI5 acts on 
the anilic acid, and when the anils of d- and l-diacetyltartaric acids, m.p. 126°, 
combine (privately communicated by Anschutz and Reitter), 

(2) Dextro-rotatory or ordinary tartaric acid (Acidum tartaricum), 
m.p. 167-170° (Ber. 22, 1814), is widely distributed in the vegetable 
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world, and occurs principally in the juice of the grape, from which it 
deposits after fermentation in the form of potassium hydrogen tartrate 
(argol). It results on oxidizing methyltetrose, saccharic acid, and 
lactose with nitric acid. 

Ordinary tartaric acid crystallizes in large monoclinic prisms, 
which dissolve readily in water (1 part in 0-76 part at 15°) and 
alcohol, but not in ether. Its solution rotates the ray of polarized 
light to the right, but a very concentrated aqueous solution at low 
temperatures turns it to the left (Ber. 32 , 1180). When it is heated 
with water to 165° it changes mainly to ?7ie5otartaric acid ; at 175° 
the racemic acid predominates. Also, boiling with concentrated 
aqueous alkali converts d-tartaric acid partially into racemic and 
me^otartaric acids (Ber. 30 , 1574). It also forms racemic acid when 
it is brought together with a concentrated solution of Z- tartaric 
acid. 

On dry distillation it yields pyrotartaric acid and pyruvic acid 
(Intermediate stages of this reaction, see J.C.S. 119 , 34). 

When carefully oxidized, d-tartaric acid yields dihydroxymaleic 
acid (p. 661), dihydroxytartaric acid, and tartronic acid (p. 604) ; 
stronger oxidizing agents decompose it into carbon dioxide and formic 
acid. 

Hydriodic acid reduces it to d-malic and succinic acids. 

d-Tartaric acid is applied in dyeing or colouring, as an ingredient 
of effervescing powders, and as a medicine. Nearly all of its salts 
meet with extended uses. 

Salts. Tartrates. — The normal 'potassium salty C4H4O8K2 + iHgO, is readily 
soluble in water ; from it aeids precipitate the salt, C^HgOgK, which is not very 
soluble in water, and constitutes natural argol (Oremor tartari) ; Rochelle salt, 
potassium sodium tartrate, C4H406KNa + 4H2O {SeigneUe salt), crystallizes in 
large rhombic prisms with hemihedral faces ; sodium ammonium salt, C4H4O4- 
Na(NH4) •+■ 4H2O, is obtained from sodium ammonium racemate ; calcium salt, 
C4H40gCa + HgO, is precipitated from solutions of normal tartrates, by calcium 
chloride, as an insoluble, crystalline powder. It dissolves in acids and alkalis, 
and is reprecipitated from alkaline solution as a jelly on boiling — a reaction serv- 
ing to distinguish tartaric from other acids. (See also Calcium racemate.) 

Lead salt, C4H40flPb. Copper salts are not precipitated by alkali hydroxides 
in presence of tartaric acid. When cupric hydroxide is dissolved in tartaric 
acid and aqueous alkali, double salts are formed, such as cupric sodium ditartrate, 
C^HgOgCuNaa + C4HaOaNa4 + (Ber. 32, 2347). A solution of copper 

sulphate, roclielle salt, and sodium hydroxide is known as Fehling^s solution, and 
is employed in the quantitative analysis of certain sugars (p. 685). 

Tartar Emetic. — Potassium antimonyl tartrate, COOK-CHOH-CHOH- 

COOSbO + iHjO, or C.H40, : SbOK + JHjO, or C02K[CHOH],COOSb<®>- 

Sb OCO[CHOH]ii-COOK + HjO (Ber. 16, 2386), is prepared by boiling cream of 
tartar with antimony oxide and water. It crystallizes in rhombic octahedra, 
which slowly lose their water of crystallization on exposure and fall to a powder. 
It is soluble in fourteen parts of water at 10°. Its solution possesses an unpleasant 
metallic taste, and acts as an emetic. See Ber. 29, R. 84 : 28, R* 463, for the 
corresponding arsenic compound. 

dextro-Tartoric acid esters, ROOC*CH(OH)CH(OH) COOR (c/. Racemic 
esters), are obtained as follows : the acid is dissolved in methyl or ethyl alcohol, 
hydrochloric acid gas is passed through the solution, and the liquid is distill^ 
under diminished pressure. PCI 5 converts them into esters of chloromalic acid 
(p. 659) and chlorofumaric acid. The esters constitute the first homologous 
series of optically active substances, of which the rotation of the plane of poleu*- 
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ized light was investigated {AnschiUz and Pictet, Ber. 13, 1177 : cf. Ber. 27, 
R. 511, 621, 726, 729 : Ber. 28, R. 148 : C. 1898, 11. 17). Dimethyl eater, m.p. 
48°, b.p. 280°/760 mm. [a]p® = + 2*16. Diethyl ester, fluid, b.p. 280°/760 mm. 
[a]p® — -f 7-66. Di-n.‘propyl ester, fluid, b.p. 303°/760 mm. [a]^® = + 12*44. 

Ethers are formed by the action of silver oxide and alkyl iodides on the tar- 
taric esters. Thus methyl d-tartrate yields methyl d-dimethoxy succinate, Meg- 
OCO*CH(OMe)*CH(OMe)*COOMe, m.p. 51°, b.p. 132°/12 mm., which on hydro- 
lysis yields dimetlwxysuccinic acid, m.p. 151°. The ethers are also obtained by 
the action of alkyl iodides on silver tartrate. If sodium ethoxide is used in the 
reaction between alkyl iodides and tartaric esters there results a mixture of sym.- 
and o5.-dialkoxysuccinic esters (p. 621), which can also be produced by the action 
of sodimn ethoxide on #JVW?.-dibromosuccinic ester (C. 1900, I. 404 : 1901, 

II. 401). 

Mouo- and Di-Jormal Tartaric Acids : 

O— CHgO /OCH— CHO\ 

I I andCH/ I I >CHo 

HOgC-CH CH-COgH \OCO COO/ 

(C. 1903, I. 136). 

Diacetyl-d-tartaric anhydride, (C2H30)2C4H208, m.p. 135°, is prepared by 
treatment of tartaric acid with acetic anhydride and a little sulphuric acid. 
Pyridine acetate at 0° produces the pyridine salt of hydroxymaleic anhydride 
(p. 620). Diacetyltartaric dimethyl ester, m.p. 103°. Diacetyltartaric dianilide, 
m.p. 214° (Ann. 279, 138). Diacetyl-d-tartaric anil ; see Diacetyl racemic anil 
(p. 656). Other imides (Ber. 29, 2710). 

Tartaric hydrazide, m.p. 183° : tartaric azide, from the hydrazide and nitrous 
acid, m.p. 66° (J. pr. Chem. 95, 214). 

Nitrotartaric acid, dinitrotartaric acid, (N020)2C2H2(C02H)2, is obtained 
from tartaric acid by the action of nitric and sulphuric acids (J.A.C.S. 43, 577). 
It dissolves readily in alcohol and ether, and is insoluble in benzene and chloro- 
form. = -T 13*5° in methyl alcohol. In aqueous solution the substance 

decomposes into dihydroxy tartaric acid (p. 662), CO 2 ll*C( 0 H) 2 *C(OH) 2 C 02 H, 
which breaks down further into COg and tartronic acid. Dhiitrotartaric esters : 
Dimethyl eater, m.p. 75° ; diethyl ester, m.p. 27°, 

Mo no nitrotartaric esters, R02C*CH(0N02)CH(0H)*C02R ; dimethyl ester, 
m.p. 97° ; diethyl ester, m.p. 47°. Both the series of compomids are formed 
together when tartaric esters are treated with nitric and sulphuric acids (C. 1903, 
I. 627 : Ber. 36, 778). 

(3) ZcE«;o-Tartaric acid, m.p. 167- 170°, is very similar to the 
dextro-\ Qiiety , and only differs from it in rotating the ray of polar- 
ized light to the left. Their salts are very similar, and usually 
isomorphous, but those of the Zcrvo-acid exhibit opposite hemihedral 
faces. 

The dimethyl ester has the same melting and boiling points as 
the dimethyl ester of rf-tartaric acid (see above) ; cf. also racemic 
acid esters (p. 656). In the description of racemic acid the method 
by which Z-tartaric acid could be obtained from it was exhaustively 
considered (p. 656). In concentrated solution it combines with cZ- 
tartaric acid and yields racemic acid. 

(4) me^oTartaric acid, inactive tartaric acid, aniitartaric acid, is 
obtained by oxidizing parasorbic acid or erythritol with nitric acid : 
together with racemic acid by the action of silver oxide on dibromo- 
succinic acid or from maleic acid or phenol by oxidation with per- 
manganate (Ber. 24, 1753). It is prepared by heating cZ-tartaric 
acid with water at 165° for two days, or by the oxidation of 
maleic acid. 

It contains one molecule of water of crystallization. 
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Salts. — Calcium salt, C 4 H 40 flCa + SHgO (Ann. 226, 198). Barium salt. 
C 4 H 40 <,Ba 4- H^O (Ann. 292, 315). 

Methyl ester, m.p. 111°, ethyl ester, m.p. 54", b.p. 156"/14 min. (Ber. 21, 
517). The nitrile, CN*CHOH*CHOH CN, m.p. 131° (decomp.) is obtained from 
hydrogen cyanide and glyoxal in alcoholic solution. Nitrile of diacctyl derivative, 
m.p. 76° (Ber. 76, R. 749). 

Chloromalic acids, OL-chloro-fi-hydTOxysuccinic acids, HOCO*- 
CHCl-CHOH-COOH. (I) The dl-meso form, m.p. 143°, is obtained 
from maleic acid and hypochlorous acid and gives with alkalis trans- 
fumarylglycidic acid (see below) (Ann. 348, 299 : Ber. 58, 919 : 61, 
490), and on heating with water a mixture of racemic acid and meso^ 
tartaric acid. (II) The dl-racemic form, m.p. 153°, is formed together 
with the (I) acid from fumaric acid and hypochlorous acid or by the 
addition of hydrochloric acid to C(t.9-ethylene oxide dicarboxylic acid 
(below). Removal of hydrochloric acid by the action of concentrated 
alkalis yields the cis-ethylene oxide dicarboxylic acid and heating 
with water yields quantitatively mesotartaric acid (Ber. 58, 919). 
Bromomalic acid, m.p. 134°. 

The acids thus formed are optically inactive, but by the action 
of phosphorus pentachloride or tribromide on tartaric esters, Z-chloro- 
or Z-bromo- malic esters are formed, which on reduction yield malic 
esters (Ber. 28, 1291 : Ami. 348, 273 : Ber. 55, 1339). 


< CHCOOH 
I 

CHCOOH 

— The c?s-acid, m.p. 149°, is obtained from chloromalic acid (II) by means of 
alkali, and on hydrolysis with water yields solely racemic acid : addition of HCl 
yields chloromalic acid (II). The trans-acid, dl-iorm, m.p. 209°, is obtained from 
chloromalic acid (I) with alkalis. It can bo resolved by means of morphine. 
d-Form, [a]© + 34*8° (Ber. 58, 928). The dl-tra7is -acid yields on heating with 
water a mixture of racemic and mesotartaric acids. 

Diaminosuccinic acid, COOH CH(NH 2 ) CH(NH 2 ) COOH, is obtained by 
the reduction of the diphenylhydrazone of dihydroxytartaric acid by sodium 
amalgam. (Preparation, Ber. 58, 1429.) The less soluble acid is the meso- 
form, the more soluble the racemic. (Resolution with morphine, Ber. 58, 
1429.) Diethyl ester, b.p. 160-165°/15 mm. Diacetamidosuccmic acid diethyl 
ester, m.p. 180° (Ber. 38, 1589). 

Hydroxyaminosuccinic acid, hydroocyas^artic acid. COOH CH(NH2)*- 
CH(OH)*COOH. — A mixture of the stereoisomeric forms of this acid is obtained 
by the action of one molecule of nitrous acid on diaminosuccinic acid, m.p. 
314-318° (C. 1905, 1. 1090 : Aim. 348, 307). Preparation of the various hydroxy- 
aspartic acids from chloromalic acid, J. Biol. Chern. 48, 273. Hydroxyaspara- 
gines, COOH-CH(NH 2 )-CH(OH)-CONH 2 and CONH 2 -CH(NH 2 ) CH(OH)-COOH, 
see Biochem. J. 24, 945. 

Dianilinosuccinic ester, C 02 C 2 H 5 -CH(NHC 6 H 5 )CH(NHC 6 H 5 ) C 02 C 2 H 6 , m.p. 
149°, is obtained from dibromo- and i^odibromo -succinic ester and alcoholic 
aniline heated to 100° (Ber. 27, 1604). 

/CH— CO 2 C 2 H 6 

Iminosuccinic moiioethyl ester, NH<(^ j , m.p. 98°, is prepared 

\CHCO2H 

from iminosuccinic monoester amide, a product of the reaction of alcoliolic 
ammonia and dibromosuccinic ester (Ber. 25, 646). 

Azinsuccinic ester, (COaC 2 H 6 ) 2 C 2 H 2 N 2 -C 2 H 2 (C 02 C 2 H 5 ), is obtained from 
diazoacetic ester ; an isomeric ester is obtained from diazosuccinic ester (Ber. 
29, 763). 

yC(CH8)C02H 

Oxycitraconic acid, | , decomposes at 162°. It is formed when 

\CHCO2H 

OL-chlorocitramalic add, m.p. 139°, the addition product of HCIO and citraconic 
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acid, is treated with alkali hydroxide. Hydrochloric acid changes it to p-chloro- 
citramaJk acidy m.p. 162° (decomp.) (Ann. 253, 87). 

CH, COv 

Hydrox^fparaconic acid, | /O, m.p. 104°, is prepared from 

HOaC-C(OH)CHa/ 

itaconic acid (p. 571) and potassium permanganate. 

CH3C(OH)-COgH 

Dimethylracemic acid, | -f HgO, m.p. 178° (decomp.), is 

CHsC( 0H)C03H 

formed (1) from pyroracemic acid (p. 462) by reduction (Ber. 25, 397), and (2) 
from diacetyl (p. 402) by the action of HCN and hydrochloric acid (Ber. 22, 
R. 137). 


C. Glutaric Acid Derivatives 

Oip’Dihydroxyglutaric acid, H02C*CH(0H)CH(0H)CH3*C02H, m.p. 158°, is 
formed from the bromine addition product of glutaconic acid, or from the latter 
by permanganate. An optically active form of this acid has been obtained by 
the breakdo\vm of metasaccharopentose (p. 676) (Ber. 38, 3625). 

CL’ Ainirio-^-hydroocy glutaric acid, COOH-CH(NH 2 ) CH(OH)'CH 2 COOH, is de- 
scribed on p. 614. 

CLy’Dihydroxyglutaric acid, H02C*CH(0H)CH2CH(0H)C02lI, m.p. 120° ; 
lactone acid, m.p. 165°, is formed from ay-dihydroxypropane-aay-tricarboxylic 
acid (the oxidation product of isosaccharin, p. 676) by loss of CO 2 (Ber. 18, 
2576 ; 38, 3624). 

CLy Dihydroxy -CLy-dimethylglutaric acid, HOCO*CMe(OH)-CH 2 -CMo(OH)-- 

COOH, exists in two modifications, both of which are prepared from acetyl - 
acetone and hydrocyanic acid (Ber. 24, 4006 : 25, 3221). The one, m.p. 98°, 
is obtained in enantiomorphous crystals from ether ; the other readily passes 
into the lactonic acid, m.p. 90°, which, when heated, forms a dilactone, m.p. 105°, 
b.p. 235°. 

CL^’ Dihydroxy ’yy-dimethylglutaric lactonic acid (p. 624) ; cLy-dihydroxy’pp- 
dimethylglutaric acid, (CHj)2C[CH(0H)C02H]2 ; lactonic acid, m.p. 146° (C. 1901, 
II. 109) ; CLy ’dihydroxy’ and py-triniethylglutaric acid (Ber. 28, 2940). 


D. Derivatives of Adipic Acid and Higher Homologues 

clcl' ’Dihydroxy adipic acid, H02C-CH(0H)CH2CH2CH(0H)C02H, exists in 
two forms which are produced froia the corresponding clcl' - d ibroynoadipic acids, 
m.pp. 139° and 193°, which occur together after the bromination of adipic acid 
chloride (C. 1908, I. 2021). The racemic form, m.p. 146°, is resolved by means 

i ' 

of cinchonidine, and when heated yields &dilactone, CO— CH'CH 2 -CH 2 -CH — CO, 

O 

m.p. 134° ; mesO’Jorm, m.p. 173°, is not resolvable, and w^hon heated gives a 
lactone lactide. 

olol ' ’Diaminoadipic acid, ( — CH2CH(Hli2)C02H)2» decomposes at 275°, is pre- 
pared by decomposition of ethylene bis-phthalimidomalonic ester, a product of 
reaction of ethylene bromide and sodium phthalimidomalonic ester. Similarly, 
clcl' ’diaminopimelic acid is formed from trimethylene bis-phthalimidomalonic 
ester (C. 1908, II. 682). 

PP' -Diaminoadipic acid, (COOH*CH 2 't^^(^H 2 ) — ) 2 » + H 2 O. 

I NH 

The dilactam, CO CHa CH-CH CHa-CO, m.p. 275°, is formed by heating 

i I 

NH ' 

muconic acid or muconic amide (p. 577) with ammonia to 135-150° ; also by 
reduction of dicyanodimalonic ester, (K 02 C} 2 CHC(NH)*C(NH)CH(C 02 R), 
(p. 720), and subsequent hydrolysis and abstraction of COg (Ber. 36, 172). 
CLOL'-Diaminoauberic acid, OLOL'-diaminoaebacic acid, clcl' - diaminoazelaic acid. 
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are prepared from the correBponding dicarboxylic acid by bromination and 
reaction with two molecules of NH3. When heated they break down into COj 
and alkylone diamines (p. 382) (C. 1905, II. 462 : 1906, II. 764). Dihydroxy- 
dimethyladipic acids are formed from acetonylacetone and hydrocyanic acid 
(Ber. 29, 819). 

Cineolic acid, CjoHigOg, is the anhydride of a-hydroxyi«opropyl-a-methyl- 
a-hydroxyadipic acid, comparable to the alkylene oxides (see Cineol, Vol. II). 

Dihydroxy suberic acid and dihydroxy sebacic acid ; see Adipic dialdehyde and 
Suberic dialdehydes (p. 400) (C. 1905, II. 462 : 1907, II. 1236). 

(U) DIHYDROXYOLEFINECARBOXYLIC ACIDS 

Dihydroxymaleic acid, H02C‘C(OH) : C(OH)*C02H -f 2H2O, may perhaps be 
looked on as being oxalohydroxyacetic acid, H02CC0*CH(0H)C02H (Ann. 357, 
291). It is formed when tartaric acid is oxidized with hydrogen peroxide in pres- 
ence of small quantities of ferrous salts in sunlight. When warmed with HBr 
in glacial acetic acid it is converted into an isomeric body, probably dihydroxy - 
fumaric acid. When heated with water it decomposes into 2CO2 and glycollic 

HO2C C : CHN 

aldehyde ; ammonia produces pyrazinedicarboxylic acid, | 11 

N : CHC CO2H 

Oxidation of the sodium salt of dihydroxymaleic acid with bromine in acetic 
acid gives rise to sodium dihydro xytartrate (p. 662) ; whilst oxidation with ferric 
salts produces glyoxyl carboxylic acid (p. 600) (C. 1905, II. 456). Diacetyl’ 
dihydroxymaleic acid, m.p. 98^^. See also dichloro- and dibrorno -maleic acids, 
and their decomposition products (p. 569) (Ber. 38, 258). 


12. HYDROXYKETODICARBOXYLIC ACIDS 

Eihoxyoxaloacctie ester, C2H502C COCH(OC2H5)C02C2H5, b.p. 155°/11 mm., is 
prepared from oxalic ester and ethyl glycollic ester. W'hen distilled under 
ordinary pressure it gives ethoxjmalonic ester (Ber. 31, 552). See also Dihy- 
droxymaleic acid (above). 

/CH— CO2C2H5 

Nitrilosuccinic dimethyl cater, ] , b.p. 154'’/40 mm., is pro- 

CO2C2H5 

diiced by the reaction of the silver salt of jS-oximidosuccinic ester (p. 621) and iodo- 
ethane and subsequent distillation (Ber. 23, R. 561 ; 24, 2289). 

Qlyeolylmalonic acid ; y-hydroxyacetoacetic-ct-carboxylic acid, HOCHgCOCH- 
(C02H)2> is S' hypothetical acid, from which is derived tetronic-aL-carboxylic acid, 

r' I 

0CH2C0CH(C02H)C0 ; methyl ester, m.p. 172° (decomp.) ; ethyl ester, m.p. 
125°. The substances are prepared from sodium malonic ester and acetyl 
glycollic chloride or chloroacetyl chloride. The desmotropic oci-forms, 

I I 

0CH2C(0H) : C(C02R)C0, are strong acids like tetronic acid itself (p. 599) 
into which they pass on hydrolysis and loss of COg. Sodium cyanoacetic ester and 
chloroacetyl chloride produce chloroacetylcyanoacetic esters, CICH 2 C 0 CH(CN)C 02 R ; 
methyl ester, m.p. 73" ; ethyl ester, 43°. The silver salt and iodoethane yield the 
O-ethyl ether of the ac^-form, ClCH 2 C(OC 2 Hg) : C(CN)C02C2Hs, m.p. 94°, which 
with ammonia gives the a?ni?io-compound, ClCHa'ClNHg) : ClCNlCOgCiTj, m.p. 
129°. The sodium salt of chloroacetyl cyanoacetic es ter, h oweve r, reactin g with 


ammonia forms a lactone — cyarwketopyrrolidone, NHCH2COCH(CN)CO, m.p. 
221° (decomp.) (Ber. 41, 2399). Homologous w ith the tetronic carboxylic esters 

is carbotetrinic ester, OCH2COCH(CH2COaC2H3)CO, m.p. 96°, which results from 
distillation of bromoacotosuccinio ester. 

CH8C(C02H)CH2\ 

OL-KetO’y’Valerolactone-y’Carboxylic acid, | ^0, m.p. 117°, re- 

O -CO/ 

suits from the spontaneous decomposition of pyroracemic acid (p. 462), or 
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more quickly under the influence of hydrochloric acid. It reacts also in the 
tautomeric enol-form, yielding a phenylhydrazone ^ which, on cleavage of the 
lactone ring and loss of water, passes into phcnylmethyljryridazonecarboxylic acid^ 
CH3C— CH — CCO3H 


CON(C«H,)N 


(Vol. III). Alcoholic hydrochloric acid converts the 


ketovalerolactone acid ink) y-mcthylkctogluiaconic esieVy CH3C(C02C2H5) 
CH*C0C02 CjH 5, b.p. 183°/28 mm., whilst hot strong hydrochloric acid produces 
pyrotartaric acid (p. r>48) (Ann. 317, I ; 319, 121 : C. 1902, II. 508 : 1904, 
II. 193). 


CaH,C(C02H)CHCH3 

(X-Keto-p-nifthgl y raproIactoyic-y-carboxylic acixly \ 1 , m.p. 

O— CO— CO 


128^, is produced from a-methyloxaloacetic ester (p. 021) by 70-80 sulphuric 
acid (Ber. 35, 1620). 


13. DIKETONEDICARBOXYLIC ACIDS 

Dihydroxytartaric acid, H0C0-C(0H)2-C(0H)2 C00H, m.p. 98" (docomp.), 
is obtained (1) when protocatechuic acid, pyrocatechin, or guaiactol (Vol. Tl), in 
ethereal solution, is acted on with nitrous acid ; (2) by oxidation of dihydroxy- 
maleic acid ; and (3) by spontaneous decomposition of nitrotartaric acid (see 
Aim. 302, 291, footnote : J.A.C.S. 43, 577). 

It was formerly regarded as carboxytartronic acid, C(OH)(C02H)3. Its 
formation from the benzene derivatives was cited as proof for the assumption that 
in benzene one carbon atom is combined with three other carbon atoms. How- 
ever, Kekulo removed the basis from this assumption when he showed that the 
body supposed to be carboxytartronic acid could also be made from nitrotartaric; 
acid by the action of an alcoholic solution of nitrous acid, and then by reduction 
be converted into racemic and mesotartaric acids. He therefore named it dihy- 
droxytartaric acid, for it sustains the same relation to tartaric acid that glyoxylic 
acid bears to gh^collic acid, and mesoxalic acid to tartronic acid (Ann. 221, 230). 
On reduction by suitable methods, diliydroxytartaric acid yields dihydroxy- 
maleic acid (p. (>61 : C. 1898, I. 31). 

By the action of alkalis according to the concentration, dihydroxytartaric; 
acid cither undergoes a simple decomposition into oxalic and glyoxylic acids 
(Equation I) or yields tartronic acid by loss of <;arbon dioxide from the product 
of a benzilic acid transformation (J.A.C.S. 43, 2091) (Equation 11 : see also 
Vol. II). 

I. COOH CO CO COOH (COOH)2 + O : CH COOH (C. 1922, I. 1068). 

TI. COOH CO CO COOH [COOH C(OH)(COOH)2] > COOH CHOH- 

COOH -f CO2. 

Glyoxal (p. 398) is obtained by the action of sodium bisulphite on the sodium 
salt of dihydroxytartaric acid. 

The sodium salty C4H408Na2 + 2H2O, is a very sparingly soluble crystalline 
powder, which is used for the isolation of the acid, and also for the quantitative 
estimation of sodium (C. 1898, I. 688). Other salts, see C. 1898, II. 276 : 1905, 
II. 397. 

Esters . — The esters of the acid, COOH*C(OH)2'C(OH)a*COOH, are not known. 
The esteVy C2H50C0 C(0H)2'C0 C00C2H5, m.p. 116-118”, colourless crystals, is 
obtained by the addition of water to ethyl dikctosv-ccinatc, CaHjOCO-CO-CO - 
COOC2H5, b.p. 233°, b.p. 1 16 yi3 rnrn., Dgo 1 *1896, and reverts to the latter when 
distilled under diminished pressure. The diketo ester, which is a thick liquid 
with a yellow colour (c/. a-diketonos, p. 401), is obtained by the action of hydro- 
chloric acid on sodium dihydroxy tartrate suspended in alcohol. When boiled 
under a reflux condenser, CO is lost and mesoxalic ester (p. 617) and oxalic 
ester are formed. 

Oximes. — Dioximinosuccinic acid, H02C-C(N0H)C(N0H)C02H, and its 
esters have boon obtainod in difforont storeornoric forms (C. 1908, I. 1042, etc.). 
The dioxime anhydridcy furazandicarboxylic acid (1) is prepared by oxidation of 
dimethyl furazem (c/. p. 408) ; the furoxan derivative (2) from iwnitrosoacetic 
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ester (p. 400) or wonitrosoacetoacetic ester (p. 602) and nitric acid. It is an 
easily decomposable oil (Ber. 28 , 1213). 


(1) o- 


CO2H 

I 

N-C— CO2H 


/N-C-CO2R 

\ I 

\N-C— CO2R 
II 


O 

Hydrazones. — Hydrazopyrazolonccarhoxylic acid (1) and pyrazolonopyrazolonc 
(2) may bo taken as being the lactazam and dilactazarn (rf. p. 461) of the mono- 
and dihydrazono of diketosuccinic acid (see Vol. II). 


/N---CCO2H 

(1 ) nh/ 1 

\CO— C-NNH. 


/N=-CCO\ 

(2) NH< I >NH 

\coc-n/ 


Diketosuccinic ester m/)nophenylhydrazonr , CgHgNH-N : C(C02C2H5)'C0*C02- 
C2H5, m.p. 7;r, is formed from oxaloacetic ester (p. 620) and diazobenzene. It is 
converted into a stereomcric hydrazone, m.p. 127^, by sodium alcoholate (C. 1904, 
I. 580). The osazone of diketosuccinic acid readily passes into the lactazam., phenyl- 


hydrazophctcylpyrazolonccarhoxylic acid^ CgHgN-N : C(C02H)C(NNHC<5H5)*C0, 
the basis of the dye tartrazinc. Diketosuccifiic diethyl ester osazone [CflHjNHN : 
C(C02C2H,^)]2 is known in three modifications, a-, m.p. 121°; /3-, m.p. 137°; 
y-, m.p. 175 . The a-form gradually passes spontaneously into the jS-substance, 
a change which is accelerated by iodine or sulphur dioxide. All three forms are 
readily converted into pyrazolone compounds. 

Oxalodiacetic acid, ketipic acidy HO 2CCH2*COCO -011200211, is precipitated 
from the ester by concentrated hydrochloric acid, as a white insoluble powder. 
Heat decomposes it into 2OO2 and diacetyl. The ester, 02H502COH2-0000-OH2* 
OO2O2H5, m.p. 77°, is prepared, similarly to oxaloacetic ester (p. 620) from a 
mixture of oxalic ester and two molecules of acetic ester by the action of 
sodium (Ber. 20, 591) ; also, from oxalic ester and chloroacetic ester and zinc 
(Ber. 20, 202). An alcoholic solution of the ester is given an intense red colora- 
tion by ferric chloride. Chlorine and bromine ]>roduce tetrachloro- and tetrahromo- 
derivatives. Tetrachlorodikctoadipic ester is also obtained by the action of 
chlorine on dihydroxyquinone dicarboxylic ester (Ber. 20, 3183). The osazone 
of oxalodiacetic ester can be converted into di-l-phenyl-^ : 3-bis-pyrazolone 
(Vol. Tl) (Ber. 28, 68). 

a-Oxaloacetoacetic ester, H02CC0’CH (C0CH3)C02H, is not known, but the 
derivative, (x-cyanirninoacetoacetic c.v^cr, NCC(XH)CH(COCH3)C02C2H5, m.p. 122°, 
has been prepared from cyanogen and acetoacetic ester by the action of sodium 
ethoxide {cf. p. 473). Acids or secondary amines convert it into two isomeric 
forms, m.pp. 178° and 211°, of the various possible desmotropic modifications 
of the enol typo, and with absorption of water into oL-acetyl-p-iminosuccinamic 
ester, and finally into oi-acctyl-^-iminosnccinitnide (Ann. 332, 104). 

y-Oxalo-oi-ditnethylacctoacciic ester, C2H5()2C-CO*CH2COC(CH3)2C02C2H5, is 
obtained by condensing oxalic ester and a-diinethylacetoacetic ester. When dis- 
tilled under ordinary pressure there is a partial loss of CO. The acid, m.p. 180° 
wdth decomposition into COj and (CHalgCHCO-CHgCOCOaH. Oxalod iethylaceto- 
acctic ester, C2H502C-C0-CH2C(C2H5)2C02C2H5, b.p. 275-285° wdth decomposition 
into CO and a-diethylacetonedicarboxylic ester (p. 624). These esters are in 
general similar to oxaloacetic ester (Ber. 33 , 3432). 

h-Oxalolcruulinic acid, oLy-diketopi melic acid, H02C-C0'CH3C0CH2CH2C02H, 
m.p. 100-125°, is obtained from its ethyl ester, m.p. 19°, the condensation product 
of oxalic ester and lse\mlinic ester by warming the two esters with sulphuric acid. 
When heated the acid breaks dow n into CO2, CO, and lje\nilinic acid. Reduction 
produces pimelic acid (Ber. 31, 622). 

oi€- Diketopimelic acid, CH2(CH2C0C02H)2, m.p. 127°, is obtained from methy- 
lene bis-oxaloacetic ester by hydrolysis and loss of COj. When treated with dehy- 


drating agents there is formed pyrandicarboxylic ac 



decomposes at 250° (Vol. HI) (C. 1904, II. 602). 

Bym.‘ Diacetyl- or Diacetosuccinic acid, CgHjoO# ; ethyl ester is formed by elec- 
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trolysis or the action of iodine on sodium aoetoaoetic ester (Ann. 201, 144 : 
Ber. 28, R. 452) : 

CHjCOCHNa-COjR CHaCOCHCOaR 

+ 1, = I +2 Nal. 

CHaCO-CHNaCOaR CHaCOCH-COaR 

Theory" demands the existence of 1 3 isomeric forms of this body — two optically 
active, and two optically inactive keto-forms, three cis-trans isomers of the 
double enol-forra, and four optically active and two racemic mixed keto-enol- 
forms. Of the seven optically inactive modifications, five are known : j8- and y- 
Areto-forms, m.pp. 90° and 30° ; dieiwl form, a-ester, m.p. 45° : ketoenol forms, 
ttijS-ester, liquid, aj^S-ester, m.p. 20° (Ber. 55, 232). Equilibrium between the 
various forms is reached via the aijS-form (Ber. 55, 2257). When heated or acted 
on by acids, diacetosuccinic ester is converted into carbopyrotritaric ester (a 
derivative of furan) ; ammonia and the amines produce pyrrole derivatives — 
a reaction which serves to identify the substance (Ber. 19, 46). Phenylhydrazine 
reacts as it does with acetoacetic ester, forming a bis-pyrazolone derivative 
(Ann. 238, 168). 

When boiled with potash solution the ester undergoes the ketonic change 
into COg and acetonylacetone (p. 405). 

fLS. -Diacetosuccinic ester ^ (CH3C0)2C(C0,C,Hb)CH 2C02C2H5, b.p. 275°, is 
formed from sodium acetosuccinic ester and acetyl chloride (J. pr. Chem. [2] 65, 
532). 

aP-Dkicetoglutaric acid, HO CO CH(COCH 3 ) CH(COCH) 8 -CH 2 *COOH. Its di- 
ethyl ester is obtained from sodium acetoacetic ester and ^-bromolaevulinic 
ester (p. 479). Being a y-diketone compound, it unites with ammonia and forms 
a pyrrole derivative (Ber. 19, 47). 

oiy-Diacetoglutaric ester, EtO • CO ♦ CH(COCH8) • CHg • CH(COCH8)COOEt, is 
formed from formaldehyde and acetoacetic ester in the presence of small quan- 
tities of a primary or secondary amine {Knoevctiagel, Ann. 288, 321 : Ber. 
31, 1388). It passes readily into a tetrahydrobenzene derivative. The j8-alkyl- 
ay-diacotoglutaric esters prepared from the homologous aldehydes behave in 
a similar manner. 

(xh-Diacetoadipic acid, ( — CH2CH(C0CH3)-C02H)2. Ethylene bromide acting 
on two molecules of sodium acetoacetic ester, forms its diethyl ester. Phenyl- 
hj'drazine converts it into a bis -pyrazolone derivative (Ber. 19, 2045). 

Diacetodimethylpimcl ic acid (Ber. 24, R. 729). 

Dilcetmlinic acid, [4 : 7-Decane dione diacid,] ( — CH2C0CH2CH2C02H)a, 
results when alcoholic hydrochloric acid acts on S-furfural laevulinic acid (Ann. 
294, 167). 

Iodine converts disodium diacetosuccinic ester into diacetofumaric ester, 
EtO CO C(COCH 3 ) : C(C0CH8)-C02Et, m.p. 96° (Ber. 30, 1991). 

Methenylbis -acetoacetic ester, ethoxy- 

methyleneacetnacetic ester (p. 601). 


14. HYDROXYTRICARBOXYLIC ACIDS 

Citric acid, hydroxytricarballylic acid [Acidum citricum), COgH- 
CH2C(0H) (CO 2 H) *011200211 + HjO, m.p. (anhydrous) 153°, occurs 
free in lemons, in currants, in cranberries, in beets, and in other acid 
fruits. It is obtained on a commercial scale from lemon juice, and by 
the action of certain ferments, such as Citromycetes pfefferianus and 
glaber (Ber. 26, R. 696 : 27, R. 78, 448). 

The acid can be prepared synthetically from ^ywi.-dichloroacetone ; 
this is accomplished by first acting on the latter compound with 
hydrocyanic acid and hydrochloric acid, whereby dichlorohydroxyi^o- 
butyric acid is formed, which is then treated wdth potassium cyanide 
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producing a dicyanide, which is hydrolysed with hydrochloric 


acid : 

CH 2 CI 

1 

CH 2 CI 

1 

CH 2 CI 

1 

CHgCN 

CHjCOjH 

CO 

1 

C(OH)CN > C(0H)C02H 

I I 

j 

>> C(OH)C02H 

j 

C(0H)C02H 

CH 2 CI 

CH 2 CI 

CH 2 CI 

1 

CH^CN 

1 

CH 2 C 02 H 


Further, citric acid is formed from acetonedicarboxylic esters, 
C0(CH2 C02R)2 (P- 623), by the action of HNC and hydrochloric 
acid : si/m. -citric dimethyl ester amide and sym.-citTic dimethyl ester 
(p. 666) are obtained as intermediate substances ; 


CH..CO 2 CH 3 CH 2 CO 2 CH 3 CH 2 CO 2 CH 3 CH 2 CO 2 CH 3 CH 2 CO 2 H 

I “ I I I I 

CO > C(OH)CN C(0H)C0NH2 — > C(OH) C02H -> C(0H)C02H 

III II 

CH^CO^CHa CH 2 CO 0 CH 3 CH 2 CO 2 CH 3 CH 2 CO 2 CH 3 CH 2 CO 2 H 

Ethyl citrate is also obtained in small yield by the action of zinc 
on bromoacetic ester and oxaloacetic ester (C. 1897, I. 802). 

Properties . — Citric acid crystallizes in large rhombic prisms, which 
dissolve in 4 parts of water at 20*^, the anhydrous acid crystallizes 
mostly anhydrous from its solutions (Ber. 36, 3599). It readily dis- 
solves in alcohol and with difficulty in ether. The aqueous solution 
is not precipitated by milk of lime when cold, but on boiling the 
tertiary calcium salt separates, which is insoluble, even in potassium 
hydroxide solution (see Tartaric acid). 

When heated to 175° citric acid decomposes into aconitic acid 
(p. 648). Rapidly heated to a higher temperature aconitic acid breaks 
down into water and its anhydride acid, which changes to CO 2 and 
itaconic anhydride, and the latter in part to citraconic anhydride (Ber. 
13, 1541). Another portion of the citric acid loses water and CO 2 , 
becoming converted thereby into acetone dicarboxylic acid, which 
immediately splits into 2 CO 2 and acetone : 



CHC 02 H 

CHCO 2 H 


II 

C-COaH 

Ij 

y CCO — 

CH^CXloH 

1 

C( 0 H)C 02 H 

CHoCOoH 

CHjCo/ 

1 

CH 2 C 02 H 

CHoCOjH 

CO 

(■H, 

i 

— >-co 


j 

CH2CO2H 

A cotonedicarboxyllc 
acid. 

j 

CH 3 


CH 2 


CCO — . 

I >0 

CH 2 CO/ 

Itaconic 

anhydride. 


r- 

^CCO— V 

II >0 

CHCQ/ 

Citraconic 

anhydride. 


It breaks up into acetic and oxalic acids when fused with potassium 
hydroxide, and by oxidation with nitric acid. Acetonedicarboxylic 
acid (p. 623) is produced when citric acid is digested with concentrated 
sulphuric acid, and when oxidized with permanganate (C. 1900, I. 
328). 

Salts. — Being a tribasic acid it forms three series of salts, and also two 
different mono- and two different di-alkali salts (Ber. 26, R. 687). 
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The calcium salt, + 4H2O, is precipitated on boiling. 

Esters. — Trimethyl ester ^ m.p. 79*^, b.p. 176°/16 mm. ; diynethyl ester ^ CHa- 
{C02CH3)C(0H)(C02H)CH2C0aCH2. ni.p. 126°, is formed by partial esterification 
of the acid. It crystallizes with 1 molecule of water and is difficultly soluble in 
cold water (Ber. 35, 2085). 

Acetocitric trimethyl eater ^ b.p. 171°/15 mm., is decomposed by distillation at 
ordinary pressures into acetic acid and aconitic ester (Ber. 18, 1954). sym.- 
Acctocitric dimethyl ester, m.p. 75° ; ainide, m.p. 109° (Ber. 38, 3194). Acetocitric 
anhydride, m.p. 121° (Ber. 22, 984), decomposes on distillation at ordinary pres- 
sures into CO2, acetic acid, and citraconic anhydride. Methylene citric acid, 
/0C(CH2C02H)2 

CH2<^ i , m.p. 208°, is prepared from citric acid, formaldehyde, 

\OCO 

and hydrochloric acid ; or from formaldehyde derivatives (C. 1902, I. 299, 738 : 
1908, I. 1589). 

Methyl ether : methojrytriearhallylic acid, (CH30)C(C02H)(CH2C02H)2, m.p. 
131° ; trimethyl ester, b.p. 165°/12 ram., is prepared from citric trimethyl ester, 
iodomethane, and silver oxide (Ann. 327, 228). 

Citramide, 03X14(011 )(CONH2)3, when heated with hydrochloric or sulphuric 
acid, is condensed to citrazinic acid {syin.-aconitimide acid, dihydroocy pyridine 
carboxylic acid (p. (348) (Ber. 17, 2687 : 23, 831 : 27, R. 83). sym.- Citric di- 
methyl ester ami id c, NH20C-C(0H)(CH2-C02Me)2, m.p. 107°, is prepared from the 
nitrile, acetonedicarboxylic ester cyanohydrin, m.p. 53°, and reacts in concentrated 
sulphuric acid with sodimn nitrite to form sym.-citric dimethyl ester (above). 
Benzoylcitrimide ethyl ester, m.p. 115°, is prepared from citric diethyl ester amide, 
m.p. 74°, and benzoyl chloride. It is decomposed in the cold by aqueous sodium 
hydroxide into benzoic acid and a.9.-aconitimido-acid (p. 648) which is isomeric 
with citrazinic acid (see above) (Ber. 38, 3193) : 


C2H5O2CCH2-0(OCOCflH5)CON 


HO,CCH = 


>NH- 


=C— COv 

I >NH4-H02CCeH5 


CHj CO/ CH2CO/ 

t^oCitric acid, C02H CH(OH) CH (C02H)-CH2C02H (see Trichloromethyl 
paraconic acid, p, 612), readily passes into a ydactone dicarboxylic acid ; ester, 
b.p. 149°/14 mm., is formed by reduction of oxalosuccinic ester (Ann. 285, 7). 

a-Methyli«ocitric acid, C02H C(CH3)(0H) CH(C02H) CH2C02H, is formed 
from acetosuccinic ester, hydrocyanic, and hydrochloric acids. When separated 
from its salts it immediately changes into ^y-dicarboxy -y-valerolactone, which is 
also formed by oxidation of wopropylsuccinic acid, and from terebic acid by the 
oxidizing action of nitric acid, "^dien heated it decomposes into H2O, CO2, 
and pyrocinchonic anhydride (Ber. 32, 3861). 

(CH3)2C CH •CO2C2H5 

y-JJimethylbutyrolactone-OLp-dicarboxylic ester, | | , m.p. 

OCOCHCO2C2H3 

46°, b.p. 174°/12 mm., is prepared from j3*methylglycidic ester (p. 595) and sodium 
malonic ester. When boiled with hydrochloric acid, it yields terebic acid (p. 612) 


(C. 1906, II. 421). 


OLOL- Dim ethyl -y-hy dr oxytricxirhallylic lactone acid (Ber. 30, 1960), is formed from 
aa-dimethyl tricarballylic acid (see decomposition products of pinene (Vol. II). 

Cinchonic acid, b-Valerolactone-py-dicarboxylic acid, m.p. 168° (Ann. 234, 
85 : Ber. 25, R. 904), is produced when sodium amalgam acts on cinchomeronic 
acid or 3 : 4-pyridinedicarboxylic acid. When heated to 168° it breaks down 
into CO, and pyrocinchonic anhydride (p. 574) : 


N CH-CCO2H 

II I 

CH— CH-CCO2H 

Cinchomeronic acid. 


O CH,— CHCO,H 

• I I 

CO— CH,— CH-CO,H 
Cinchonic acid. 


CHa-C'COv 

-> 11 >0 

CHj-CCO/ 

Pyrocinchonic 

anhydride. 


15. KETONETRICARBOXYLIC ACIDS 

Carbethoxy oxaloacetic ester, oxalomalonic ester, C2H502C*C0'CH(C02C,H5)2, 
b.p. 220°/10 mm., is obtain^ from sodium malonic ester and ethyl oxalyl 
chloride (C. 1898, I. 440). Nitrogen derivatives of carboxy-oxaloacetio acid 
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include dicyarwynalonic ester, ^-cyaim-^-imino-\mmiccinic ester, NC*C(NH)CH- 
(00202115)2, m.p. 93°, which is prepared from cyanogen and malonic ester by 
means of sodium mothoxide (p. 543). It can be hydrolysed to dicyanomalonic 
moiio-ester, m.p. 238°, and imido-oxalomalonic mono-ester, m.p. 134° (decomp.), 
is reduced by sodium amalgam to oL-asparaqinecarhoxylic acid, NH2COCH(NH2)- 
0H(C02H)2, m.p. 120° (decomp.) (Ann. 332, 118). cc-Cyanooxaloacetic ester, 
02H502C*COCH(ON)C02C2H6, m.p. 96°, is formed from oxalic mono-ester 
chloride and sodium cyanoacetic ester. It is a strong acid (C. 1905, I. 1312). 

Acetonetricarhoxylic ester, 02H5O2C-CH2CO0H(C02C2H5)2, is formed from 
malonic ester and sodium (p. 543). Cyanoacetonedicarboxylic ester, 02H502C-- 
OH2000H(ON)002C2H5, m.p. 44°, is prepared from sodium acetonedicarboxylic 
ester and cyanogen chloride. Double decomposition of its salts with alkyl 
iodides produces 0-alkyl ethers of the unsaturated enol form (C. 1901, I. 883). 
cLy-Dicyanoacetoacetic ester, NC*CH2C0-CH(CN)C02C2H5, m.p. 88°, is prepared 
from chloroacetylcyanoacetic ester (p. 661) and potassium cyanide (Ber. 41 , 
2403). 

Oxalosuccinic ester, Et0-C0*C0 CH(C02Et)*CH2(C02Kt), b.p. 155°/17 mm., 
is obtained from oxalic and succinic esters and sodium ethoxide. Heat at 
ordinary pressure decomposes it into CO and ethenyl tricarboxylic ester (p. 646) 
(Ber. 27, 797). Since it is a jS-kctonic acid its alcoholic solution becomes coloured 
red with ferric chloride and forms a pyrazolone derivative with phenylhydrazine 
(Ber. 27, 797 : Ann. 285, 1). The sodium salt of the ester reacts with alkyl 
iodides, producing the O-oster of the enol modification. Hydrochloric acid 
decomposes the ester into COj and a-ketoglutaric acid, H02C CH2CH2C0-C02H 
{c.f. p. 623) (C. 1908, II. 768). 

OL-Acctotricarhallylic ester, CH3C0-CH(CO2C2H5)CH(C02C2H5)CH2(CO2C2H5), 
b.p. 175°/9 mm., is formed from chlorosuccinic ester or fumaric ester and sodium 
acetoacetic ester (Ber. 23, 3756 : C. 1899, I. 180). 

p-Acctotricarballylic ester, C2H502CCH2C(C0CH3)(C02C2H5)CH2C02C2H5, b.p. 
190°/16 mm., is prepared from sodium acetosuccinic ester and chloroacetic ester ; 
also it results as a subsidiary product during the formation of acetosuccinic ester 
(Ann. 295, 94). (See also a-Acetoglutaric acid, p. 624.) 


Olefine Ketotricarboxylic Acids 

a.-Acctoaconitic ester, Et0*C0-CH(C0CH3)*C(C02Et) : CH-COjEt, is formed by 
the reaction of chlorofumaric ester, chloro maleic ester or acetylenedi carboxylic 
ester with sodium acetoacetic ester (C. 1900, II. 92). 

16. TETRACARBOXYLIC ACIDS 
A. PARAFFINTETRACARBOXYLIC ACIDS 
I. All COOH-groups attached to same Carbon Atom 

Mcthanetctracarboxylic acid, C(COOH)4, is known in the form of its esters, 
which are obtained from the sodium derivative.s of the corresponding methane- 
tricarboxylic esters and chloroformic ester (Ann. 397, 3()1). Methyl ester, m.p. 
74°, b.p. 163°/12 mm. : ethyl ester, m.p. 13-5°, b.p. 173°/12 inin. By hydrolysis 
with sodium alcoholate, one carboxyl group is split oh and sodiomethanetricar- 
boxylic esters reproduced : acid hydrolysis produces malonic acid, and the 
action of ammonia yields malonamide and urethane. 


II. COOH-groups attached to different Carbon Atoms 

Formation. — (1) By the action of iodine on sodium malonic esters. (2a) 
From the sodium derivatives of malonic esters and alkylene dihalogenides or 
halogen malonic esters. {2b) From sodium tricarboxylic esters and halogen 
acetic esters. (3) By the addition of sodium malonic esters to the esters of 
unsaturated dicarboxylic acids, etc. Usually they are only known in the form 
of their esters. 

8ym.-Ethanetetracarboxylic acid, dimalonic acid, (C02H)2CH — CH(COOH)2, 
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m.p. 1 68®, heated to higher temperatures yields succinio acid. It is obtained from 
its ester by means of sodium hydroxide (Ber. 25, 1158). The ethyl eater, m.p. 
76°, b.p. 305° (decomp.), is produced by electrolysis (Ber. 28, R. 450), or by the 
action of chloromalonic ester or of iodine on sodium malonic ester ; and by 
heating dioxalosuccinic ester (p. 720): potassium hydroxide hydrolyses it to ethane- 
tricarboxylic acid with the elimination of COg (p. 646). See Ber. 28, 1722, for 
the dthydrazide . 

Sodium ethoxide converts ethanetetracarboxylic ester into a disodium 
derivative, which yields tetrahydronaphthalenetetracarboxylic ester (Ber. 17, 
449) with o-xylylene bromide, C 4 H 4 (CH 2 Br)g. 

Ethyletha^ietetracarhoxylic eater, Ber. 17, 2785. 

Dimethylethanetetracarboxylic eater, Ber. 18, 1202 : 28, K. 451. 

Diethylethanetetracarhoxylic eater, Ber. 21, 2085 : 28, R. 452. 

Alkylenedimalonic Acids. — Methylene-, ethylene,- and trimethylene-dima- 
lonic acids are included in this class. Their ethyl esters are produced when 
methylene iodide, ethylene bromide, and trimethyleno bromide act on sodium 
malonic esters ; also, by the action of aliphatic aldehydes on malonic ester in 
the presence of diethylamine, piperidine, and similar bases. In the latter case, 
the corresponding aldehyde amines are formed as intermediate compounds, 
such as methanol piperidine, CH 2 (OH)(NC 5 Hio), or methylene bis-piperidino, 
CH,(NC 5 Hio) 2 , which react with malonic ester to form alkylidenedimalonic 
esters. 

Meihylenedimaloni^ eater, dicarhoxyglutaric eater, propan e-OLOLyy-teiracnrhoxy lie 
eater, CH2[CH(C02C2H5)2]2, b.p. 205°/18 mm. ; dhnethyl eater, m.p. 48°, is formed 
(1) from formaldehyde or methylene iodide (Ber. 22, 3294 : 27, 2345 : 31, 738, 
2585), and malonic ester ; also (2) by reduction of )3-propylenetetracarboxylic 
ester (Ber. 23, R. 240). Ammonia produces the tctramide, CH 2 [CH(CONH 2 ) 2 l 2 » 
m.p. 249°, which, when heated above its melting point, passes into the diirnvdc, 
CH2[CH(C02)NH]2 (J. pr. Chem. [2] 66, 1). Sodium alcoholate and iodo-alkyls 
produce methylenedialkylmalonic esters, from which aa'-dialkylglutaric acids 
can be obtained by decomposition. 

Ethylidenediinalonic cater, CH3*CH-[CH(C02C2H5)2]2» is produced by the 
union of ethylideneraalonic ester (p. 564) and sodium malonic ester. 

Ethyleri^ditnalonic eater, butane-0L(x.hB4etracarhoxylic cater, {C02C2H5)2CH-- 
CH 2 *CH 2 ‘CH(COaC 2 H 5 ) 2 , is formed together with cyc/opropanedicarboxylic 
ester (Vol. II) when ethjdene bromide acts on sodium malonic ester (Bor. 19, 
2038). 

Alkylbutanetctracarboxylic eatera, Ber. 28, R. 300, 464. 

Trimethylenedimalonic eater, pcnUmt-OLCLeedetracarboxylic rater, (C02C2H5)2- 
C’H*CH 2 -CH 2 -CH 2 *CH(C 02 C 2 H 5 ) 2 , is formed, together with rydobutane dicar- 
boxylic ester {q.v.) in the action of trimethylene bromide on two molecules of 
sodium malonic ester. 

It is noteworthy that the disodium derivatives of the alkylenedimalonic esters 
are converted by the action of bromine or iodine, or of CH 2 I 2 and CHjBr-CHgBr, 
into cycZoparafl&itetracarboxylic esters. The alkylenedimalonic acids split off 
two COj-groups and yield alkylenediacetic acids ; so, too, the cycZoparaffin 
tetracarboxylic acids, obtained from the alkylenedimalonic acids, yield cyclo- 
paraffindicarboxylic acids : 


yCH(CO,C,Hj2 

CH,< 

\CH(CO,C,H,), 

Methylenedimalonic acid. 

CH2CH(C02C,H5)2 

I 

c:H2CH(CO,C,Hj)2 
Ethylenedlmalonic acid. 


yCH,CH(CO,C2H5)2 

ch/ 

\CH,CH(CO,C,H.), 

Trimethylenedimalonic acid. 


yCiCO^C^U,), 

\C(COaC2H5)2 
cydoPropanetetracar- 
boxylic acid. 

CH,C(CO,C,H.), 


CH,C(CO,C,H,), 
cydoButanctetracar- 
boxyllc acid. 

/CH,C(COaC2H5) 


yCHCOaH 
-> C'H2<( I 

\CHCO,H 
rj/doPropanedicar- 
boxyllc acid. 

CH 2 CHCO 2 H 

- I I 

CHjCHCOjH 
cj/doButanedicar- 
boxyllc acid. 

CHCOgH 


I ►CH,^ I 

H,C(CO,C,H,), \CH,— CHCOjH 


cydoPentanetctracar- 
boxyllc acid. 


cydoPentanedIcarboxylIc 
acid. 
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Propane-OLpPy-tetracarhoxylic CLcidy (H 02 C),C(CHaC 0 ,H) 2 , m.p. 161® with 
decomposition into CO 2 and tricarballylic acid (p. 647) ; ethyl e^ier, b.p. 295°/200 
mm., is prepared from sodium ethanetricarboxylic ester and chloroacetic acid. 

Tetracarboxylic acids are formed by the addition of sodium malonic and 
sodium alkylmalonic esters to the olefinedicarboxylic esters. These acids lose 
COg and become tricarballylic acids (p. 647) (J. pr. Chem. [2] 35, 349 : Ber. 24, 
311 : 24, 2889 : 26, 364). If citraconic ester be added to sodium malonic ester 
and sodium alkylmalonic ester, a further partial condensation takes place of the 
first-formed tetracarboxylic ester to cycZobutanonetricarboxylic ester (Vol. II) 
(Ber. 33, 3742) : 

CO 2 R CHjCOjR CO— CHCO 2 R 

I I ^ I I 

RO 2 CCH C(CH3)C02R RO 2 CCH— C(CH 2 )C 02 R. 

Propane-oLOiPy-tctracarboxylic esters (C 02 C 2 H 3 ) 2 CH*CH(C 02 C 2 H 6 )'CH 2 C 02 C 2 H 5 , 
b.p. 203°, is obtained (1) from fumaric ester and sodium malonic ester (c/. ethyli- 
denedimalonic ester) ; ( 2 ) from monochlorosuccinic ester and sodium malonic 
ester (Ber. 23, 3756 : 24, 696). Tricarballylic acid is produced when the ester 
is hydrolysed with alcoholic potassium hydroxide. 

Pentane-OLpyy -tetracarboxylic eater is formed from sodium ethyl malonic ester 
and fumaric ester. It yields a sodium salt, (C 2 H 302 C) 2 C(C 2 H 5 )-CH(C 02 C 2 H 6 )-- 
CHNa(C 02 C 2 H 5 ), which, with iodomethane, gives hexane- pyhS -tetracarboxylic 
ester {cf, p. 646) (Ber. 33, 3743). 

OLOL- Dimethyl- P'Cyayiotricarhally lie eatery b.p. 234°/25 mm., is prepared from 
sodium cyanosuccinic ester (p. 646) and bromowobutyric ester (C. 1899, I. 826). 
Boiling dilute hydrochloric acid hydrolyses it to aa-dimethyltricarballylic acid 
(p. 647). 

Butane-OLpyS -tetracarboxylic acidy CH 2 (C 02 H)CH(C 02 H)CH(C 02 H)CH 2 (C 02 H), 
iii.p, 244°, is prepared from a-malonic tricarballylic acid. Its dianhydrUIey m.p. 
173° (Ber. 26, 364: 28, 882). 

Pentane-OLpBe-tetracarboxylic acidy mcthylenedisuccinic acidy CH 2 [CH(C 02 H)- 
CH 2 (C 02 H)] 2 , m.p. 216° (decomp.) (C. 1902, II. 733). 

Heptane-oip^rj -tetracarboxylic acid, tritnethylenedisMccimc acid, 

H 02 CCH 2 \ yCH 2 -C 02 H 

>CH[CH 2 ] 3 *CH< 

HO 2 C / \cO 2 H 

m.p. 159°, is pT’oduood when hydrochloric acid effects the hydrolysis of trimethy- 
lene dicyanosuccinic ester, the reaction product of trimethylene bromide and 
sodium cyanosuccinic ester (C. 1899, I. 326). 

B. OLEFINETETRACARBOXYLIC ACIDS 

Ethyloietetracarboxylic ester, (C 2 H 502 C) 2 C— C(C 02 C 2 H 5 ) 2 , m.p. 58°, b.p. 
325°, is formed from disodium malonic ester and iodine ; from chloromalonic 
ester and sodium ethoxide (Bor. 29, 1290) ; and from bromomalonic ester and 
KgCOj or tertiary bases (Ber. 32, 860 : 34, 2077). 

Dicarboxyglutaconic acid, '}>ropylene-OL(xyy-tetracarboxylic ester, methenylbis- 
malonic eatery (C 2 H 502 C) 2 CH’CH = 0 ( 00 . 202 ^ 6 ) 2 , is formed from sodium malonic 
ester and chloroform or carbon tetrachloride (Ber. 35, 2881). It is an oil, which 
is converted by the action of piperidine in benzene solution into two dimolecidar 
modifications y m.pp. 103° and 88° ; these are transformed into the sodium salt 
of the ordinary ester by sodium alcoholate. The ester melting at 103° is hydro- 
lysed by hydrochloric acid into the bimeric glutaconic acid, m.p. 207°, whilst the 
ordinary ester, similarly treated, yields the simple glutaconic acid, m.p. 139° 
(Ber. 34, 675). Reduction with sodium amalgam produces the fluid dicarboxyl 
glutaric ester (p. 668). When heated it passes into the h-lactone, m.p. 94°, by loss 
of alcohol (Bor. 22, 1419 : 26, R. 9 : Ann. 297, 86). 

C 2 H 6 O 2 CCHCO 2 C 2 H 6 C,H602CC=C0C2H, 

I - C.H.OH I I 

CH > CHO 

II II I 

C 2 H 6 O 2 CCCO 2 C 2 H 6 


C 2 H 6 O 2 CC— CO 
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Aqueous alkali hydroxide decomposes it into formic acid and malonic acid, 
together with glutaconic acid (p. 575) (Ber. 27 , 3061 : C. 1897, I. 29, 229) (c/. 
also Ks-oaconitic acid (p. 648). Ammonia, hydrazine, and hydroxylamino causes 
the splitting-off of malonic estor from the dicarboxyglutaconic ester molecule and 
the formation of cyclic derivatives of hydroxymethylenemalonic ester (p. 615). 
Aniline combines w’ith it at in ethereal solution to form ^-anilinodicarboxy- 
gJutaric ester, m.p. 46*^, which, by further action of aniline, undergoes the decom- 
position described above (Ber. 30 , 1757, 2022). When sodium dicarboxygluta- 
conic ester is heated with alcohol to 150°, trimesic acid (Vol. II) is formed, a 
reaction which probably also depends on primary formation into hydroxy- 
methylenemalonic acid (C. 1901, II. 822). 

oiy-Dicyanoglutacomc ester, EtO-CO*CH(CN)*CH : C(CN)COOEt, m.p. 178°, 
and OLy'dicyanoglutaconic amide are formed from chloroform or carbon tetra- 
chloride and sodimn cyanoacetic ester or sodium cyanoacetarnide respectively 
(C. 1898, I. 29, 37: Ber. 26, 2881). 

Propylene -OL^yy-tetracurboTylic acid. A deriv^ative of this is OL-cyanoaconitic 
ester, C:SCH{COfiJl^)CiCO^C 2 U^) : CH^CO^CgHJ, b.p. 215725 mm., which 
results from the reaction of cyanoacetic ester, oxaloacetic ester, and sodium 
alcoholate. The sodium salt of the ester and iodomethano give fnst oL-cyano- 
OL- or -y-methylueonitic ester, b.p. 2ll°/25 mm., and then cl- cyano-OLy -dimethyl - 
aconitic ester, CX-C(CH3)(C02C2H5)-C(C0 : C(CH3)C02C2H 5, b.p. 206°/25 
mm. (C. 1906, II. 21). 

ButenetetracarboTylic ester, CH2(C02H)C(C02K)2CH : CH(C02R), b.p. 21()- 
218°/14 mm., is formed from sodium isaconitic ester and bromoacetic ester 
(C. 1902, II. 722). 



VII. THE PENTAHYDRIC ALCOHOLS AND 
THEIR OXIDATION PRODUCTS 


1. PENTAHYDRIC ALCOHOLS, PENTITOLS 

One of these, adonitol, occurs in nature ; all the rest have been 
obtained by the reduction of the corresponding aldopentoses with 
sodium amalgam. Their constitution follows from that of the aldo- 
pentoses from which they have been prepared (p. 672). The simplest 

pentitol, C6H,(0H)6 or CH^ OHCHOH CHOH CHOH CH^OH, can 
have five theoretical modifications, because in the formula two asym 
metric carbon atoms are present, and they are separated by a non- 
asymmetric carbon atom. There are two optically active modifica- 
tions, d- and \-arabitol. There is also an inactive resolvable modifi- 
cation, produced by the union of the preceding forms, and finally, 
there exist two optically inactive modifications due to internal com- 
pensation. These cannot be resolved, and are knovTi as xylitol and 
adonitol. The pentitols are oxidized to pentoses by bromine and 
sodium hydroxide (Bei. 27, 2486). The stereochemical relations of 
the pentitols are shown on p. 703. 

The number of possible classes of pentahydric alcohols is 21 ; that of the 
classes of substances which can bo termed oxidation products of the pentitols 
is 55, if the hydroxy -compounds are not divided into sub-classes accord- 
ing to the character of the alcoholic hydroxyls, otherwise the nmnber rises 
to 231. 

1. Z-Arabitol, C 5 H 7 (OH) 5 , m.p. 102°, is la^vorotatory after the addition of 
borax to its aqueous solution. It is produced by the reduction of ordinary or 
Z-arabinose (p. 074), and has a sweet taste (Ber. 24, 538, 1839 note). Benzal 
arabitol, m.p. 150° (Ber. 27, 1535). Diacetone arabitol, b.p. 145-152°/23 mm. 
(Ber. 28, 2533). d-Arabitol is dextrorotatory, and is produced by reduction 
of d-arabinose or d-lyxose. It combines with i-arabitol to form the racemic 
dZ-arabitol, m.p. 106° (Ber. 32, 555 : 33, 1802). 

2. Xylitol, CfiH 7 (OH) 5 , is syrup-like and optically inactive. It results 
from the reduction of xylose (p. 074) Ber. 24, 538 : 1839 note : R. 507 : 27, 
2487). 

3. Adonitol, C 5 H 7 (OH) 5 , rn.p, 102°, is optically inactive. It occurs in Adonis 
vernalisy and is produced by the reduction of ribose (p. 675) (Ber. 26, 633). 
Adonitol diformacetal, m.p. 145° (Ber. 27, 1893). Adonitol diacetone, b.p. 150- 
155°/17 mm. 

4. Rhamnitol, CH 8 -C 5 Hg(OH) 6 , m.p. 121°, is dextrorotatory; it results 
from the reduction of rhanmose (p. 075 ; Ber. 23, 3103). Dirnethylenerham nitol, 
CHa C6H804(CH2)80H, m.p. 138° (Ann. 299, 321). 

Aminotetrols ; Arabinamine, CH 20 H[CH( 0 H)] 8 CH 2 NH 8 , m.p. 99°, is la^vo- 
rotatory, and is formed from Z-arabinose oxime (p. 074) by reduction with sodium 
amalgam. It is a strong base, and is reduced by hydriodic acid to ?i-amylamine. 

Xylamine is prepared from xylose oxime, and is a colourless syrup (p. 674) 
(C. 1904, I. 579). 
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2. TETRAHYDROXYALDEHYDES, ALDOPENTOSES 

The tetrahydroxyaldehydes, the first oxidation products of the 
pentahydric alcohols, are closely related to the pentahydroxyaldehydes 
or aldohexoses, the first class of the carbohydrates in the more re- 
stricted sense, and are very similar in chemical behaviour. Whereas 
formerly the carbohydrates occupied a special position in the province 
of aliphatic chemistry, they are now found to be very closely allied 
to simpler classes of bodies. All aldehyde- and ketone-alcohols, which 
can be regarded as the first oxidation products of the simplest repre- 
sentatives of the polyhydric alcohols, contain, like the carbohydrates 
in a narrower sense, in addition to carbon, hydrogen and oxygen in 
the same proportion as exist in water, e,g. : 


CHO 

CHO 

CHO 

CHO 

CHO 

I 

CHjOH 

I 

CHOH 

1 

[CHOH]* 

j 

[CHOH], 

j 

[CHOH], 

Glycol yl 
aldehyde 
(Diose, C,H40,). 

j 

CHjOH 
Glyceroee 
(Triose, C,H, 0 ,). 

j 

CH 2 OH 
Erythritose 
(Tetroae, C4H8O4). 

1 

CHjOH 

ArabiDose 
(Pentose, CjHjoO,). 

j 

CHjjOH 

Dextrose 

(Hexose, C,H„ 0 ,). 


The simplest carbohydrates are the polyhydroxyaldehydes just 
mentioned, or ketone alcohols such as fructose, CH 20 H-[CH 0 H] 3 *C 0 *- 
CHjOH. 

The aldopentoses show the following reactions in common with 
the hexoses : 1. They form semiacetals {Glycosides)"^ when condensed 
with alcohols by means of a small quantity of hydrochloric acid (Ber. 
28, 1156) (see p. 689). 

16. They condense with mercaptans in the presence of liydrochloric 
acid to form inercapials (Ber. 29, 547). 

2. They form condensation products with aldehydes and with 
acetone in the presence of hydrochloric acid. 

3. They are reduced by sodium amalgam to alcohols : pentitols. 

4. Nitric acid oxidizes them to hydroxycarboxylic acids : tetra- 
hydroxymono- and trihydroxydicarboxylic acids ; they reduce Feh- 
ling’s solution. 

5. They yield osamines with metliyl alcoholic ammonia (Ber. 28, 
3082). 

6. Hydrazine converts the pentoses into aldazines (Ber. 29, 2308). 

7. Phenylhydrazine changes them to hydrazones and characteristic 
dihydrazones : osazones. 

8. They yield oximes with hydroxylamine. 

9. By successive treatment with hydrocyanic acid and hydrochloric 
acid they pass into pentahydroxyacids, the lactones of which may be 
reduced to hexoses (p. 682), whereby consequently the synthesis of a 
hexose from a corresponding pentose is realized. 

However, the aldopentoses are (1) not fermented by yeast ; (2) 
they yield furfuraldehyde or alkyl furfurals when they arc distilled 
with hydrochloric acid or with dilute sulphuric acid. This reaction 
can be applied in the quantitative determination of the aldopentoses 

♦ It has been suggested that the sugar semiacetals should be, in general, 
termed glycosides, the term glucoside being reserved for those derived from 
glucose itself. 
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(Ber. 25, 2912). (3) When they are heated with phloroglucinol and 

hydrochloric acid they give a cherry-red coloration (Ber. 29, 1202). 

Formation . — Their production from animal and vegetable sources 
will be indicated under the individual aldopentoses. However, a 
reaction will be given in this connection, which affords a general 
method for the conversion of aldohexoses into aldopentoses. 

On treating d-glucoseoxime (p. 693) with acetic anhydride and 
sodium acetate, the nitrile of pentaacetylgluconic acid is obtained. 
This, when treated with ammoniacal silver solution gives up hydro- 
cyanic acid, and is converted into (i-arabinose diacetamide CH,- 
OH*[CHOH] 3 CH(NHAc )2 which on hydrolysis with hydrochloric acid 
yields d-arabinose (Ber. 26, 737 : 32, 3666). 


CH=N(0H) 

I 

HCOH 

I 

HOCH 

HCOH 

I 

HCOH 

I 

CHaOH 

d-Glucoseoxime. 


CN 

I 

HCOCOCH 3 

I 

CH 3 COOCH 

I 

HCOCOCH 3 

I 

HCOCOCH 3 

1 

CH2OCOCH3 
Nitrile of pentaacetyl- 
giuronic acid. 


HCO 

1 

HOCH 

1 

HCOH 

I 

HCOH 

I 

CHa'OH 

d-Arabinosc. 


When d-glucose is oxidized with chlorine water it is converted into 
d-gluconic acid which is further changed by hydrogen peroxide in 
presence of ferric acetate into d-ara binose (Ber. 32, 3672) : 


CHO 

I 

HCOH 

I 

HOCH 

I 

HCOH 

I 

HCOH 

1 

CHaOH 

t/-Gluco8c. 


COgH 

I 

HCOH 

I 

HOCH 

I 

HCOH 

I 

HCOH 

I 

CH2OH 
d- Gluconic acid. 


HCO 

I 

HO-C-H 

I 

HC-OH 

I 

HCOH 

1 

CH2OH 

d-Arabinose. 


d-Arabinose is the first aldopentose to be prepared synthetically, 
as it may be obtained from d-glucose (p. 692) which can be 
synthesized. 

The two degradation methods described above have led to the 
following reactions : the production of I- and d-xylose from Z- and d- 
gulonic acid (see below and p. 674) ; lyxose from galactose and galac- 
tonic acid (p. 675) ; Z-erythritose and Z-threose from Z-arabinose and 
Z-xylose (p. 651) ; d- and Z-erythritose and Z-threose from Z- and 
d-arabonic acid and Z-xylonic acid, etc. 

The aldopentoses of the formula CH^OH CHOH CHOH CHOH - 
CHO, containing three asymmetric carbon atoms, can appear theo- 
retically in eight optically active isomers, and four optically active, 
racemic or dZ-modifications which can be resolved (p. 703). 

VOL. I. XX 
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Coristitvtion of Pentoses . — The constitution of the pentoses as 
represented with an internal oxide ring is based on the same argu- 
ments as those applicable to the hexoses and is discussed with the 
latter (p. 689). 

1. Arabinose. — Ordinary arabinose contains a 1 : r)-aniylcne oxide ring 
(J.C.S., 127, .‘b'iS). Derivatives of the 1 : 4-butylenc oxide structure, y-arabinose, 
such as y-methylarabinoside are also kno\^Ti (J.C.S. 127, 307). 

I-Arabinose, peciinose, m.p. 100^, is formed when cherry gum and other gums 
(p. 730) are boiled with dilute sulphuric acid (Ber. 35, 1457 : 37, 1210). Reduc- 
tion produces /-arabitol (p. 071), and oxidation Z-arabonic acid (p. 070) and Z-tri- 
hydroxyglutaric acid, m.p. 127'" ; hydrochloric acid gives rise to furfural. It 
is dextrorotatory y [aji) — -f 105*25'^, and it reduces Fehling’s solution. Methyl-l” 
arabino&idc, C5H905*CH3, m.p. 170° (Ber. 26, 2407 : 28, 1150), is prepared from 
arabinose, methyl alcohol and hydrochloric acid. The action of iodornethane 
and silver oxide produces methylation of the OH-groups, forming trimeihyl- 
meihylarabinoside, m.p. 44°, b.p. 124°/14 mm. Hydrochloric acid hydrolyses this 
substance to trimithylarabmomy (CH 30)30311,02, b.p. 148-152°/19 mm. (C. 1900, 
II. 1045). 

hArabwosazoiie, C3Hg03(N2HC<5H 3)2, m.p. 100" (Ber. 24, 1840, footnote). A ro- 
binosone (Ber. 24, 1840, footnote; 0. 1904, I. 579). l-ArabiNo.sC'pdrromopheyiyl- 
hydrazonCy m.p. 150—155° (Ber. 27, 2490). l-Arabiiioffc scniicarbazoncy m.p. 103° 
(decomp.) (C. 1897, II. 894). \-Arabinosc oximcy m.p. 133° (Ber. 26, 743), can 
be degraded to Z-er>'thritose (p. (>50), and reduced to Z-arabinamine (p. 071). 
Arabinose ethyl mercaptal, m.p. 125°. Arabinose ethylene ')ncrcaptaly m.p. 154°. 
Arabinose trimethylene mercaptalf m.p. 150° (Ber. 29, 547). Arabmocldoraly 
a-form, m.p. 124" ; )3-form, m.p. 183°. Arabhiobnnnal, C^HtiOs-CH-CBra, m.p. 
210° (Ber. 29, R. 544). Arabmose diaeeioney m.p. 42 (Ber. 28, 1 1 04). A rabinose 
tetranitrate y m.p. 85° (Ber. 31, 71). Acetochloroarabinoscy C3H6Cl(OCOCH3)3, m.p. 
149°, and acetobrornoarabinosey C3H6Br(OCOCH3)3, m.p. 137°, are prepared from 
arabinose and acetyl chloride and V)romide respectively. Siher acetate converts 
them into teiraacetylarabi nosey C3H 90(0C0CH3)4, m.p. 80° (C. 1902, I. 911). 
Tetracarbomethoxyarabinoscy m.p. 123°, [a]i, - 120-0'", is obtained from 

arabinose, chloroformic ester and absolute pyridine (J.C.S. 1926, 1752). 

\-Arahi 71 al, m.p. 81-83°, [a]i, — 202-8°, is obtained by reduction of triacetyl- 
bromoarabinose with zinc dust and 50% acetic acid, and corresponds in structure 
to glucal (p. 090) (Ber. 60, 918). 

\-Arabi}LodLsose {\-2-dtsoxyarabino8e), m.p. ea 90°, is formed from arabinal 
by contact with dilute acids ui 0 (Ber. 60, 918). 

cZ- Arabinose is prepared (1) by degradation of cZ-dextrose oxime ; from the 
reaction product it is best separated as the diphenyllrydrnzonr, C4H3(011)4CH 
KH(C«H3)2, which is decomposed by formaldehyde (C. 1902, 1. 985) ; (2) by oxida- 
tion of d-gluconic acid by H2O2 (above), or by heathig a solution (jf mercuric 
cZ-gluconate (C. 1908, I. 1106). It is lavoroiaiejryy [aJi, ~ — 165°. d-Arabin- 
osazoney m.p. 160°. d-Arabhtose diaceiarnidey C3Hji,04(NH •COCH3)2, rn.p. 187°. 

cZZ- Arabmose, m.jj. 164°, is jroduced by the union of the two oj)tically 
active forms of arabinose. It is one of the sugars found in the urine of a sufferer 
from pentosuria. This is of interest, since, so far, only optically active sugars 
have been found to be produced as a result of metabolism. It can be r(?solved 
by a^.-d-amvl phenylhydrazine (Ber. 38, 868). dX-Arabinasazoney m.p. 167° 
(Ber. 33, 2243). 

Derivatives of y- Arabinose (1 : 4-oxide ring). — y-M ethylarabinoside y a syrup 
showing mutarotation, [aju — 1° to — 42°, is obtained from arabinose and methyl 
alcoholic hydrogen chloride at 18°. Trimethyl-y-methylarabinosidey b.p. 85-87°/ 
0-3 mm., [aju — 55-8° (in water). Triinethyl-y -arabinose y b.p. 97-99°/0-18 mm., 
[aJi, — 39-5° (in water) (J.C.S. 127, 367). 

2. Xylose. (Presence of amylene oxide ring, see J.C.S. 123, 1352.) 

Z-Xylose, wood sugary C4H3(OH )4*CHO, m.p. 143°, is produced when wood 
gums (Ber. 22, 1047 ; 23, R. 15: C. 1902, I. 301), corn-cobs (Ber. 24, 1657), 
maize, or elder pith (Ber. 35, 1457) are boiled with dilut(< acids ; by the degrada- 
tion of Z-gulonic acid (p. 714) by hydrogen peroxide (Ber. 33, 2142) ; also, by 
pancreatic hydrolysis of nucloo-j)rotein8 (Ber. 35, 1467). It is dextrorotatory y and 
yields inactive xylitol (p. 671) on reduction ; oxidation converts it into Z-xylonic 
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acid (p. ()7(») and inactive trihydroxyglutaric acid, rn.p. 152"^. Hydrocyanic acid 
produces /-gulonic acid and Z-idonic acid (p. 714). \-Xylomzonvy m.p. 160 '. 

d-Xylose is obtained from d-gulonic lactone by degradation. It is hf vo- 
rotatory (Bor. 33, 2145). dl-XyloffazoftCj m.p. 210-215^, with decomposition 
(Ber. 27 , 24H8 : 33, 2145). Mvlhylxylofiidc, CftHgOft-CHs, a-, m.p. iir ; /3-, 
m.p. 156" (Bor. 28 , 1157). XylocMoral, m.p. 132° (Bor. 28 , R. 148). 

3. Lyxose, m.p. 101°, is prepared by reduction of lyxonic lactone (p. 67(>) ; 
from pontaacotylgalactonic nitrile by loss of hydrocyanic acid (Ber. 30 , 3103) ; 
and from d-galactonic acid and HgOg (Ber. 33 , 1798). Addition of hydrocyanic 
acid and hydrolysis produces galactonic and talonic acids (Ber. 33 , 2146). 

4. Ribose, C4H5(OH)4CHO, is produced by oxidation of Z-arabinose to 
Z-arabonic acid, conversion of this into ribonic acid (p. 676) and reduction of the 
lactone of this acid (Ber. 24 , 4220). 

Preparaiio^i of d-riho.sr, C. 1913, II, 1562. Ribose is a component of pancreas 
and liver nucleoproteins (see nucleic acids, p. 748). It is identified by means 
of its dihydrazone, m.p. 141-142°, with diphenylmethanedimethyldihydrazine, 
CH2 (CeH4 NMe-NH2)2 (Ber. 46, 3949). 

5. Apiose, p-hydroxyinethylerythritose, (CH20H)2C(OH)CH(OH)CHO, is pre- 
pared by hydrolysis of apiin, a glucoside occurring in parsley (Vol. II). It 
differs from the isomeric pentoses by reason of its branched carbon chain. Oxida- 
tion with bromine water produces tetrahydroxy?‘^ovaleric acid (Ann. 321, 71). 
Osazone, m.p. 150° (C. 1902, I. 912). 

6. Rhamnose, or isodnlcitol, CH3(CHOH)4CHO -f H2O, m.p. 93°, (Ring 
structure, see J.C.8. 1926 , 22 : Ber. 59 , 836) in anhydrous form ; m.p. 122-126° 
when crystallized from acetone. It is dextrorotatory (Ber. 29 , R. 117, 340). It 
results upon decomposing different glucosides {quercitriny xanthorhamnin^ rJiam- 
ninvae, a disaccharide, derived from galactose and rhamnose (C. 1900, I. 251), 
hesperidi n , iiarincjin) with dilute sulphuric acid. It yields a-methylfurfural when 
distilled with sulphuric acid (Ber. 22 , R. 751). 

It gives rise to rhamnitol upon reduction, and by oxidation Z-trihydroxj^- 
glutaric acid (m.p. 127°). HCN and hydrochloric acid convert it into rhamnose 
carboxylic acid (p, 714 : Ber. 22 , 1702) ; the oxioie has been decomposed into 
methyl tetrose (p. 651 : Ber. 29 , 1378) ; hydrazonCy m.p. 159°, and omzone, m.p. 
180° (Ber. 20 , 2574). Acetone rhamnoscy CgHioOg : C3H6, m.p. 90° (Bor. 28 , 
1162). Rhamnose ethyl rnercaptaly m.p. 136°. Ethylene mercaptaU m.p. 169° 
(Ber. 29 , 547). TetranitratCy m.p. 135° (Ber. 31 , 71). 

7. 'ZsoRhamnose has been obtained by the reduction of the lactone of i«orham- 
nonic acid. 

8. Chinovose, CH3[CHOH]4CHO, isomeric with rhamnose, is a product 
obtained by decomposing chinovin, occurring in varieties of quina and cinchona 
with hydrochloric acid. Osazone, m.p. 193-194° (Ber. 26, 2417). 

9. Rhodeose, CH3[CH(OH)]4CHO, is one of the methylpentoses obtained 
by decomposing the pentosides convovulin and jalapin (Vol. II). It is strongly 
dextrorotatory, and is the optical antipode to fucose. This substance is 
obtained by hydrolysis of the Fucus variety of sea-weeds with dilute sulphuric 
acid. Osazonty m.p. 177°. Determination of configuration (Ber. 40 , 2434). 

10. Digitoxose, CH3 [CHOH]3-CH2*CHO, is a desoxyhexose occurring in 
the digitalis glycosides. Its configuration has recently been established as 

H H H 

CH3 • C • C • C • CH2 CHO (Ber. 55, 75 : 63, 347). 

I I 1 

OHOHOH 

3. TETRAHYDROXYMONOCARBOXYLIC ACIDS 

Acids of this class are obtained by oxidizing the aldopentoses with bromine 
water or dilute nitric acid. They readily pass into lactones, some of which 
yield pentoses on reduction. Furthermore, oxidation changes them in part to 
dicarboxylic acids. Hydriodic acid reduces some of them to lactones of the 
monohydroxyparalfincarboxylic acids. All the known acids are opticallv active. 

Tetrahydroxy-/!- valeric acids, like the aldopentoses, occur in eight optically 
active forms, five of which are known, and foiu’ tZZ -modifications. 
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(1) ^-Arabonic acid, CO,H[CHOH]aCHaOH, = - 73-9°, is prepared 

from Z-arabinose (Ber. 21 , 3007). It readily yields a lactone^ ni.p. 95-98°, 

and is conv^erted by oxidation into Vlrthydroxygluiaric add ; phenylhydrazid(\ 
m.p. 215° (Ber. 23 , 2627 : 24 , 4219). TctraacctylA-arabonic nitrile, in.p. 117°, 
is produced from /-ara binose oxime, acetic anhydride, and sodium acetate. 
Silver oxide changes it into triacetyl-Z-erythrose (Ber. 32, 3(>()(i). 

d-Arabonic acid, [a]^ = d- 73*7°, is formed from d-arabinose and bromine 
water ; lactoiie, m.p. 98°. Oxidation by converts it into d-erythritose. 

dhArabonic lactone^ m.p. 116° (Ber. 32, 556). 

When heated tn 145° with aqueous pyridine Z-arabonic acid yields pyromucic 
acid, together with some 

(2) Z-Ribonic acid, which, under the same conditions, is partially recon- 
verted into arabonic acid. Ribonic lactone^ CgHaO^, m.p. 72-76° (Bor. 24, 4217) ; 
phenylhydrazide, m.p. 163°. 

(3) Z-Xylonic acid is prepared from Z-xylose and bromine. It yields a spar- 
ingly soluble bromocadmium double salt {cf. Ber. 35, 1473). Pyridine converts 
it into 

(4) d-Lyxonic acid ; lactone, m.p. 113° (Ber. 30, 3107) (see also Lyxose, 
p. 675) ; phenylhy dr azide, m.p. 162°. 

(5) Apionic acid, tetrahydroxy isovaleric acid, (CH20H)2C(0H)CH(0H)- 
COOH, is produced from apiose (p. 675) and bromine water. Pltenylhydrazide, 
m.p. 127°, is converted by hydriodic acid and phosphorus into isovaleric acid 
(Ann. 321 , 78). 

(6) Rhamnonic acid is formed from rhamnose and bromine, and passes 
directly into the lactone., CeHioOg, m.p. 150° (Ber. 23, 2992: Ann. 271, 73). 
Mcthylem rhamnonic lactone, CeH 8 (CH 2 ) 05 , m.p. 179° (Ann. 309, 323). When 
heated with pyridine to 150° it yields some 

(7) woRhamnonic acid, of which the lactone, m.p. 151°, when oxidized 
yields xylotrihydroxyglutaric acid (p. 677) (Ber. 29, 1961). 

(8) Saccharic acids is the name given to a number of tetrahydroxypentane- 
carboxylic acids which are obtained from the hexoses or disaccharides by the 
action of alkalis, or, better, liine-w^ater, accompanied by atomic migration. They 
readily pass into lactoiies, known as saccharins, which must not be confused with 
saccharine (Vol. II), a sweetening agent entirely unconnected with sugars and 
their associated compounds. 

CO o 

Saccharin, | | , m.p. 160°, possesses a bitter taste. 

CH3C(0H)'CH(0H}CHCH20H 
CO O 

isoSaccharin, \ \ , m.p. 95°. 

H0 CH2 C(0H) CH^ CH CHgOH 

CO O 

Metasaccharin, | | , m.p. 141°. 

H0CHCH2CHCH(0H)CH20H 

CO O 

ParcLsaccharin, | I » a syrup. 

H0CH2CH(0H)C(0H)CH2CH2 

Saccharin is produced by the action of lime-water on dextrose, Isevulose and 
invert sugar ; iso-, meta-, and para-saccharin from lactose or galactose and 
lime-water. W’hen reduced with hydriodic acid, saccharin and wosaccharin yield 
ay-diraethylbutyrolactone, whilst metasciccharin gives y-n.-caprolactono. Nitric 
acid converts saccharin into a-methyltrihydroxyglutaric acid {saccharonic acid) ; 
t^osaccharin into ay-dihydroxyglutaric-y-carboxylic acid, (H 02 C) 2 C( 0 H)CHjCH- 
(0H)C02H ; metasaccharin into a^S-trihydroxyadipic acid (see below) ; and 
parasaccharin to parasaccharonic acid and hydroxy citric acid (p. 678), HjOj 
(p. 673) brings about the degradation of iso- and para -saccharine to two keto- 
pentanetriols, H 0 CH 2 C 0 CH 2 CH( 0 H)CH 20 H, and HOCH 2 CH(OH) CO CH 2 CH 2 - 
OH, respectively ; metEwaccharin gives an aldotriose, metasaccharopentose, 
H0C CH2CH(0H)CH(0H)CH20H, the aldehyde of a jSyS-trihydroxy valeric acid, 
which is reduced by hydriodic acid to y-valeroleictone (Ann. 218 , 373 : 299 , 323 : 
Ber. 18 , 631, 2514: 35 , 2361 ; 37 , 3612: 38 , 2671 : 41 , 158). 
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4. TRIHYDROXYDICARBOXYLIC ACIDS 

Trihydroxy-7i.-glutaric acids, C 02 H[CH 0 H] 3 C 02 H, can theo- 
retically exist in four stereochemical modifications, corresponding 
with the four pentitols (p. 703), and in addition in an inactive form 
which can be resolved. 

d-Trihydroxyglutaric acidy d-arabotrihydroxyglutaric acid, m.p. 127°, is prepared 
from d-arabiiiose and nitric acid. I- Trihydroxy glutaric acid, m.p. 127°, is formed 
from Z-arabinose and nitric acid, as well as by the oxidation of rhamnose (p. 675) 
and sorbinose (p. 609) (Ber. 21, 3276). d\-Trihydroxyglutaric acid, m.p. 154°, 
results from the union of d- and Z-trihydroxyglutaric acid in acetone solution 
(Bor. 32, 558). 

i’Xylotrihydroxyglutaric arid, m.p. 152°, is formed when xylose is oxidized ; 
it corresponds with xylitol (p. 671). It is similar to, but not identical with, 
the racemic acid (Ber. 32, 559). 

i-Ribotrihydroxy glutaric acid results from the oxidation of riboso, and corre- 
sponds with adonitol (p. 671). It readily passes into a lactonic acid, CaHgOg, 
m.p. 170° (Ber. 24, 4222). 

Ethers. — d-ArabotrimethoxygluUxric acid is obtained by the oxidation of 
trimethyl-a-mothylarabinoside with nitric acid, and is identified as the diamidc, 
m.p. 232-233° [a]p + 50° (J.C.S. 127, 358). Xylo-trimcthoxy glutaric acid is 
similarly obtained by the oxidation of trimethylmethylxyloside and tetramethyl- 
glucose : its amide, m.p. 194°, is optically inactive (J.C.S. 1926, 350). 

Saccharonic acid,^ cL-trihydroxy-cL-methylglutaric acid, CH3C(0H)(C02H)- 
CH( 0 H)CH( 0 H)(C 02 H), is formed by the oxidation of saccharin (see above) 
w’ith nitric acid. It changes in a desiccator, or when heated, into a l®vorotatory 
CO O 

lactone, saccharoyie, 1 } , m.p. 145-156° (Ann. 218, 

CH3C(OH)-CH(OH)-CHC02H 

363). 

Hydriodic acid converts the lactone into a-methylglutaric acid (p. 55 8 ). 

Trihydroxyadipic acid, C 02 HCH( 0 H)CH 2 CH( 0 H)CH( 0 H)C 02 H, m.p. 
146° with decomposition, results from the oxidation of metasaccharin (see above) 
with dilute HNO 3 (Ber. 18, 1555 : 37, 2668). Heated with HI it is reduced to 
adipic acid. 


5. DIHYDROXYKETONEDICARBOXYLIC ACIDS 


The pyrone dicarboxylic esters, resulting from the condensation of acetone 
dicarboxylic esters with aldehydes, are cyclic anhydrides of the dihy droxy ketone - 
dicarboxylic acids. 


Dimcthyltctrahydropyronedicarboxylic ester. 


CO2C2HL 
CO 




COjCjH^>CH CH<ct,’ ™ ^ 
102 °, is formed from acetonedicarboxylic ester, acetaldehyde, and hydrochloric 
acid (Ber. 29, 994). 


6. TRIKETONEDICARBOXYLIC ACIDS 

Acetoncdioxalic ester, diethylxanthochelidonic ester, C 0 [CH 2 C 0 *C 02 C 2 H 5 ]|, m.p. 
104°, is obtained from acetone, oxalic ester, and sodium ethoxide. Hydrochloric 

acid converts it into ehelidonic ester, C'0<C^^~p^O m.p. 63°. Other 

acids, allied with this, are also derived from pyrone, ^^<CcH = CH^^ (Vol. II), 

such as a product of dehydration of carbonyl diacetoacetic ester, CO[CH(COCHj)- 
COgCjHgJj, prepared from copper acetoacetic ester and phosgene (Ber. 19 , 19). 
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7. DIHYDROXYTRICARBOXYLIC ACIDS 

Desoxalic acid, COjH-CHOH-C(OH)(COjjH)2, is a doliqiioscf'nt crystallino 
mass ; tricthyl ester, C02C2H5-CHOH C(()H) (C02C,H6)2, m.p. 78", b.p. ] r>(>72 mrn., 
results from the action of sodium amalgam on diethyl oxalate (Ann. 297 , 
9h). When its aqueous solution is evaporated, or when its eater is heated with 
water or dilute acids to 100°, the acid yields carbon dioxide and racemic acid, 
(p. Oof)) : 

H02C CH(0H)C(0H)(C02H)2 > HOoC CH(OH)CH(OH)C02H + CO,. 

hosoxalic acid. llaccniic acid. 

Acid radicals can be substituted for the two hydroxyl groups of the desoxalic 
ester. Heated with hydriodic acid, desoxalic acid gives otf carbon dioxide, 
and is reduced to succinic acid. 

Desoxalic ester and phenylhydrazine yield glyt)xylic ester phenylhydrazone, 
whilst nvonitrosomalonic estt^r and glycollic acid are the products of reaction 
with hydroxylamine (Her. 29 , R. 908). 

Hydroxycitric acid, OL^-hydroocytrwarhallylw acid, C02HCH,C(0H)(C02H)- 
CH(0H)C02H, m.p. 100^, accompanies aconitic, t ricarballylic, and citric, acids 
in beet juice, and is produced by boiling chlorocitric acid (from aconitic acid 
and HCIO) with alkalis or water (Ber. 16, 1078). It can b(‘ obtained pum by 
oxidation of parasaccharin (p, h7()) with nitric acid (Ber. 37, .‘1()14). 

ay-Dihydroxypropane-aay- tricarboxylic acid, oLy-dlhydroxycilaUtrlr-y-rar- 
iKtxylic acid, (C().,H).2C’((lH)CH2CH(OH)COOH, results from the oxidation of 
/.vosaccharin with nitric acid. It is a thick crystalline mass. At 100 it lostvs 
carbon dioxide, and forms ay-dihydroxyglutaric* acid. Hydriodic acid and 
phosphorus convert it into glutaric acid, C3H8(C(.>2l^)2 38, 2(>71). 


8. PENTACARBOXYLIC ACIDS 

Paraffin Pentacarboxylic Acids. — Propane-oiy.f^^y-penUicarhoxylic acid, a)3- 

diearboxytricarhallyJir acid, (CO,H)2CH-C(C().2H)2 CH,(X).2H, m.p. ir)0", is obtained 
from its penta-cthyl ester, the reaction product of sodium inalonic ester and 
chloroethanetricarboxylic ester (p. 046). 

Fropanc-OLOL^yy~])rfitaearhoxylic methyl ester, oiy-dicxirboxji tricar hall y lie ester, 
CH30.2C CH[CH(C02C’H^)2]2, m.p. 80", is pn‘pared from dichloroacetic ester and 
two molecules of sodium malonic ester ; also, by reduction of dicarboxyaconitic 
ester (see below) with zinc and glacial acetic acid (Ann. 347, 5). 

Butaar -(xcL^yy -])entara ! Jnjxylic methyl ester, ay-dicarboxy-a.-mcthyltricarb(dlyl ie 
<sl(r, (CH3()2C)2*CH CH(C02CH3)*C(CH3)(-(X)2CH3)2, m.p. 59°, is ol>tained l)y 
reduction of dicarboxyinethylaconitic ester. Thc‘se esters yield triearballylic or 
the stereoisomeric a-methyltricarballyUc acids on hydrolysis and expulsion of COj. 

Butane-Oi^Pyb-pentararboxylic ester, CgH 5t).2C CH2CH(C02C2H5)C(C02C2H5)2‘- 
CH2CO2C2H3, b.p. 217°/16 mm., is formed from chlorosuccinic ester and sodium 
ethenyl tricarboxylic ester. 

Olefine Pentacarboxylic Acids : Dicxirboxyacentitic pentamethyl ester, 
(CH302C)2'C : C(C02CH3)*CH(C02CH3)2, m.p. 62°, is formed by condensation of 
dichlorooxalic methyl ester and two molecules of sodiurri malonic methyl ester, 
instead of the expected dicarboxy-methyl-citric ester, which loses methyl alcohol : 

+ 2NaCH(CO,CH,), - C + 

‘2N*aCl + CH3OH. 

The ester, when hydrolysed, loses COj, and yields aconitic acid ; with sodium 
and iodomethane it forms oL-methyUlicurbetxy aconitic ester, Imtylcnc-oLOipyy -penta- 
carboxylic ester, CH3C(C02CH3)2C(C02CH3) : C(C02CH3)2. m.p. *8(>° (Ann. 347, 1). 

A'x- Butylene -OL^yyS-pentacarboxy lie eater, C2H 5C)2C*CH2C(C02C2H5)2C(C02C2> 
H5) : CHCOjCjHft, b.p. 230°/10 mm., is prej)ared from sodium ethenyl tricar- 
boxylic ester and chlorofumaric ester (Ber. 31, 47). Butylene -OLOiyyh-pentacar - 
fxjxylic ester, C2H502C-CH2C(C02C2H3)2CH : C(C02C2H3)2, b.p. 224°/ 12 inin., is 
formed from sodium dicarboxyglutaconic ester (p. 669) and chloroacetic ester 
(J. pr. Chem. [2] 66, 1, 104). 



VIII. HEXA- AND POLY-HYDRIC ALCOHOLS 
AND THEIR OXIDATION PRODUCTS 

I. POLYHYDRIC ALCOHOLS 

1 A. HEXAHYDRIC ALCOHOLS, HEXAHYDROXYPARAFFINS, 

HEXITOLS 

The hexahydric alcohols approach the first class of sugars (p. 683) 
— the monosaccharides — very closely. They resemble them in prop- 
erties ; tliey have a very sweet taste, but they do not reduce an 
alkaline copper solution, and are not normally fermented by yeast 
(r/., however, Z. physiol. Chern. 173, 72). d-Mannitol, d-sorbitol, and 
dulcitol occur in nature. These three and other hexitols have been 
prepared by the reduction of the corresponding hexoses — aldo- and 
keto-hexoses — with sodium amalgam. Moderate oxidation converts 
them into dextroses. The condensation products which the hexitols 
yield with aldehydes, especially formaldehyde and benzaldehyde, 
and with acetone, in the presence of hydrochloric acid or sulphuric 
acid, are characteristic of them (Ann. 299, 316 : Ber. 27, 1531 : 28, 
2531). 

Theory requires the existence of 28 classes of hexahydroxy- 
paraftin alcohols, which give rise to 79 classes of oxidation products, 
if the hydroxy compounds are included with those of the glycol oxida- 
tion products. The total number of sub -classes of oxidation com- 
pounds amounts to 434, of which 28 are free from alcoholic hydroxyls. 

The simplest hexitols with six carbon atoms contain four asym- 
metric carbon atoms in the molecule. According to the theory of 
van H Hoff and Lc Bel, 10 simple spacial isomeric forms are possible 
for such a compound. 

1. Mannitol or mannite, CH20H[CH0H]4CH20H, exists in tliree 
modifications : dextro-, Icevo-, and inactive mannitol ; the latter is 
identical with the oL-acritol made from synthetic oL-acrose or dMructose. 
It is the parent substance for the synthesis of numerous derivatives 
of the mannitol series (Ber. 23, 373), and also of glucose (p. 692) 
and of fructose (p. 698), as will be more fully explained under these 
bodies. 

Ordinary, or d-mannitol (configuration, p. 704), m.p. 166'', occurs 
frequently in jfiants and in the manna-ash (Fraxinus ornus), the dried 
sap of which is inanna. It is obtained from the latter by extraction 
with alcohol and allowing the solution to crystallize. It is produced 
in the ropy fermentation of the different varieties of sugar, and may 
be artificially prepared by the action of sodium amalgam on d-man- 
nose (p. 691) or d-fructose, together with sorbitol (Ber. 17, 127 : 
23, 3684). 
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Mannitol crystallizes from alcohol in delicate needles, and from 
water in large rhombic prisms. It possesses a very sweet taste. Its 
solution is dextrorotatory in the presence of borax. When oxidized 
witli care by nitric acid, it yields fructose (previously known as 
mannitose) (Ber. 20 , 831), and d-mannose (Ber. 21 , 1805). More 
vigorous oxidation with nitric acid produces d-mannosaccharic acid 
(Ber. 24 , R. 763) (p. 717), erythritic acid, and oxalic acid. Hydriodic 
acid converts it into /I- and y-hexyl iodide (Ber. 40 , 140). 

Wlien mannitol is heated to 200” it loses water and forms the anhydrides, 
maniiitan, CgHioOs, and mannidcy m.p. 87”, b.p. 176°/30 mm. The 

latter is also obtained by distilling mannitol in a vacuum. 

Esters. — Mannitol dichlorohydrin^ C^H 8 Cl 2 (OH) 4 , m.p. 174”, is formed when 
d-mannitol is heated with concentrat-ed hydrochloric acid. Hydrobromic acid 
yields the dibromohydriny m.p. 178”. 

NitromannitoJy mannitol hexatetranitratCy C8H8(0-N02)e, m.p. 113°, is obtained 
by dissohdng maimitol in a mixture of concentrated nitric and sulphuric acids. 
It crystallizes from alcohol and other in bright needles ; it molts when carefully 
heated and deflagrates strongly. \\Tien struck it explodes very violently. Alkalis 
and anunonium sulphide regenerate mannitol. Ammonia, or, better, pyridine, 
acting on hexanitromannitol, produces pentanitromannitoly m.p. 82° {C. 1901, 
II. 983 : Ber. 36, 794). 

d-Mannitol hexaxicctaUy CeHe(OCOCHa)8, m.p. 119° (Ber. 12, 2059), when 
left in contact with liquid HCl, changes into tetraacetyltyuinnitol dichlorohydriyi , 
CeH 8 (C 2 H 302 ) 4 Cl 2 , m.p. 214” (Ber. 35, 842). 

Hcxabcnzoyl mannitoly m.p. 149”. 

Mannitol trijormaly C6H80fl(CH2)3, m.p. 227” (Ann. 289, 20). 

Mannitol tribenzaly C6H80fi(CHC8H6)3, m.p. 213-217° (Ber. 28, 1979). 

Mannitol triacetoncy C4H804(C3He)3, m.p. 69°, is obtained from mannitol, 
acetone, and a little hydrochloric acid. It has a bitter taste (Ber. 28, 1168). 

/-Mannitol, m.p. 163-164°, is obtained by the reduction of /-mannose (from 
/-arabinose carboxylic acid, p. 712) in weak alkaline solution with sodium amal- 
gam (Ber. 23, 375). It is quite similar to ordinary mannitol, and in the presence 
of borax is lacvorotatcry. 

Inactive mannitol, d\-mannitoly m.p. 168”, is produced in a similar manner, 
from inactive mannose (from d/-mannonic acid). It is identical with tho syn- 
thetically prepared a-acritol (from a-acrose, p. 699) (Ber. 23, 383). It resembles 
ordinary mannitol, but in aqueous solution is inactive even in the presence 
of borax. Nitric acid oxidizes it to inactive mannose and inactive rnannonic 
acid. The latter can be resolved into d- and /-rnannonic acids (Ber. 23, 392). 
d- and /-Mannonolactones may be reduced to d- and /-mannoses, and these to 
d- and /-mannitols. All of these compounds have been synthesized in this way. 

2. d- and /-Iditols are colourless syrups formed by the reduction of d- and 
/-idoses ; tribenzal compounds, m.p. 219-223” (Ber. 28, 1979). 

3. d-Sorbitol (configuration, p. 705), CH20H(CH0H)4CH,0H -f HaO, m.p. 
75” (anhydrous, 104—109°), occurs in mountain-ash berries, forming small crystals 
which dissolve readily in water. It is produced in the reduction of d-dextrose, 
and together with d-mannitol in the reduction of d-fructose (p. 698) (Bor. 23, 
2623). It is reduced to secondary hexyl iodide (Ber. 22, 1048) when heated 
with hydriodic acid. 

Sorbitol trifonnaly C4H804(CH2)3, m.p. 206° (Ann. 289, 23). 

Triacetone sorbitoly C4H80g(C3H4)g, m.p. 45°, b.p. 172°/25 mm. 

/-Sorbitol, m.p. 76”, is obtained by tho reduction of /-gulose (p. 696) Ber. 
24, 2144). 

4. Dulcitol, jnelampyrin y CH20H(CH0H)4CH20H (configuration, p. 705), 
m.p. 188°, occurs in various plants, and is obtained from dulcitol manna (originat- 
ing in Madagascar). It is produced artificially by the action of sodium amalgam 
on d-galactosc!. It crystallizes in large monoclinic prisms, having a sweet taste. 
It dis^lves in water with more difficulty than mannitol, and is almost insoluble 
even in boiling water. Its solution remains optically inactive even in the presence 
of borax (Ber. 25, 2564). Hydriodic acid converts it into the same hexyl iodide 
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that mannitol yields. Nitric acid oxidizes dulcitol to mucic acid. (Ber. 20, 
1091). 

Hexaacetyl d'ulcitol, m.p. 171°. 

Dimethylenc dulcitol, C8HioOe(CH2)2, m.p. 244° (Ann. 299, 318). Dibenzal 
dulcitol, CeHioOg(CHC9H6)2, m.p. 215-220° (Ber. 27, 1554). Diacetone dulcitol, 
CeHioOe(CaH6)2, m.p. 98°, b.p. 194°/18 mm. (Ber. 28, 2533). Dulcitol hexanitrate, 
m.p. about 95°. Dulcitol pentanitratc, m.p. about 75° (Ber. 36, 799). 

6. d-Talitol, m.p. 86°, is produced in the reduction of d-talose. 

Tribcnzal-d-talitol, m.p. 206° (Ber. 27, 1527 : C. 1908, I. 1529). 

dZ-Talitol, m.p. 66°, is formed by the reduction of the body produced when 
dulcitol is oxidized with PbOg and hydrochloric acid (Ber. 27, 1530). 

6 . Rhamnohexitol, CH 3 [CH0H]5 CH20H, m.p. 173°, is formed when 
rhamnohexose (p. 698) is reduced with sodium amalgam (Ber. 23, 3106). 

7. Glucamines. — These bodies stand in the same relation to the hexose 
imines and amines (p. 699) as the hexitols to the hexoses. They are formed 
(1) from the hexose oximes, and (2) the hexoseamines by reduction with sodium 
amalgam. 

d-Olucaminc, CH20H [CH0H]4CHNH2, m.p. 128°, is prepared from dextrose 
oxime and also from wodextrosamine (p. 760). It is a strong base, and is dextro- 
rotatory. Together with the above is formed d-manoamine, m.p. 139°. 

d-Oalactaoiinc , m.p. 139°, is Isevorotatory (C. 1902, II. 1356 : 1903, II. 1237 : 
1904, I. 871). 


1 B. HEPTAHYDRIC ALCOHOLS 

Perseitol or niannolieptitol, C7H0(OH)7, is known in three modifications : 
d-mannoheptitol, m.p. 187°, \-?)iannoheptitol, m.p. 187°, and dd-mannoheptitol, m.p. 
203°. d-Mannohoptitol or perseitol occurs in Laurua persea, and is obtained, 
like the other two modifications, by the reduction of the corresponding manno- 
heptoses (Ber. 23, 936, 2231). dZ-Mannoheptitol is formed when equal quantities 
of d- and /-mamioheptitol are mixed (Ann. 272, 189). Hydriodic acid reduces 
it to hexahydrotoluene (Ber. 25, R. 503). 

a-Glucoheptltol, CH2OH(CH0H)5CH20II, m.p. 128^, is obtained from a- 
glucohcptose (p. 700 : Ami. 270, 81). Triacetone-oi-glucoheptitol, C2Hio07(C3Ha)3, 
b.p. 200°/24 mm. (Bor. 28, 2534). 

a-Galaheptitol, C7Hie02, m.p. 183°, is obtained from a-galaheptose (p. 700). 

Volemitol, C7H9(OH)7, m.p. 156°, dextrorotatory, is found in the pileated 
mushroom, Lactarius volemus (Ber. 28, 1973), and in the Primulacece (C. 1902, 
II. 1513). 

Anhydro-nonaheptitol, C3H13O3, m.p. 156°, is formed from acetone and 
formaldehyde with lime and water. It is an anhydride of the heptahydric 
alcohol [CHgOHJa i C CH(OH)C i [CH20H]s (Ber. 27, 1089 : Ann. 289, 46). 

1 G. OCTAHYDRIC ALCOHOLS 

a-Glucooctitol, GHjOHLCHOHJ^CHaOH, m.p. 141°, is obtained from 
a-glucooctose (p. 700: Ann. 270, 98). 

d-Mannooctitol, CHa 0 H[CH 0 H]gCH 30 H, is produced from meuinooctose, 
m.p. 258°. It dissolves with difficulty in water. 

1 D. NONOHYDRIC ALCOHOL 

Glucononitol, C 3 H 30 O 9 , m.p. 194°, is obtained from glucononose (Ann. 270, 
107). 


2 and 3. PENTA-, HEXA-, HEPTA-, AND OCTO- 
HYDROXYALDEHYDES AND KETONES 

Tho long-known representatives of the first class of carbo- 
hydrates, which are produced by hydrolysis from the more complex 
carbohydrates, the disaccharides (p. 721 ), like sucrose, maltose, and 
lactose, and from the polysaccharides, — e.g, starch, dextrin, cellulose, 
and others, — are pentahydroxyaldehydes and pentahydroxyketones. 
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The most important sugar of tl>e first class is gluc(w, formed to- 
irether with frurtoso 1>\- the iivtirolysis of sucrose. It also occurs as 
the final product of tlu' livdroivsis of starcli and of dextrin. CIucosc^ 
and fructose have aircadv been referred to with ethyl alcohol, in 
connection M'ith its formation by alcoholic fermentation (p. J4t»). 

The aldein-de character of these bodies is infern-d from the ready 
oxidation of ‘certain dextro.ses to monocarboxylic acids, and their 
reduction to hexahydric alcohols. Zindr (188(1) was the first (Bor. 
J3, 641 Anm.)to suspect that ketone alcohols were rcfiresentcd among 
the hexoses. Kiliani, in 1885, investigating the HCN addition prod- 
ucts, proved that glucose must be regarded as an aldehyde alcohol, 
and fructose as a ketone aJcohol. Hence, it is customary to distin- 
guish aldoses and ketoses. The same chemist also showed that arabi- 
nose was an aldopentose, and in so doing laid the basis of an extension 
of the idea of carbohydrates. What was lacking was a method of 
synthesis. Sugar-like bodies had already been obtained from form- 
aldehyde (p. 235), but Emil Fischer first demonstrated that a well- 
defined sugar, d-acrosc, could be isolated from it. This, as will be 
observed later, became in his hands the starting-point for the syn- 
thesis of glucose and of fructose. 

By reducing the lactones of the polyhydroxycarboxylic acids to 
hydroxyaldehydes or aldoses, Fischer developed a method for the 
preparation of higher hydroxyaldehydes from the polyhydroxycar- 
boxylic acids obtained synthetically from aldoses by the addition of 
hydrocyanic acid and subsequent hydrolysis. In this way carbo- 
hydrates, containing seven, eight, and nine carbon atoms in the 
molecule, were gradually built up (p. 700). 

The hexoses mostly crystallize badly, and for their isolation and 
recognition phenyl hydrazine and its derivatives were used. This, 
Fischer also discovered, gave the very best assistance. Wohl showed 
how the oximes of the aldoses could be utilized for their degradation 
(p. 673). 

The monosc character of a compound is due to its constitution, as 
an aldehyde alcohol, — CH(OH)*CHO, or a ketone alcohol, — CO-CHg*- 
OH, in which the aldehyde and ketone group is directly combined 
with an alcohol group or groups. We thus have monoses containing 
not only six, but also a less or greater number of carbon and oxygen 
atoms. They are named according to the number of the oxygen 
atoms. 

The simplest aldose, glycolyl aldehyde, CH 2 OH CHO, is an 
aldodiosc. Glyceric aldehyde, CHjOH-CHOH-CHO, and dihydroxy- 
acetone, CH 20 H*C 0 CH 20 H, represent an aldotriose and a ketotriose 
(p. 589). The aldehyde and ketone of erythritol are aldo- and keio- 
ietroses, as just developed under the pentoses (p. 650). Following the 
latter are the hexoses. In this class belong the real sugars ; glucose , 
fructose, and galactose. 

In addition to the long-known hexoses — glucose, fructose, and 
galactose — many others have been discovered through Fischer’s in- 
vestigations. The hexoses will be considered in immediate connec- 
tion with their corresponding hexahydric alcohols. Then follow the 
heptoses, octoses, and nonoses, as well as the oxidation products of 
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these aldehyde and ketone alcohols : the polyhydroxymonocarboxylic 
acids, the polyhydroxyaldehydrocarboxylic acids, and the polyhydroxy- 
polycarboxylic acids. After the consideration of all these, the higher 
carbohydrates, the disaccharides, and the polysaccharides, which are 
the anhydrides of the hexoses, will be brought together and fully 
discussed (p. 721). 

2 A. PENTAHYDROXY ALDEHYDES AND 3 A. PENTAHY- 
DROXYKETONES : HEXOSES, MONOSES 

RcfcrcthCfs : Preparation, properties and derivatives of hexoses, see Ahder- 
haldc^iy Handbuch der biologischen Arbeitsmethoden, Lfgen. 52, 72, 83 : G. 
Zr.mjdcn, Kohleiiljydrate : H . P ring ah, dm ^ Zuekerchemio, 1925 : W. N. Haworth^ 
Constitution of sugars, London, 1929 : E. V. and K. F. Armstrong y Glycosides, 
London, 1931 : Constitutional investigation between 1923 and 1926, see J. 
LdhowilZy /. angew. Chern. 1926 , 1143, 1240. 

Ocxurnmce. — Some hexoses occur widely distributed in the free 
slate in the vegetable kingdom, especially in ripe fruits. Esters of the 
glucoses (from yh^yvi;, sweet) with organic acids are also frequently 
found in plants. They arc^ called glucosides* — e.g. salicin, amygdalin, 
coniferin, the tannins, which arc dextrose esters of the tannic acids, 
etc. The glucosides are split into their components by ferments, 
acids, or alkalis. 

Formations. — (1) They are formed by the hydrolytic decomposi- 
tion of all di- and poly-saccharides, as well as of glucosides, by fer- 
ments (p. 755) (Ber. 28, 1429), or by boiling them with dilute acids. 
(2) rf-Mannose and ^/ fructose have been made artificially by oxidizing 
d-mannitol. (3) A far more important method pursued in the forma- 
tion of the dextroses is to reduce the monocarboxylic lactones with 
sodium amalgam in acid solution {Fischer, Ber. 23, 930). (4) Different 

optically inactive hexoses, particularly a-acrose or c^/-fructose (p. 699), 
have been directly synthesized by the condensation of formic aldehyde, 
CHgO, and glyceric aldehyde. 

The dZ-fructose, prepared in this way by Fischer, is the parent 
substance for the complete synthesis of the naturally occurring man- 
nitol, glucose and fructose. 

Properties. — The hexoses are mostly crystalline substances, very 
soluble in water, but dissolving with difficulty in alcohol. They 
possess a sweet taste. The representatives of the hexoses occurring 
in nature rotate the plane of polarization, when in solution, either to 
the left or to the right. The stereoisomers of the more important 
hexoses found in nature have been prepared artificially, and by the 
union of the corresponding dextro- and la^vo-forms the optically in- 
active dZ-varieties have been obtained. One of these, dZ-fructose or 
a-acrose, as previously mentioned, has been directly synthesized. 

Reactions . — The hexoses show the general reactions of the alcohols, 
the aldehydes, and the ketones. 

(1) The alcoholic hydrogen of the hexoses can also be replaced 
by metals on treating them with CaO, BaO, and PbO, forming saccha- 
rates, which correspond with the alcoholates, and which are decomposed 
by carbon dioxide. 


* See footnote on p. 672, 
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(2) On treating the alcoholic solutions of the hexoses with a little 
gaseous hydrochloric acid, their ethers result : glucosides of the 
alcohols (Ber. 26 , 2400 : 29 , 2927) (see p. 689). 

(3) The hexoses combine with aldehydes, particularly with chloral, 
and with ketones, in the presence of inorganic acids, with an accom- 
panying loss of water (Ber. 28 , 2496). 

(4flf ) The hydrogen of the hydroxyls can be readily replaced by acid 
radicals. A mixture of nitric and sulphuric acids (p. 373) converts 
them into esters of nitric acid (Ber. 31 , 73) — so-called nitro-compounds 
(p. 583). The acetyl esters are best obtained by heating the sugars 
with acetic anhydride and sodium acetate or ZnClg, whereby five 
acetyl groups are thus introduced (Ber. 22 , 2207). The pentabenzoyl 
esters are prepared with even less difficulty, it being only necessary 
to shake the hexoses with benzoyl chloride and sodium hydroxide 
(p. 374) (Ber. 22 , R. 668: 24 , R. 791). 

The esters of p-toluenesulphonic acid are very readily obtained 
by the action of T^-toluenesulphonyl chloride on the hexoses. The 
hexosephosphoric esters (p. 695) are of great importance as com- 
ponents of the nucleic acids (p. 748) and as intermediate compounds 
in alcoholic fermentation (p. 140). 

Estimation of the entering acvl groups, see Ber. 12 , 1531 : Ann. 
220 , 217 : Ber. 23 , 1442. 

(46) The action of silver oxide and methyl iodide, or of dimethyl 
sulphate and alkali on the hexoses, or on the glucosides referred 
to above (2), leads to the formation of methyl ethers of these 
compounds. 

5. The action of chlorosulphonic acid leads to the formation, as 
in the case of the monohydric alcohols, to the formation of alkyl- 
sulphuric acids (Ber. 17 , 2457) : similarly, by the action of chloro- 
formic ester in absolute pyridine, one or more carbalkoxy-groups can 
be introduced (J.C.S. 1926 , 1751). 

6. Like other hydroxy cumpounds, the hexoses react with phenyl 
i^ocvanate to produce phenylurethanes (Ber. 18 , 2606 : C. 1904, I. 
1068). 

The following reactions depend upon the aldehyde and ketonic 
character of the hexoses : — 

1. On reduction they yield the corresponding hexahydric alcohols, 
e.g, rf-mannose and rf-fructose yield d-mannitol, with some rf-sorbitol, 
galactose yields dulcitol, and glucose sorbitol, with some mannitol. 

2. The oxidation of the hexoses is readily brought about by mild 
oxidizing agents, and the hexoses therefore behave as mild reducing 
substances. 

They reduce the salts of the noble metals, with precipitation of 
the metal, and reduce ammoniacal silver solutions in the cold. Their 
property of reducing alkaline copper solutions with the precipitation 
of cuprous oxide is characteristic, and is made use of in their detec- 
tion and estimation. One molecule of glucose preci 7 )itates approxi- 
mately five atoms of copper as CujO. FeMijufs solution, prepared 
from copper sulphate, sodium potassium tartrate (Rochelle salt) and 
sodium hydroxide is frequently used for the purpose, but Benedict's 
eolutiem, prepared from copper sulphate, sodium citrate and sodium 
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carbonate has certain advantages. It is less alkaline than Fehling’s 
solution, and is therefore less likely to destroy small amounts of sugar, 
and is also rather less easily reduced by certain other substances such 
as uric acid and creatinine which occur in urine. The oxidation- 
products of the hcxoses formed by the action of Fehling’s solution 
varies according to the concentration, and consist partly of penta- 
hydroxycarboxyhc acids (p. 711) and partly of acids of lower carbon 
content down to formic and carbonic acids (Ann. 357, 259). 

The hexoses are converted into their corresponding monocar- 
boxylic acids (p. 711) by moderated oxidation with chlorine and 
bromine water, or silver oxide. The ketoses are more stable than 
the aldoses towards bromine and iodine solutions (see p. 694). 

More energetic oxidation changes them to saccharic or mucic 
acids. 

(3) The aldohexoses in concentrated solution produce a red colora- 
tion in a sulphite-fuchsine solution (Schiff’s reagent). The penta- 
acetyl and pentabenzoyl derivatives of the hexoses no longer show 
this aldehyde reaction (Ber. 21, 2842 : 22, R. 669). 

(4) The aldoses yield mercaptals with mercaptans, in the presence 
of hydrochloric acid (Ber. 27, 673). 

(5) Oximes are produced when alcoholic hydroxylamine acts on 
the hexoses. To break down the aldoses, the acetyl hydroxy-acid 
nitriles, obtained from the aldoximes and acetic anhydride, are spHt 
into hydrocyanic acid and acetyl pentoses (p. 673) (Ber. 24, 993 : 
26, 730). This reaction has more recently been employed in a modi- 
fied form for the degradation of the reducing disaccharides (Ber. 59, 
1254). 

(ба) OsainiiiGS are forraed when the hexoses are acted on with methyl alcoholic 
ammonia. 

(бб) The hexoses and aniline, as well as its homologues, yield the anilides — e.g, 
dextrose anilide, CH20H[CH0H]4CH : NC^Hg, which form cyanides with HNC 
—e.q. anilidodextrose cyanide, CH20H[CHOH]4CH(CN)NHCeH5 (Ber. 27, 
1287). 

(7) Hydrazine converts the aldohexoses into aldazines, and the ketohexoses 
into ketazines (p. 693) (Ber. 29, 2308). 

(8) The compounds formed with phenylhydrazine and its deriva- 
tives are especially important. 

(a) If one molecule of the hydrazine, as acetate, is allowed to act, 
the first product will be a hy^azone, C 6 Hi 205 -(N-NH C 6 H 5 ). This 
class of compounds dissolves readily in water (with the exception of 
those derived from mannose and some disaccharides, Ber. 23, 2118). 
They generally crystallize from hot alcohol in colourless needles. Cold 
concentrated hydrochloric acid resolves them into their components. 
Benzaldehyde is also an excellent reagent for the decomposition of 
the phenylhydrazones (Ann. 288, 140). 

With as.-diphenylhydrazin© the slightly soluble diphenylhydrazones are 
mainly formed (Ber. 23, 2619, etc.). Benzylphenylhydrazine is very well suited 
for the preparation of pure sugars : the benzylphenylhydrazones are decomposed 
by formaldehyde, whereby the sugar is liberated and JormcUdehyde benzylphenyl- 
hydrazone, m.p. 41°, is formed (Ber. 32, 3234). Also, aA*.-methylphenylhydrazine, 
bromophenylhydrazine, and jS-naphthylhydrazine have been recommended from 
time to time for the precipitation and separation of the sugars (Ber. 35,4444, etc.). 
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(b) In the presence of an excess of phenyl hydrazine the hexoses 
combine with two molecules of it upon application of heat and form 
the osazo7i€s (E. Fischer) : 

C6Hi20e + 3H.NNllt\H,-C\HjoO,(N-NUC«H5),-f2H,() + Cen5NH,4-NH3. 

Gluctxjazone. 

In this reaction a hydrazone is first produced, and one of its alcohol groups, 
adjacent to either an aldehyde or ketone group, is oxidized to CO, two hydrogen 
atoms in the presence of excess of phenylhydrazine appearing as aniline and 
ammonia ; the aldehyde- or keto-group, wdheh is formed, reacts further on 
a second molecule of phenylhydrazine. One and the same (jlucosazotu% CHgOH-- 
(CHOH) 3 -C(N 2 HCeH 5 )-CH(N 2 HCeH,) (Per. 23, 2118), is thus obtained from 
tZ-mamiose, d-glucose, and d-fructose. This indicates that the four carbon 
atoms which do not react with phenylhydrazine have the same stereochemical 
configuration. 

The reaction is carried out by adding three parts of phenylhydrazine, two 
parts of 50 per cent, acetic acid, and about twenty parts of water to one part of 
dextrose. This mixture is digested for about one hour upon the water bath. 
The osazone then separates in a crystalline form (Ber. 17 , 679 : 20 , 821 : 23, 

2117). 

It is of importance in the separation of aldoses and ketoses that with a.y. -alkyl 
phen 3 ^ 1 hydrazines, such as a-methylphenjdhj'drazine, only the ketoses yield the 
yellow methylphenylosazones, whilst the aldoses give the simple colourless hydra- 
zones (Ber. 35, 959, 2(320). 


The osazones are yellow-coloured compounds (see Tartrazine, j). 
663). They are usually insoluble in water, dissolve with difficulty in 
alcohol, and crystallize quite readily. When glucosazoiie is reduced 
with zinc dust and acetic acid it becomes converted into nvoglucosa- 
mine (p. 7tK»). Nitrous acid converts the latter into J.evulose (Ber. 
23, 2110). The re-formation of tlie hexoses from tlieir osazones is 
readily effected by digestion with concentrated hydrochloric acid ; 
they are then resolved into phenylhydrazine and the osoties (Ber. 22, 
88: 23, 2120: 35, 3141) : 

JIJ, + 2 H 2 O = CH20H(CH0H)3(:()CH0 + 2N2H3CflH,. 
(jlufusazone. Glucosoiie. 

The osones dissolve readily in water, and have not been obtained 
pure. They are also formed from aldoses and ketoses directly by 
oxidation with HgOg in presence of ferrous salts (C. 1902, 1. 859). 
They combine, like keto-aldehydes, with two molecules of phenyl- 
hydrazine and form osazones. They are converted into ketoses by 
reaction, as when digested with zinc dust and acetic acid. In this 
way fructose is obtained from glucosazone (Ber. 23, 2121). 

The osones, like aU orthodicarbonyl compounds, yield quinoxaliru^s 
(Ber. 23, 2121) with the o-diamines. The hexoses also combine 
directly with the o-phenylenediamines (Ber. 20, 281). 

Synthetic and Degradation Reactions of the Hexoses. 

(1) Synthesis. — Being aldehydes or ketones, the hexoses combine 
with hydrocyanic acid, forming cyanohydrins, which yield monocar- 
boxylic acids (p. 715). Their lactones can in turn be reduced to 
aldoses by means of sodium amalgam, whereby the synthesis of the 
next higher monose is achieved. Usually in the hydrogen cyanide 
addition the nitriles of both the acids possible theoretically are pro- 
duced, but not in equal amounts. 
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These two reactions make possible the genetic connection of the following 
aldoses (Ber. 27 , 3192) : 


^ Z-Mannose 

Z-Arabinose 

^ Z-Glucoso 
^ Z-Idose 

Z-X y lose 

^ Z-Gulose 

Khamnose ^ d-Rharniiohexoso 

t/-Mannoso — d-Mannolicptosc 

^ a-Glucoheptosc 

cZ -Dextrose 

^ j3-Gliicoheptose 
^ a-Galaheptose 

cZ -Galactose 

^ jS-Galaheptose 


Z-Mannoheptose 


Rhamnoheptosc ^ Rhamno-octose 
-> d-Manno-octosc ^/-Maijnonorjose 
^ a-Gluco-octose Glucononose 

^ )3-Gluco-octo80 

Galaoctose 


2. The degradation of the aldohexoses to tlie aldopentoses, either 
through their oximes {WoM) or by the action of hydrogen peroxide 
on the gluconic acids, has already been discussed (p. 673). The degra- 
dation can also be brought about by the action of sodium hypochlorite 
on the amides of the monocarboxylic acids (Rec. Trav. Chim. 37 , 16). 
A modified method has been used for the degradation of the reducing 
disaccharides (p. 723 : Zem'plen, Ber. 59 , 1254). 

(3) The behavioirr of the hexoses with alkalis, such as the hydroxides of 
sodium, calcium, lead, zinc, etc., is noteworthy. Dilute alkalis strongly depress 
the optical rotation of the naturally occurring hexoses, as a result of partial 
isomerization to the stereornoric aldoses and ketoses as far as the point of equili- 
brium (see Ber. 28 , 3078 : Ann. 357 , 294). Mannose, glucose, and fructose 
yield a mixture of these three hexoses, together with j/'-la3vulosc and glutose (or 
3-ketohexose ?) ; similarl;, , galactose may jdeld /-sorbose, ^/-tagatose, talose, and 
galtoso (or 3-ketohexose ?). 

Longer action of alkalis decomposes this mixture of hexoses mainly into 
lactic and other acid (Ber. 41 , 1009). It is probable that the formation of lactic 
acid results from the initial formation of glyceraldehyde, which loses oxygen and 
is changed into methylglyoxal (p. 400), which in turn changes into lactic acid : 
CH2(0H)CH(0H)CH(0H) 

I 

CHo(OH)CH(OH)CO 2CH2(OH)CH(OH) CHO 

J-Ketolu'xose (see above), Glyceraldehyde. 


2CH3CO-CHO 2CH3CH(0H)C00H 

Methylglyoxal. Lactic acid. 

The formation of methylglyoxal, according to the above scheme, is made 
the more probable by the action of zinc ammonium hydroxide on dextrose, pro- 
ducing methylglyoxaline, which is presumably formed from methylglyoxal and 
ammonia (p. 399) (Ber. 39 , 388(3). 

The formation of methylglyoxal in muscle and its immediate dismutation 
into lactic acid is discussed in Z. physiol. Chem. 161 , 254. 

In addition to the products of reaction between hexoses and alkalis, there 
are also formed — particularly when lime-water is employed — saccharic acids 
(p. G7(>), the production of which results partly from an intra -molecular wandering 
of oxygen, and also in a change of the form of the normal carbon chain (r/. 
Ann. 357 , 294: Ber. 41 , 469, 1012). 

If air be passed through an alkaline solution of the hexoses, or if HgO* be 
added, formic acid is formed, together with higher non-volatile acids : the 
production of the former acid is explained by partial decomposition of the 
hexose into formaldehyde and the oxidation of the latter into its acid (Ber. 39 , 
4217) (see also p. (>84 : Fehlirig's solution). 


4. All hexoses are converted on heating with concentrated sul- 
phuric acid into leevulinic acid, whereby they are sharply diflerentiated 
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from the pentoses, which under similar treatment yield furfural (see 
p. 672). 

The mechanism of the formation of laevuhnic acid is explained by 
Pummerer (Ber. 56, 999) on the basis of the behaviour of furfur- 
alcohol. The first intermediate is the compound hydroxymethylfur- 
fural (Chem. Ztg. 1895, 1004) which on opening the ring loses formic 
acid and forms the hydroxyketoaldehyde (I) which undergoes intra- 
molecular change with the formation of Isevulinic acid : 

H COH CHOH 

I- I • 

CHjOH— C<Q H HOC H — CHO 


CH,— CH, 

I I 

CH,— CO COOH 

LflBvullnic add. 

5. Fermentation of the Hexoses. — A characteristic of the hexoses is 
their ability to ferment with the production of various compounds 
by the action of yeasts, moulds and bacteria. The more important 
fermentations are mentioned below : for further information consult 
Harden in System of Bacteriology, I. 217 (London, 1929) : Raistrick, 
Phil Trans, 1931, [B] 220, 1-367 (Moulds) : 

(a) AlcoJiolic fermentation of hexoses, which is brought about by yeasts, is 
the most important of these processes, and has been discussed on p. 140. Of the 
aldoses, d-glucose, d-mannose and d-galactose and of the ketoses d-fructose are 
fermented. The other hexoses are not attacked by yeast (Ber. 27, 2030). 

(b) Lactic acid fermentation of various carbohydrates, which can be repre- 
sented by the equation : 

2C3Hg03 

is brought about by a largo number of organisms. It is probably due to the 
interm^iate formation of methylglyoxal (see under alcoholic fermentation, 
p. 140), which then undergoes dismutation by the enzyme glyoxalase to lactic 
acid. In some cases lactic acid is formed in almost quantitative yield : the acid 
produced is usually the inactive dZ-8icid, but some organisms, c.g. B, delbriicki, 
produce an optically active Z-lactic acid. In other cases, the yield of lactic acid 
is not quantitative, but other compounds are formed. For instance, with 
B. coll and B. typhosiia formic acid is also produced, but whereas with the former 
organism this is largely broken down into COj and hydrogen, the latter organism 
is incapable of doing this and formic acid accumulates in the medium. 

The property of forming acid and/or gas in culture media containing various 
carbohydrates is made practical use of in the classification of certain groups of 
bacteria. 

Another compound formed along with lactic acid by certain organisms, e.g, 
B, laclia aerogenea, is j3y-butylene glycol, a certain amount of acetylmethy Icarbinol, 
CHa-CO*CH(OH)*CHj, being simultaneously produced. The formation of the 
ketone is due to the condensation of two molecules of acetaldehyde mider the 
action of the enzyme carboligaact the glycol being formed by reduction ; 

CH3 CHO + CHO CK, > CH3 CH(0H) C0 CH3. 

(c) Propionic Acid Fermentation. — Micro-organisms occur in milk and cheese 
which have the property of producing a mixture of propionic (2 mols.) and 
acetic (1 mol.) acids together with CO,, from certain hexoses, and also from other 
compounds such as lactic £icid and glycerol. The mechanism of this mode of 
fermentation is not quite settled ; according to Virtanen a phosphoric ester of the 


CH— CH 
il II 

CH3OH— C C— CHO 


Hydroxymethylfurfural. 


CH,— CH, 

I I + H-COOH. 
CH,OH— C = 0 CHO 
(I) 
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sugar is produced, which then forms lactic acid, the latter breaking down accord- 
ing to the equation ; 

SCgHeOg 2C,He02 + -f CO^ + H^O, 

but according to van Niel methylglyoxal is the intermediate. 

(d) Butyric Fermentation . — Another group of organisms has the power of 
forming butyric acid or butyl alcohol from substrates such as glucose or glycerol. 
Thus B. butylicus, Fitz. produced 26% of butyric acid from glucose, and 19*6% 
of butyl alcohol from glycerol. It would appear that the aldol of pyruvic acid : 

CHaC(OH)COOH 

I 

CHa-COCOOH 

is the intermediate product. Higher homologues of butyric acid are also obtained 
in small yield. 

Another group of organisms, B. amylobacier, has the property of fermenting 
starch with the formation of large amounts of butyl alcohol and acetone, and this 
process is used on the large scale for the manufacture of these solvents. 

(e) Citric acid is obtained by the fermentation of glucose by certain fungi 
(see p. 664). 


Constitution of the Hexoses 

The reactions already described offered evidence that in the hexoses 
there was an un branched chain of six carbon atoms (reduction to 
n-hexyl iodide) which contained five hydroxyl groups (formation of 
pentaacetyl derivative) and an aldehyde group (reaction with phenyl- 
hydrazine and hydroxylamine), and these reactions suggested the 
formula (I) which for a long time was used to represent the aldo- 
hexoses. 

CHaOH-CHOH CHOH-CHOH CHOH CHO. (t) 

Further investigation, however, showed that this formula was not 
in entire agreement with all the experimental facts. Tollens, in 1883, 
had already noted the fact that the hexoses in ordinary concentra- 
tions did not redden a fuchsin-sulphurous acid solution (c/. E. Fischer, 
Ber. 45, 461, note) and explained this discrepancy by a ring formula 
(II), isomeric with the above. 

CH,OH CHOH CH CHOH CHOH CHOH. (ID 

l o 1 

Subsequent investigations have confirmed the idea that in the 
hexoses there exists no normal aldehyde group : thus the reaction 
of Angeli with dihydroxyammonia (see p. 230) which is a typical 
aldehyde reaction, does not occur : investigations with simpler com- 
pound shows that this reaction does not occur with hydroxy alde- 
hydes containing the hydroxyl group in the y- or d-position relative 
to the aldehyde group. 

The formation of glucosides also differentiates the hexoses sharply 
from the aldehydes. In contradistinction to the latter, the hexoses 
form semi-dcetals (only one alkyl group is introduced) when hydrogen 
chloride is led into an alcoholic solution. This is explained by assum- 
ing that the second valency of the aldehyde oxygen atom is engaged 
in an internal oxide ring, which explains at the same time the unique 
properties of the fifth hydroxyl group (the glucosidic hydroxyl). 

The normal hexoses contain an amylene oxide (1 : 5 or 2 : 6) ring : 
less stable forms contain a butylene oxide (1:4 or 2:5) ruig. For 
VOL. I. yy 



690 


ORGANIC CHEMISTRY 


the latter labile isomer the designation Ae^ero-sugar (^-glucose) (Ber. 
58, 1842) is largely used in Germany : in the English-speaking coun- 
tries the t-erm y-sugar is largely employed. This term originally 
applied to a third glucoside, derived from an isomeric sugar, which 
difcred from the already known a- and ^-glucosides. Fortuitously, 
the y- in the light of more recent knowledge is also applicable to the 
y- oxide ring which occurs in such sugars. More recently (Haworth) 
the designation pyrariosc (1) and fnranose (II) has been suggested for 
the normal and labile forms, as they contain respectively a pyran 
(six-membered) carbon-oxygen ring and a furan (five-membered) ring. 
The terms pyranose and furanose will be chiefly used in the following 
pages. 

CH^OH CH,OH 

I I 

CH -O CHOH 

/ \ I 

CHOH CHOH CH 0\ 

\ / 1 >CHOH 

CHOH— CHOH CHOH— CHOH/ 

Pyranose formula. Furanose formula. 

The ring formula for the hexoses, which contain an asymmetric 
carbon atom additional to those of the open aldehyde form, affords 
an explanation for the existence of two d-glucoses (a- and /^-glucose), 
of the two methylglucosides and of two forms of pentaacetylglucose, 
and for the long -known phenomenon of mutarotation. This additional 
asymmetric carbon atom enables all hexoses to exist in two stereo- 
isomeric forms (a- and /J-series). These are capable of separate 
existence in the solid state, but in solution an equilibrium establishes 
itself with measurable speed between the a- and /S-forms and the 
open aldehyde form, which can be demonstrated by a change of the 
optical activity of a solution with time {Mutarotation). 

HOCH 

I 

HCOH 

I 

HO(MI () 

1 

HCOH 

I * 

HC 

I 

CH^OH 

/J-Glucose. 

The cyclic forms and the open aldehyde form are related to each 
other as tautomeric compounds (see p. 389). If the minute amount 
present of the aldehyde form is removed, as, for example, by means 
of phenylhydrazine, a fresh proportion of the aldehyde form is formed 
to restore equilibrium ; this is then attacked by the reagent, and in 
effect the total amount of the hexose behaves as if it existed in the 
aldehyde form. 

The experimental determination of the position of the internal 
oxygen linkage is of the greatest importance. The method is based 
on the stabilization of the alcoholic hydroxyl groups, by converting 
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them into methoxy groups by one of the methods already described 
(p, 684). The tetramethylhexoses so obtained are converted by 
oxidation, through the tetramethylhexonic acids, to smaller molecules, 
from whose constitution the constitution of the original hexose can 
be calculated. The basis of this method is the assumption that under 
the conditions of experiment the position of the oxide ring is un- 
changed and there is no migration of any methyl group (J.C.S. 1927 , 
3136). The following scheme represents the findings in the case of 
the most important hexose, d-glucose. 



CH20n CH.X)Me CH^OMe 

(I) 

COOH 

I COOH 

HCOMo I 

Further oxidation I H-C-OMe 

^ MeOCH and 1 

I MeOCH 

HCOMe I 

1 COOH 

COOH 

(II) (HI) 

The energetic oxidation of ordinary tetramethylglucose (I) yielded 
inactive xylotrimethoxyglutaric acid (II) together with d-dimethoxy- 
succinic acid (III) whereby the 1 : 5-pyranose structure for normal 
glucose is deduced (Nature, 116 , 430: J.C.S. 1926 , 350). Similar 
deductions form mannose, J.C.S. 1927 , 3136 : galactose, J.C.S. 123 , 
1808: 125 , 2468: 127 , 348: Ber. 59 , 100: fructose, J.C.S. 1926 , 
1858. 


2 A. ALDOHEXOSES 

(1) Mannose, CoHigOo, is the aldehyde of mannitol, and exists 
in tlie three forms, d-, I- and JZ-mannose, derived from the ordinary 
pyranose formula. Derivatives of the furanose sugar (1 : 4-oxide 
ring) are also known (J.C.S. 125 , 1343). Configuration of mannose, 
see p. 704. Evidence for 1 : 5-ring, see J.C.S. 1927 , 3136 : J. Biol. 
Chem. 72 , 627. 

J-Mannose, seminose, m.p. 136^, was first prepared by oxidizing 
ordinary d-mannitol, together with d-fructose, with platinum black 
or nitric acid (Ber. 22 , 365). It is also obtained from salep mucilage 
(from salep, the tubers of certain orchids), and most easily from 
seminin (reserve-cellulose), occurring in different plant seeds, par- 
ticularly in the shells of the vegetable ivory nut, when this is boiled 
with dilute sulphuric acid (hence called seminose) (Ber. 22 , 609, 3218 ). 
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d-Mannonic acid yields it upon reduction. It reduces Fehling’s solu- 
tion, and is fermented by yeast (Ber. 22, 3223). When treated with 
alkalis it changes partly to d-glucose and d-fructose (p. 698). 

Pcniauceiyl-d-mamiose, a*form, in.p. 76^ [aju + 55° (CHCI3) (J. Biol. Chem. 
72, 627) ; jS-form, m.p. 115°, [a]p - 24-3° (CHClg) (Ber. 46, 4029). The jS-form 
is converted into the a- by anhydrous stannic chloride (Ber. 61, 142). <x-Methyl- 
d-mannosidct CaHuOe-CHj, m.p. 190°, -f- 79-2° (Ber. 29, 2928 ; 54, 1667). 

Pe7iUjtnitrat€y m.p.* 81° (Ber. 31, 76). T€trameihyl-ai'7nethylmanno8idey m.p. 38°. 

Ph€7iylhydrazon€, : N-NHCgHg, m.p. 195°, is sparingly soluble in 

water, and regenerates, when treated with benzaldehyde, pure mannose (Ber. 
29, R. 913). The osazone is identical with glucosazone (q.v.). Mannose oximey 
m.p. 184° (Ber. 24, 699). 

2:3:5; Q-DiaceUnienuxunosey m.p. 123°, yeuow + 14-3° (tetrachloro- 

ethane), is a derivative of y-mannose (1 : 4-oxide ring) (Ber. 56, 2126 ; 58, 2690). 

Mannose is reduced by nascent hydrogen to mannitol, by oxidation with 
bromine converted into d-mamionic acid, and with hydrogen cyanide yields the 
nitrile of mannoheptonic acid (see p. 715). 

Z- Mannose results when Z-mannonic lactone is reduced (p. 712 : Ber. 23, 373). 
It is very similar to the preceding compound, but is laevorotatory, and is fer- 
mented with more difficulty. Its phe^njlhydrazoney m.p. 195°, also dissolves with 
difficulty. Excess of phenylhydrazine yields Z-glucosazone. It becomes con- 
verted into Z-mannitol by reduction (Ber. 23, 375). M ethyl -\-inanno side y m.p. 
190°, = - 79-4° (Ber. 29, 2929). 

dZ- Mannose is formed (1 ) by the oxidation of a-acritol or dZ-mannitol (p. 680 ), 
which can be obtained by the reduction of synthetic a-acrose or d/ -fructose ; 
(2) by the reduction of inactive dZ -maimonic lactone ; (3) by the splitting of a 
mixture of d- and Z-mannose phony Ihydrazones by formaldehyde (C. 1903, 
I. 1217). It is quite similar to the two preceding compounds, but is inactive. 
Its phenylhydrazone y m.p. 195°, dissolves with difficulty, and is inactive. Its 
osazoyie is dZ-glucosazone, identical with a-acrosazone. 

Yecist decomposes it, the d-mannose is fermented, and Z-mannose remains 
(Ber. 23, 382). M ethyl -dl-mannosidey m.p. 165°, is obtained from the solution 
of equal quantities of its components at 16°. Below 8° the components crystallize 
out separately (Ber. 29, 2929). 

(2) Glucose, CgHijOe, is the aldehyde of sorbitol, and occurs as 
d-, Uj and inactive dl glucose. 

d-Glucose, dextrose, or grajpe sugar, occurs (with fructose) in 
many sweet fruits and in honey ; also in the urine in diabetes mellitus. 
It is normally present (about 0*1%) in blood, but its concentration 
in the blood is greatly increased in diabetes mellitus. It is formed 
by the hydrolytic decomposition of polysaccharides (sucrose, starch, 
cellulose) and glucosides. It is prepared on a large scale by boiling 
starch with dilute sulphuric acid (see Ber. 13, 1761). The synthesis 
of glucose has been achieved by the production of glucose in the 
reduction of the lactone of d-gluconic acid (see p. 713). 

Commercial dextrose is an amorphous, compact mass, containing 
only about 60% dextrose, along with a dextrin-Hke substance, gallisin, 
Ci2 H240 io> which is not fermentable (Ber. 17, 2456). 

The best method for preparing pure crystallized glucose consists 
in adding to 80% alcohol mixed with ^5 volume of fuming hydro- 
chloric acid, finely pulverized sucrose, as long as the latter dissolves 
on shaking (J. pr. Chem. [2] 20, 244). 

Glucose crystallizes from water at the ordinary temperature, or 
dilute alcohol, in nodular masses, with one molecule of water, which 
melt at 86 ® and become anhydrous at 115®, At 30-35® it crystallizes 
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from itfi coiKJcntrated aqueous solution, and from its solution in ethyl 
or methyl alcohol, in anhydrous, hard crusts (Ber. 15 , 1105), 

Dextrose is not quite as sweet to the taste as sucrose, and is 
employed to “ improve ” wines. 

a- and j:! -Glucose. — Ordinary crystalline glucose is a-glucose and 
shows an initial rotation of [ajo + 106° in aqueous solution. The 
specific rotation, however, falls on standing, and eventually reaches 
a constant value of + 53°, the solution now containing an equilibrium 
mixture of a- and /f-glucose. Pure /9-glucose has an initial specific 
rotation of + 19-8°, but its specific rotation rises to the same equi- 
librium value of 53° (Mutarotation). a-Glucose can be converted into 
the /9-compound by heating in pyridine (Ann. 353, 106) or glacial 
acetic acid (J.A.C.S. 39, 329) solution, and can be obtained crystalline 
from such solutions under appropriate conditions. 

The constitution of a- and /9-glucose differs in the configuration 
of the 1- (aldehyde) carbon atom, as shown by the following reactions, 
a- Glucose gives on dehydration glucosan, whereas /?-glucose gives 
laevoglucosan (see Ber. 46, 2612 : Helv. Chim. Acta. 3, 649) : 


HCOH 1 

I i 

HCOH 1 

H(K 1 

1 >0 i 

H*C/ 

HOCH 

1 

HCOH 

CH 

1 

HCOH 

1 t) 

1 

1 0 

1 

HOCH 

HOCH 

HOCH 

HOCH 

1 

1 

1 

0 I 

HCOH 

1 

HCOH 

1 

HCOH 

HCOH 

1 

1 

T-T .( < 

1 

H-C 

1 

1 

R.P 

Xi ^ 

1 

CH2OH 

XI 

1 

CHjOH 

Xi*Cy 

1 

CHjOH 

JT. 

; 1 

CHj 

a- Glucose — 

>• Glucosan. 

/3- Glucose — 

► Laevoglucosan. 


y -Glucose (Glucofuranose). — A derivative of this sugar, with a 
1 : 4-oxide ring, is y-methylglu coside (Fischer, Ber. 47, 1980 : see 
p. 694). 

Nitrogen derivatives of glucose. Syn- and anti- (a- and /9-) 
d-Glucose phenylhydrazones, m.pp. 160° and 141°, are laevorotatory 
(Ann. 362, 78). 

d-Glucosazone, a- variety, m.p. 145° ; ^-variety, m.p. 205° (Ber. 
41, 75), is laevorotatory in aqueous solution. It is also obtained from 
d-mannose and d-fructose, as well as from glucosamine and i^ogluco- 
samine. Concentrated hydrochloric acid converts glucosazone into 
phenylhydrazine and glucosone, CeHioOe (p. 686) ; which regenerates 
glucosazone with two molecules of phenylhydrazine. It is a non- 
fermentable syrup (C. 1902, I. 895), and if it be reduced with zinc 
and acetic anhydride, is converted into d-fructose (Ber. 22, 88). 

d-Glucoseoxirnef CgHijOg : NOH, m.p. 137°, by the action of acetic anhydride 
and sodium acetate yields pentaacetylgliicononitrile (p. 713) from which arabinose 
has been isolated (p. (173). This action is the basis of Wohl’s method for the 
degradation of the aldoses. Reduction to o?-glucamine, see p. 081. 
d-Olucose semicarhazoney m.p. 175° (decomp.) (Ber. 31 , 2199, note). 
d-Olucoscaldazincy CgHuOg-CH : N*N : CH-CgHiiOg, is very hygroscopic 
(Ber. 29 , 2308). 
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d.Olv<-oscamh><y,wv,klhirchU>f^r.C,U„0, CJ<tiU. HOI. m.p. lOS", U obtain, mI 
from glucose and aniinogimiiidine hydro, •blond,' (Bor. 27, 9,1). 

Glucose is convortcl. bv mlu,-tion with so,hum amalgam, into , /-sorbitol 
with some rf-maiinitol an,i bV a,'i,l oxidation into (/-glucomo a,-i,l an, I ,/-s,.,-,haric 
arid Alkali.'s ronvort it partly into d-maim,>so an,l d frurtoso (Ih'r. 28, :itl7S) 
together with ,/, .fructose aiul ghitose (p. f-.';!?) : prolonged a,'tion of alkalis j.ro- 
duces lactic and other acid products (p. ti.s,). _ 

Milk of liino convertst glucose partially into saccliariiiic acui (f). <»/<»). Alkalis 
aiici beiizhyclrazido break up the glucose molecule, anti form Mit' heiizoyJosazone 
of glyoxal and methylglyoxal (Bor. 31, 31). Amnion iuin zinc hydroxidi' gi\’es 
nicthylgl30xaline (p. lUffi). For the products of alkaline oxidation of ghicos(», 
see pp. ()S4, (187, imd Ber. 27, K. 788. 

Estimation of OIucosc . — Many methods for the estimation of glucose are used, 
for details of which see textbooks of Biochemistry^ A number of methods 
depend upon the reduction of an alkaline copper solution, the cuprous oxiflo 
formed being then e^stimated by’ various methods. The gniater reactivity of 
aldoses towards an alkaline hypoiodite solution is made use of in the deter- 
mination of glucose in presence of fructose by Willstatter and Schudel (Ber. 
51, 780). 

Saccharates. — With barium and calcium hy’droxide solutions dextrose forms 
saccharatos, like CgHijOgCaO, and CgHjgOg-BaO. which are precipitated by 
alcohol. With NaCl it forms large crystals, 2C6H,.Og-NaCl + which some- 

times separate in the evaporation of dialx'tic urine. 

Alkyl d-Glucosides. — The glucosidca are the ether-like derivative's of the 
glucosidic lu'droxyl group of the sugars. Those of dextrose particularly are 
frequently found in tht' vegetable kingdom. They generally contain the residues 
of aromatic bodies, and therefore will be discussed later. The simplest gluco- 
sides are the alkyd glucosides, which are produced in the action of HCl on alco- 
holic sugar solutiuiis (Ber. 28, 1151). Fehling’s solution and phenylhydrazine 
at 100° do not affect the alkyl glucosides. However, they are decomfxised into 
their components when boiled with dilutt' acids, or by ferments (p. 75()), 
a- and ^-Mcthyhjlucosides, CgHnOg-CHa, m.pp. 105° and 107°, are stereo- 
ehemically different, the a-compound being dextrorotatory [ajn — 4- 157-0°, 
the /3-body being hevorotatory [aje == — 31-85° (Ber. 34, 2899) (configuration, 
sec p. 09tt). They are formed together by the action of hydrochloric acid and 
methyl alcohol on dextrose, and can also lie obtained from a- and ^-acieto- 
chloro- or brorno -dextrose, methyl alcohol and silver carbonate, and hydrolysing 
the resulting totraacetyiinethylglucoside. /3-MethylglucoBide is formed from 
dextrose, dimethyl sulphate and alkali (Ber. 34, 957, 2885 : C. 1905, I. 1593). 
The :k.-compound is decomposed by invertin, but not the /3-Hubstanco, which, 
however, is attacked by emulsin (Ber. 27, K. 885 : 27, 2479, 2985 : 28, 1145). 
If a-rnethylglucoside be alkylated by means of silver oxide and iodomethano in 
method alcohol there is formed, among other compounds, tetramethyJ -OL-m, ethyl • 
gliicoside, b.p. 145''/17 mm. : the lattor on hydrolysis yields 2:3:4: iy-tetra- 
methylglucosc , m.p. 89°, b.p. 182-185°/2(> min. 

y-Methylgiucoside {methylglucojuranoside) was obtained by Fischer (Ber. 
47, 198(1) as a by-product in the preparation of a- and /S-methylglucosides, and 
is a structural isomer of the lattor containing a 1 : 4-oxido linkage. y-Mothyl- 
glucoside (which probabl^^ consists f>f a mixture of two stereoisomers) (J.C.S. 
107, 524) is differentiated from the ordinary glucosides by the following reac- 
tions : — (1) It is more rapidly oxidized by cold alkaline permanganate. (2) It is 
b^^drol^^sed by the most dilute mineral acids. (3) It is very readily converted 
into a monoacetone compound. This reaction first observed with y-methyl- 
glucoside seems to l>e a general property of furanose derivatives. a-Methyl- 
glucofuranoside has riic^ently (J.C.S. 1932, 2254) been obtained crystalline : 
unlike the impure substance, it does not instantaneously reduce perm€uigeuiato . 

P-Phenylglucosidc, in.p. 175°, is obtained from /3-acetochloro- 

glucose and sodium phenate (Ber. 34, 2898). 

a- and ^-Fentaacetylglucose, m.p. 112°, [a]„ + 101-0°, and m.p. 131°, [aJn + 3°. 
Preparation of partially ocylated sugars, see Ber. 51, 321. 

a- and p-Pentahenzoylglucose (1:6 ring), m.p. 155-157°, [a]n 4- 107-6° : m.p. 
187°, [aj„ 4- 23-7° (Ber. 51, 321). 
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a- an(i p-Pc/nUibejizoyl-y -glucose (1 : 4 ring), m.p. 120'', [ajo + 58-6'’ ; m.p. 151°, 
fa]r> - 52-6° (Bor. 60 , 1488). 

Oi'-Acrtochloroghicosc,* CgH70(0Ac)4Cl (formerly ^-acetochloroglucose), m.p. 
74", [a In + 105-8" (CCI4). 

-Acrtocldoroglucoscy* m.p. 99°, [aln — 17*4°, is obtained from a'*acetobromu- 
gliiooso by reaction with silver chloride (Ber. 61 , 287). 

OL'-Acctobromoglurx}sc * (formerly ^-acetobromoglucose), m.p. 89®, [oc]n + 199° : 
P'-arrif)bromoglucose has not yet been obtained (Ber. 61 , 289). 

The above compounds are closely related to the a- and jS-alkylglucosides 
and have similar formulae, a- and ^-Pentaac.otylglucose, which have entirely 
lost any aldehyde character, are formed from glucose and acetic anhydride irj 
the presence of zinc chloride, sodium acetate or pyridine : the /3- compound is 
converted into the a- by the action of zinc chloride or anhydrous stannic chloride 
(Ber. 61 , 187). If the pentaacetyl compounds are treated with liquid HCl or 
HBr, on(^ acetyl group is replaced by halogen and the a'-acetobromo- or -chloro- 
glucoses result (Bor. 34 , 2886). The a'-acotohalogenglucoses were first obtained 
by acting on glucose with acetyl chloride or bromide, the a'-chloro- compound 
being also obtained from ^-pentaacetylglucose by the action of phosphorus 
pentachloride and aluminium chloride or anhydrous stannic chloride (Ber. 61 , 
140). The p'-ac^etohalogenglucoses are very readily converted into the a'-com- 
pounds, and consequently can only bo obtained under very special conditions 
(Ber. 61 , 140) or not at all (^'-acetobromoglucose). The acetohalogenglucoses 
are characterized by the ready reactivity of the halogen atom, which can be 
readily replaced l)y an acetyl or alkoxy group or by the nitrate group O-XOg : 
the product of the latter replacement is the well -crystallized acetonitroglucose, 
C6H70 (()Ac) 4-()N02, m.p. 151 , which can also be obtained from pentaacetyl- 
glucoso and nitric acid (Ann. 331 , 881). By treating the acetohalogenglucose 
with methyl alcohol in the presence of silv^er carbonate, the methylglucosides 
are obtained (Bor. 34 , 957). The configuration of the halogen compound cannot, 
howe\'er, Ix^ deduced from that of the glucoside, as a Walden inversion usually 
takes place in this reaction. 

The (‘ompoimds are represented by the following structural formula^, the a- 
and /3-compounds being ntoreoisuinerides (p. 690) Ber. 34 , 957, 2885, 3205 : 
35 , 858 : C. 1902, 1. 180) ; 

(Tl-OCHa 

I 

11-C-OH 

I ! 

HO-C-H 0 

H-C-OH ! 

I ' 

Pl.C ! 

I 

CHoOH 

.Methylglucosides. 


CH-OAc 

I 

H-COAc I 

AcO-C-H O 
I 

H-C-OAc ! 


HC 

1 

CH.,OAc 

I’cntaacctylglucoses. 


CH-Cl(or Br) 

I 

H-C-OAc 

I I 

AcO-CH O 

I 

H-C-OAc 

I 

H-C 


CH^OAc 

Acetohalogenglucoses. 


Glucosephosphoric Esters. — Glucose-^- or -A-phosphoric acid, [ajn + 30-7°, 
is obtained from glucosediacetone and phosphoryl chloride in absolute pyridine 
(J. Biochein. (Japan) 6, 31). Glu cosed i phosphoric acid : Biochem. Z. 32, 178. 

Hexosephosphoric esters are formed as intermediates in alcoholic fermenta- 
tion. According to Harden and Yoimg, who first directed attention to this, 
tlie formation of the zymophosphate (hexosediphosphoric acid) in the course of 
fermentation occurs according to the scheme (c/., however, p. 141) : 

+ 2K2HPO4 2CO2 -f 2CaH,OH -f 2H2O -f CeHio04(P04K2)2. 

The capacity of yeast to bring about this esterification seems to depend upon 
the presence of the enzyme complex : cozyniasc -f apozyniasc (Biochem. Z. 

161 , 244). 

Phosphoric esters of substituted glucoses, see J. Biol. Chem. 48, 233. 
Nifrogctious glucosidcs have been obtained synthetically from acetobromo- 


* For nomenclature, see Ber. 59 , 1588. 
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glucose and purine and pyrimidine bases (Bor. 47, 210, 1058, 1404, 1390) : these 
compounds are closely related to the nucleic acids (q,v,), 

Triac€to-\ : ^-dihro7}wgh(cosc- <\ : ^^ is obtained from leevoglucosan and 
phosphorus pentabromide (Helv. Cliim. Acta. 5, 187). 

Methyl Ethers of Glucose.— These are obtained by the methylation of 
glucose by means of methyl iodide and silver oxide or of methyl sulphate and 
alkali. The methyl ethers of the methylglucosidos are the products, and the 
methylglucoses obtained by splitting*off of the glucosidic hydroxyl. They are 
partially distillable in a high vacuiun without decomposition. 

Tetramethyl-CL-methylffly coside, a syrup, b.p. 108°/0*1 mm. : 2 : 3 : 4 : 6- 

tctramethyJgJucos€-<c\ :5>, m.p. 88-89°, [a]p + 83° (C. 1926, I. 881). 

2:3:5: Q-Tctra7nethylglucose- <\ : 4>, b.p. 122°/0*05 mm., is a derivative 
of y-glucose (glucofuranose) and is obtained by methylation of y-methylglucoside. 

Mo 7W-, di- and triTn ethyl glucoses are usually obtained from the appropriate 
acetoneglucoaes (see Amu 440, 1 : Ber. 58, 1547 : J. Biol. Chem. 70, 343). 

(o-Triphenylmethylglucose- <l : 5>, [a]^ + 59-6° y -f 38° (Bor. 58, 872), 

is formed from glucose and triphenylchloromothane in absolute pyridine : it is 
of value for the introduction of groups into the 6 -position in glucose. 

Glucal, CHgOH-CH-CHOH-CHOH-CH : CH, is obtained from acotobromo- 

I . o I 

glucose by reduction with zinc and acetic acid, triacctyl glucal (m.p. 
54-55°, [a]n — 15-7°), being an intermediate product, which is hydrolysed 
by alcoholic ammonia to glucal (Ber. 54, 450). Glucal has m.p. 60° 
(indefinite) and only causes minimal reduction of Fohling’s solution. 2-Desoxy- 
glucose, CHoOH-CH CHOH-CHOH CHa-CHOH, m.p. 148°, [a]p -f 46-6°, is 

' o- 

obtained from glucal by the addition of water through the action of dilute sul- 
phuric acid : it fonns a phenylhydrazone, and glucosides, and is not fermented 
by yeast. Hydroglucal, m.p. 86-87°, [alp + 16*3°, is formed by the catalytic 
hydrogenation of glucal. 

AtSiydroglucoses, — (1) E. Fischer’s anhydroglucose, m.p. 118°, [ajp 4- 53*9° 
(Ber. 45, 457, 3763). 

(2) Glucr>sati . — 1 : 2-Anhydro-(x-glucose-<l : 5> (Formula, see p. 693), m.p. 
109°, [ajp 4 69*8° : formed by heating a-glucose in vacuo at 150-155° (Compt. 
rend. 171, 243 : Helv. Chiin. Acta. 3, 640), is smoothly fermented by yeast 
containing cozymaso (Z. physiol. Chem. 170, 23). 

(3) LcBvoglucosaTi . — 1 : Q-A7%hydro~B-glucx>se-<\ : 5> (Formula, see p. 693), 
m.p. 179-5°, [ajp — 67-25°. from cellulose, starch or )3-gluco8e by heating in vacuo 
at 20t>-300°, or fmm acetobromoglucoso and trimethylamine (Helv. Chim. Acta. 
4, 819). Is not fermented by yeast. 

Glucosyl chloride ; from glucosan and concentrated hydrochloric acid. 

d-GliLcose Tnercaptal, CgHi205(SC2H5)2, m.p. 127°, is obtained from d-glucose, 
mercaptan, and HCl. d-Glucose ethylene 7nercapial, : S2C2H4, m.p. 143°. 

d-Glucose trimeih^jlene Tnercaptal, CgH^^Og : S^CsH^, m.p. 130°. d-GUicosehenzrjl 
Tnercaptal, CeHi205(SCH2-C4H5)2, m.p. 133° (Ber. 29, 547). 

Methylene glucose, CgHio(CH2)06, m.p. 187° (Ber. 32, 2585). 

1 : 2-Qluco8e monacetoTie, CgHipOg : C(CH3)2, m.p. 156°. 1:2 : 5 : 6- 

Diacetone glucose- <l : 4> , CfiHsOfi[C(CHg)2]2fni.p. 109 \ [ajo — 18*40 : a deriva- 
tive of y-glucose (constitution, see Ber. 56, 1243 : J. Biol. Chem. 70, 343). 

d-Chloralose, m.p. 189°, and d-Parachloralose, CgHigClgO^, m.p. 227°, are 
two isomeric bodies, produced by the rearrangement of d-glucose with chloral 
(Ber. 27, R. 471 : 29, R. 177). 

^Gluc 08 e, m.p. 143°, is formed when the lactone of f-gluconic acid is reduced. 
It is perfectly similar to dextrose, but is hevorotatory, [aln (at equilibrium) 
— — 51*4°. Its glucososazoTie is, however, dextrorotatory. Its diphenyl- 
hydrazone, : N*N(C4H6)2, m.p. 163°, dissolves with difficulty (Ber. 

23, 2618). 

di-Glucose results from the union of d- and Z-glucosc, and by the reduc- 
tion of dZ-gluconic lactone. dl-Glucosazone, m.p. 218°, is also formed from 
inactive mannose, and from synthetic a-acrose, or dZ-fructose (p. 699) (Ber. 
23, 383, 2620). 

(3) Giilose, CH20H[CH0H]4CH0 (space formula, p. 705), the 80(!ond 
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aldehyde of sorbitol, is likewise known in its three modifications. They are 
formed by the reduction of the lactones of the three gulonic acids (p. 713), and 
by further reduction yield the sorbitols. They are syrups and are not fermented 

yoast. The name gulose is intended to indicate their relationship to glucose. 
1- and d\-Oulo.<ie pheMylhydrazone, m.p. 143'^. \-Oulo8azone, m.p. 156°. dl-Oulosa- 
zonc.y m.p. 157-159°. 

(4) d- and Z-Idoses are prepared by the reduction of the idonic acids or their 
lactones (p. 714). They yield d- and Z-iditol on reduction (p. 680) (space formula, 
p. 704). 

(5) Galactose is the aldehyde of the alcohol dulcitol (which is 
inactive through internal compensation), and occurs in the three 
forms, d-, Z- and dZ-galactose. 

The dZ-galactose, m.p. 140-142°, results from the reduction of the lactone 
of dZ-galactonic acid, and when fermented with beer yeast the cZ*form is fermented, 
leaving Z-galactose ; pheMylhydrazone^ m.p. 158-160° ; osazoney m.p. 206°. 

Z-Galactose, m.p. 163° (p. 705), yields dulcitol on reduction, and mucic acid 
wlien it is oxidized ; phniylhydrazom ., m.p. 158-160° ; osazone, m.p. 206°. 

I - - -O - - -- I 

rf-Galactose, ch^OH CH CHOH CHOH CHOH CHOH (1 : 5 ring, see 
Ber. 59, 100 : see also p. 691 : configuration, see p. 705). It melts 
at 166°, is dextrorotatory and fermentable. d-Galactose is formed, 
together with glucose, by the hydrolysis of the disaccharide lactose, 
of the crystalline compound galactitol, CgHjgO;, which occurs in 
yellow lupins (Ber. 29, 896) or of various gums, known as galactans 
(Ber. 20, 1003). Galactose is important as a constituent of the 
cerebrosides. It is prepared by the hydrolysis of lactose by dilute 
sulphuric acid. Galactose yields dulcitol on reduction, and galactonic 
acid and mucic acid on oxidation. By the action of hydrogen cyanide 
and hydrochloric acid, it yields galactosecarboxylic acid. When 
warmed with alkali it is partly converted into Z-sorbose, cZ-tagatose, 
cZ-talose and other compounds (c/. p. 687). 

a- and p-M ethyl-d-galactonidcSy m.p. 111° and 174°, [alo -|- 143-7° and + 30*7°, 
are obtained by the action of methyl alcoholic hydrochloric acid at 100° : the 
^-glycoside is hydrolysed by emulsin. By the action of methyl alcoholic hydro- 
chloric acid a strongly Isevorotatory methylgalactoside can also be obtained. 
This is probably a derivative of y-galactose (1 : 4 ring) (J.C.S. 125 , 2468). 

Tetramcthyl-oi- and - ^-methylgalactoside ^ a.-, b.p. 137°/11 mm., jS-, m.p. 45° 
(C. 1904, II. 892). 

2:3:5: 6-T etramethyl galactose - <\ : 4> is obtained by methylation of the 
above laevorotatory methylgalactoside. It does not crystallize and has [ajo 
— 21*2° (no mutarotation). 2:3:4: 6 -Tetramethyl galactose - <\ : 5>, [a]© 

+ 109°, is obtained by direct methylation of galactose. 1:2:3: 4:-Diacetone- 
galactose- <\ : 5> is obtained from galactose and acetone and sulphuric acid, 
b.p. 131-139°/0-2 mm., [aj^g yeUow — 60-9° (in tetrachloroothane) (Ber. 56, 
2122 : 59, 100). Triphenylmcthylgalactose, m.p. 73-75°. 

Pentaacetyl galactose f m.p. 142°, acetochlorogalactosc , m.p. 76° (82°), aceto- 
bromogala, close, m.p. 83°, and acetonitrogalactose, m.p. 94°. a- and ^-Oalactose 
pentanitrate y m.pp. 115° and 72° (Ber. 31, 74). Qalactochloral, m.p. 202° (Ber. 
29 , 544). 

Oxime y m.p. 175°, see p. 714. Phenylhydrazoney m.p. 158° ; osazoncy m.p. 
193°. Galactose ayninoguunidine chloride (Ber. 28 , 2613). Ethyl mercaptal, m.p. 
127° ; ethylene mcrcaptaly m.p. 149° (Ber. 29 , 547). 

(6) d-Talose, CH20H[CHOH]4CHO, is formed by the reduction of the lactone 
of c/-talonic acid (p. 714) (Bor. 24 , 3625). Spaoe formula, p. 706 ; c/. Ber. 
27 , 383. 
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(7) Rhamnohexose, ineihylhcxoae, CHsCHOH(CHOH] 4 CHO, m.p. 181'’, is 
prtHiucod by the reduction of rhamnose carboxylic acid ; osazoiie^ in.p. 200°. 
It forms methylheptonic acid with hydrocyanic and hydrochloric acids. 

3 A. KETOHEXOSES 

(1) Fructose, CH 2 CHOH*CHOH CHOH C(OH) CH.,OH, is known 
in the modifications d-, U and rfZ-fructose. 

fZ-Fructose, Icpvuhsc, fruit sugar (configuration, see p. 709 : ring 
structure, cf. J.C.S. 1926, 1858 : Ber. 60, 1168), m.p. 95°, occurs 
in almost all sweet fruits, together with dextrose. It was discovered 
in 1847 by Dubrunfaut. It is formed, (1) together with an equal 
amount of glucose, in the decomposition of sucrose, and is separated 
from the latter through the insolubility of its calcium compound 
(Ber. 28, R. 46 : C. 1928, I. 1280). As fructose rotates the plane 
of polarization more strongly towards the left than dextrose does to 
the right, the decomposition of the sucrose leads to the formation of 
a hevorotatory invert sugar solution (p. 725). 

(2) On heating inulin with water to lOO'" for twenty-four hours, 
it is changed exclusively to laevulose (Ann. 205, 162 : Ber. 23, 2107). 
It can also be obtained from secalose, a carbohydrate contained in 
green rye plants (Ber. 27, 3525). 

(3) It is formed together with d-mannose in the oxidation of 
cZ-mannitol ; also (4) from rf-glucosazone, which is obtained from 
cZ-glucose or cZ- mannose as well as ^Z-fructose. This method of forma- 
tion allies fructose genetically with d-dextrose and (Z-mannose (p. 693). 
Hence, in spite of its Isevorotation of [a]n = — 92-3”, it is called 
cZ-fructose. 

Like glucose, fructose exists in two stcreoisomeric forms, a- and 
/Z-fi-fructose : the pure ft-iorm has [ajo — 133-5'', and in aqueous 
solution an equilibrium mixture is formed having [a]n — 92-3" (Ann. 
257, 166). 

Fructose crystallizes with difTiculty, and dissolves with greater 
difficulty than dextro&c. By reduction it yields d-mannitol and d- 
sorbitol : and when oxidized the products are cZ-erythronic acid 
(p. 651) and glycollic acid. It is partially converted into cZ-dextrose 
and d-mannose by alkalis (p. 687). Heated under pressure with a 
little oxalic acid, d-fructose yields hydroxymethylfurfural (Ber. 28, 
R. 786). It yields d-fructose carboxylic acid (p. 715) when treated 
with hydrocyanic and hydrochloric acids ; this may be reduced to 
methylbutylacetic acid, wffiereby the constitution of fructose is proved. 
Phenylhydrazine and fructose yield d-glucosazone. 

f^-Mrthyl-d-frucloside (Bor. 28, 1160), rn.p. 119-120°, [aj„ — 1731° (J.A.C.S. 
38, 1216). \ : 'd : 4k : U’Tctranietkyl-p-m(thylfruct()8idCy rn.p. 34°, [a]n — 149° 
(in water). 1 : 3 : 4 : b-TctramethylJrucUksc- <2 : 6>, rn.p. 98-99°, [aj^ — 124- 
121° (J.C.S. 121, 2696 : constitution, J.C.S. 1927, 1040), is obtained by methyla- 
tion of normal fructose. The isomeric I : ^ ^ : i\-tctrarn(’thylfructf)8r.- <2 : r)> y 
h.p. 1.74 /13 mm., [ajp -f 30° (?), is obtained by hydrolysis of the inothylation 
products of inulin and of cane sugar. 

}*ho8])}u)ric (Hiera of fructoacy see J. Biochorn. (Japan), 6, 31. 

JJidrf.Ujm'fructospy a-compound, rn.p. 118°, m.p. 97°, are formed from 
fructow? and acoUme in presence of sulphuric acid (Bor. 57, 1566). Pe/ita- 
acety/Jructoae- <2 : 6>, a-form, rn.p. 70°, [a]© -f 34-7°, jS-fonn, m.p. 109°, [ajo 
- 120-5°. 

y-Fructose, /nictqfuranoae (2 ; 5 oxide ring) (see J.C.S. 1927, 1613), is ua- 
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stable in the free condition and immediately reverts on isolation to normal 
tructopyranose. The sugar occurs linked to normal -glucose in cane sugar in 
the furanose form (Trehalose type, see p. 722) and in inulin, the fructose resi- 
dues also exist in this form. In addition to the 1 : H : 4 : 6-tetramethylfructoso 
described above, a- and ^-rnethylfructofurmtoMides are known, [ajn > + 
and - 17” (Ber. 58 , 1842: J.C.S. 121 , 2238). 

Lmmdosan (fructosan)^ m.p. 1.50”, [ajn + 18-6” (in water), is formed by heating 
fructose in vacuo at 120” (Helv. Chim. Acta. 4 , (>13). Hctrrolcemilosany see 
Helv. Chim. Acta. 9 , 809. 

lAT’vulorfdoraly m.p. 228” (Ber. 29 , R. .544). a- and ^-Loevuloaan trinitratCy 
CflH705(N02)3, m.p. 137” and 48” (Ber. 31 , 76). 

/-Fructose is produced by fermenting dl- fructose (a-acrose) with yeast, 
whereby the c/-modifi cation is removed (Ber. 23 , 380). 

r//-FructOse or a-Acrose. — The resolvable fructose modification is, by 
virtue of its own synthesis, of the greatest importance in the synthesis of sugars 

(p. 700). 

JlistoricaJ. -MetJiylcmtany the first compound resembling the sugars that 
was prepared, was obtained by Butlerow (1861), who condensed trioxyrnethylene 
(p. 236) with lime-w'ater. O. Loew (188.5) obtained /ormn.sr, (CH26H)2C(0H)- 
CH(0H)*C0-CB201I (?) (J. pr. Chem. 33 , 321 : C. 1897, I. 803, 906) in an analo- 
gous manner from trioxymethylene, and somewhat later the fermentable 
mctlhoscy by the use of magnesia (Ber. 22 , 470, 478). K. Fischer showed these 
three compounds to be mixtures of different hexoses, among which a-acrose occurs 
(Ber. 22 , 360). The latter, together with )3-acrose, is obtained more easily by 
the action of barium hydroxide on acrolein bromide, C3H40Br2 {E. Fischer 
and J. Tafely Ber. 20 , 1093), and also by the condensation of so-called 
(flyccrose ' or glvcei'ic aldelivde, CH20H'rHOH-CHO, or dihvdroxyacetone, 
CH20H-CO-CH20H (Ber. 23 , 389, 2131 : 35 , 26.30). Reduction converts 
r//-fructoso or a-acrose into dZ-rnamiitol or a-acritol. 

(2) rZ-Ta^atOse, CgHi2f)6^ m.p. 124°, is formed by the action of potassiiun 
hydroxide solution on galactose. It is a ketose. d-Tagatose, galactose, and 
talose yield the same osazone, and therefore bear the same relation to one another 
as laivulose, dextrose, and mannitol. The above-mentioned alkali treatment 
also pnxluces galtose and 

(3) Z-Sorbose, 4^~Tagatos€y m.p. 154”, the optical isomer of 

d- Sorbose, sorbinose, C6Hj2t>6, m.p. 154”. This is obtained from d-sorbitol 
(p. 680) by the action of Bacieriimi xyVnnnn, and unites with Z-sorbose to form 
dZ-sorbose. d- and Z-Sorbose yield on reduction, as well as d- and Z-sorbitol, 
d- and Z-iditol (p. (>80). Sorbose stands to gulose and ido.se in the same relation 
as fructose to glucose and maimose (C. 1900, I. 758). 

Hexose and Pentose Imines and Amines 

Ammonia unites with the hexoses with loss of water to form dextrosimine, 
mamiosimino, galactosimine, and forms with the pentoses arabinosimine, xylosi- 
mine, etc., which are decomposed by acids into the original aldoses and am- 
monia. Isomeric with the hexosimines is 

d-Glucosamine chitosaininc, CH20H[CHOH]3CH (XH 2)CHO, m.p. 110” 
(decomp.) (Ber. 31 , 2476), obtained with other hexosamines, by hydrolysing 
witli hydrochloric acid the chitin of the armour of lobsters, and from the cellulose 
of the fungus Boletus edulis ; also from the hydrolysis of proteins, particularly 
mucin (see Ber. 34 , 3241, etc.). It is therefore of great physiological interest. 
It is prepared synthetically by reduction with sodium amalgam of the lactone of 
d-glucosaminic acid, w’hich is formed from d -arabinosimine, hydrocyanic, and 
hydrochloric acids (Ber. 36 , 28). The compoimd was originally regarded by 
Idscla^r as a 2-aminoglucose, but more recent work by Levone has shown gluco- 
samine to be really a 2-aminomannose (Biochem. Z. 124 , 27). It reacts with 
phenyl wrucyanate to form a conipoutidy m.p. 211”, water being eliminated, 
and with pheiiylhydrazine yields glucosazone (p. 693). With hydroxylamine 
it yields glucosainmc oximcy m.p. c. 122” (Ber. 31 , 2198). The action of nitrous 
acid does not produce glucose or mannose, but the unfermentable sugar chitose, 
CgHioOg, is produced, which is regarded by Levene as a 2 : 5 -anhydro mannose 
(Ber. 36 , 2587). Oxidation with bromine water yields d-glucosaininic acid (p. 
714) and oxidation by nitric acid, the dibasic chitonic or Z^fosaccharic acid (p. 719). 
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Chondrosaminc {^-Ainitwtalosey J. Biol. Chem. 31, 609) ip isonioric with 
phicosamine ami is a constituent of the cliondroglycoprotoins (J. Biol. Chem. 
26, 143). 

d-Fructosamlne {^^ocjlucnsamhw,)^ CB ji()H-(CHOH )3 CO-CH2NH is ob- 
tained by the reduct ion of glucosazone, and on furtlior reduction by sodium 
amalgam yields d-mannamiiio and f/-glucainine (p. (>8I). With nitrous acid it 
forms d-fructose (Ber. 19, 1920). 

Other amino sugars liavo been synthesized. See Ber. 58, 295 : 59, 714. 

Tlie amino sugars, like the hexoses, form glucosides, which are obtained 
from the triacetylbromoaininohexoses and alcoliols or phenols. 

Thiosugars. — Thioglucosides are obtained from acetobromohexoses and the 
silver salt of alkjdiminothiocarbonic esters : 

R N : C(OEt)-S:Ag -f Br iHoxose. 

These compounds on hydrolysis give the thiohexoses, which are obtained pure 
only with great difliculty (Ber. 47, 1200, 2225 : 49, 1038 : 50, 793). 

2 B. ALDOHEPTOSES, ALDOOCTOSES AND ALDONONOSES 

(K. Fischer, Ann. 270, 64.) 

Just as aldohexoses can be built up from aldopentoses, so can aldoheptoses 
be obtained from aldohexoses, and aldooctoses from the aldoheptoses, etc., — 
€.g. hydrocyanic acid is added to d-nmnnose, the lactone of d-mannoheptonicr 
acid is then reduced to d-mannoheptose, wdiich, subjected to the same reactions, 
yields d-mannooctose (see ]). (>87). The heptosos and octoses do not ferment, 
but mannononose is fermented by yeast. Heptitols, octitols and nonitols are 
formed in their reduction (p. ()81). 

d-Mannoheptose, C 7 Hi 4 () 7 , m.p. 135° [a]^!’ 4- 08-0°, is obtained (I ) from the 
lactone of inannoheptonic acid (p. 715) ; (2) {lerseitol yields it when oxidized 

(ji. 681). Its hyflrazoiie, m.p. about 198°, dissolves with difficulty; oaazonc, 
m.p. about 2oO° (Ber. 23, 2231). Sodimn amalgam conv^erts it into perseitol 
(p. 681). Z-Mannoheptose (Ann. 272, 186). 

a-Glucoheptose, C7H14O7, m.p. about 190° ; osazone, m.p. about 195° : 
best identified as 2 : A-dinitrophcnylhydrazoyie,^ m.p. 181°, or 2 : 4-dmitrophenylom- 
zom, m.p. 232". Preparation of pure sugar, Z. physiol. Chem. 167, 37. Physio- 
logical behaviour, C. 1902, II. 634. jS-Glucoheptose, Ann. 270, 72, 87. 

a-Galaheptose, C 7 H 14 O 7 , from a-galaheptonic acid, forms an ofiozotw, in.]), 
about 200° ; it is converted by hydrocyanic and hydrochloric acids into gala- 
octonic acid (p. 715). Galaheptose, m.p. (decomp.) 190-194°, is obtained 
from the lactone of ^-galaheptonic acid (Ann. 288, 139). 

d-Mannooctose, CgHj^Og, is obtained from the lactone of rnamiooctonic 
acid (Ber. 23, 2234). a-Glucooctose (Ann. 270, 95). a-Galaoctose (Ann. 
288, 150). 

d-Mannononose, C^HigO^, obtained from the lactone of d-mannonononic acid, 
is very similar to dextrose, and ferments under the influence of yeast ; hydrazoiie^ 
m.p. 223° ; osazoiif , m.p. about 227° (Ber. 23, 2237). Glucononose (Ann. 270, 
104). 

Synthesis of d-Glucose and c^-Fructose 

As already njentioned, Emil Fischer succeeded in isolating a-acrose or d/ fruc- 
t<jsi^ fn)m the condensation products of glycerose (p. 589) and formaldehyde 
(p. 235). He used this as the parent substance for the synthesis, not only of 
d-glucose and d-fructose, but also of d-inannose, d-mannitol, d-sorbitol and the 
Z-enantiomorjihs of these substances. The relationships between the compounds 
is shown on p. 701. 

The reduction product of a-acrose, a-acritol or dZ-mannitol is difficult to obtain 
in reasonable quantity by the synthesis of a-acrose by aldol condensation of 
glycerose and subsequent reduction, and for this reason, its constitution having 
b^n established, Fischer obtained further quantities by the following process. 
d-MannitoI is oxidized to d-mannoso and the latter to d-rnannonic acid, which 
readily yields a lactone by loss of water. /-Arabinose combines with hydrogen 
cyanide to form the nitrile of Z-arabinosecarboxylic acid, or Z-mannonic acid. 
From the latter a lactone is also obtained, and by mixing equal amounts of the 
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d- and /-isomers, f/Z-mannonolaotono is obtained, which, on reduction, yields 
successively dZ-inannose and d/-mannitol, the latter being ident ical with a*acritol. 

d/-Mannonic acid, like racemic acid (p. (i5G), can be resoh ed by strychnine and 
morphine into d- and /-inannonic acid. By the reduction, on the one hand, of 
the lactone of d-maimonii' acid, d-mannose and d-mannitol are formed, and, on 
the other hand, d-mannose and phenylhydrazine yield d-ghuH)sazono, which can 
also he obtained from d-glucose, and laevulose or d-fructose. 

d-Glucosazone yields dextrosone (p. (>80), and the latter by reduction forms 
Icrrulosc or d-fnictose. 

To pass from d-mannonic acid to d-glucose, the former is heated to 140° with 
quinoline, whereby it is then partially converted into d-gluconic acid. Con- 
versely, the latter under the same conditions changes in part to d*mannonic acitl 
(c/. the intertransfonnation of d-dextrose and d-mannose, by the action of alkalis, 
(p. 087). d-CaiKcosi or grape sugar is formed in the reduction of the lactone 
of d-gluconic acid. d-SorbitoI is produced when grape sugar is reduced. Pro- 
ceeding from /-inannonic acid, the corresponding /-derivatives are similarly 
obtained. l-Fructose is left by the fermentation of dZ-fructose or a-acrose, and 
\-mannose in like manner from d/-mannose. 

The gulose group and the sugar-acids, produced in the oxidation of the 
pentahydroxy-iecaproic acids, are also considered in the table. d-*SVzrc/^aric acid, 
resulting from the oxidation of d-gluconic acid, yields d-gulonic acid on reduc- 
tion, and the lactone of the latter by similar treatment changes to d-gulo.sc, the 
second aldehyde of d-sorbitol. 

The aldohexoses are coimeetod wdth the aldopentosos (1) through \-arabinosr, 
which, by the addition of HCN, as already mentioned, yields arabinosecarboxylic 
acid or /-rnaimonic acid, and /-gluconic acid ; (2) through the xyloses, the HCN- 
addition product of w hich is the nitrile of xylosecarboxylic acid, or /-gulonic acid. 
Oxidation changes /-gulonic acid to /-saccharic acid. \-Oulo8e and l-sorbitol aro 
formed in the reduction of its lactone. 


A. The Space-Isomerism of the Pentitols and Pentoses 

./. H. ran ’/ Die Lagcriuig der Atome in Haum (1’rans. Herrmann, 

Vieweg, Braunschweig, 1908 : Hantzsch, (Irundriss der Stereochemie, Leipzig, 
1904 : Wcrticr, Lehrl)uch der Stereochemie, Fi.scher, Jena, 1904 : Wedekind, 
Stereochemie, Berlin, 1923.) 

’ ’ ' * 

The structural foiTnula of the normal, Bimj)le8t j)entitol : CHoOH-GHOH-- 

CHOH CHUH-CHgOH, contains two asymmetric carbon atoms. The CHOH- 
gi'oup standing between tliem is the caus(' of two possible inactive modifications 
instead of one (the case with the tartaric acids), as the result of an internal com- 
jRjusation. Furthermore, theory permits of two optically active modificat ions, 
aiici a hftl) optically inactive form, arising from the union of the two optically 
active varieties. Tliis is the racemic or (//-modification, corresfjonding with 
(//-tartaric acid or racemic acid. These relations are most quickly and readily 
made clear by means of the atomic models. molecul(*-model is projectfHl 


upon the surface of the paper, 
tartaric acid are derived : 

and then formulje 

similar to those obser 

CO,H 

CO^H 

COJi 

1 

H-COH 

j 

HOCH 

1 

HCOIl 

1 

HDCH 

1 

HCOil 

1 

1 

HCOH 

I 

CO^H 

1 

CO.,H 

1 

CO^H 

(/-Tartaric; acid. 

/-Tartaric acid. 

i-Turtaric acid. 


The foiTnula3 f(jr th(! four Hten;o(;heinically difTerent pentitols arise in the same 
manner as in the casi^ of th(! tartaric acids. h5ii]ipos<j these foui' ptait itols to be 
oxidized, in one instance the upj)er C’H^OH-group, and tlaai the lovv(‘r similar 
group having been converted into the CHO-grouj), there will result t'ight stereo- 
(dK^mically different aldopentow^ formulas none of whi(!h passes into any other 
by a rotation of 180°. The number (ff predicted 8i)ace-isomers with n sym- 
metric carbon atoms and with an aHymmotric formula may be more easily 
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deduced by applying the 2” formula of van ’t Hoff, in which n indicates the number 
of asymmetric carbon atoms. In the aldopentoses m = 3, hence 2” ~ 2^ — 8^ : 


Pentitol {and Tri- 
hydroxy • 
gluiaric acids). 

(1) CH^OH 

(!') 

Aldopentoses {and Fentone acids). 
CHO CHgOH (21) 

1 1 

CHO 

1 

1 

HCOH 


HCOH 

HCOH 


1 

HOCH 

1 

HOOH 


j 

HCOH 

1 

HCOH 

or 

HOCH 

1 

HCOH 


j 

HCOH 

1 

HCOH 

1 


1 

HOCH 

j 

CHgOH 
Adonitol (llibotri- 
hydroxyglutaric acid). 


j 

CH2OH 
d -Ribose. 

CHO CH2OH 

/-Ribose 
(/-Ribouic acid). 

(2) CH2OH 

(3*) 

CHO 

CH2OH 

( 41 ) 

CHO 

j 

HCOH 


1 

HCOH 

1 

HCOH 


j 

HOCH 

j 

HOCH 


1 

HOCH 

j 

HOCH 

or 

HCOH 

1 

HCOH 


j 

HCOH 

j 

HCOH 


HOCH 

j 

CH2OH 
Xylitol (Xylotri- 
hydroxygluturic acid). 


1 

CH2OH 
/-Xylose 
{/-Xylonlc acid). 

j 

CHO 

6/-Xylose. 

CH2OH 

(3) CH^OH 

(5‘) 

CHO 

CH2OH 

(G>) 

CHO 

1 

HO-CH 


j 

HOCH 

1 

HOCH 


1 

HOCH 

j 

HCOH 


j 

HCOH 

j 

HCOH 

or 

j 

HOCH 

1 

11 COM 


j 

HCOH 

j 

H-COH 


HCOH 

1 

CH2OH 
(/-Arabitol ((/-Tri- 
liydroxyglutaric acid). 


j 

CH2OH 
(/-Arabiuose 
((/-Araboiiic acid). 

J 

CHO 


1 

CH2OH 

d-Lyxose 

(d-Ly.xouic 

acid). 

(4) CH^OH 

(7‘) 

CHO 

CHgOH 

(8>) 

CHO 

j 

HCOH 


1 

HCOH 

1 

HCOH 


j 

HCOH 

j 

HOCH 


1 

HOCH 

j 

HOCH 

or 

1 

HCOH 

1 

HOCH 


j 

HOCH 

j 

HOCH 


1 

HOCH 

1 

CHgOH 
1-Arabitol (/-Tri- 
liydroxyglutaric acid). 


1 

CH 2 OH 
/-Arablnose 
(/-Arabonic acid.) 

j 

CHO 


1 

CH 2 OH 

/-Lyxose, 


The stereo isomeric aldopentoses are capable naturally of imiting to four 
inactive double molecules, which can be resolved. The space -formulsB (7^) and 
(3^) for ordinary or /-arabinose and the xyloses follow from the intimate con- 
nection of the Z-arabinoses with /-glucose, ami the xyloses with /-gulose, as will 
be shown later (p. 709). 

If the space-formula of inactive xylitol may be considered as established, 
there remains but one possible formula for inactive adonitol, the reduction prod- 
uct of ribose. 

Four trihydroxyglutaric acids (p. 077) correspond with the fom theoretically 
predicted pentitols. The same number of eight space isomers as indicated by 
the pentoses are possible also for the corresponding monocarboxylic acids, 
the tetrahydroxy-n-valeric acids, as well as for theii* corresponding aldehydo- 
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carboxylic acids, and also for the ketoses of the hexitol series, to which fructose 
belongs. 

B. The Space -Isomerism of the Hexitols, the Aldohexoses 
and the Gluconic Acids 

Tlie structural formula of the normal and simplest hexitol : 

•4 *3 *2 *1 

CHgOH CHOH CHOH-CHOH-CHOH CHjjOH, contains four asymmetric carbon 
atoms. The theory of van *t Hoff and Le Bel permits of ten possible space- 
isomeric configurations for such a compound. 

In tartaric acid (p. 053) we started with the point of union of the two asym- 
metric carbon atoms in determining the successive series ; and in hexitol also 
we begin in the middle of the molecule, and then compare C-atom 1 with C-atom 4, 
and C-atom 2 with C-atom 3. In this manner the ten hexitol configurations given 
below have been derived. 

If in each of the ten hexitols, in one instance the upper — CH 2 OH group, 
and in another the lower — CHjOH group 2, have been oxidized to aldoses, 
then twenty space -isomeric aldohexoses would result. However, each of the 
four hexitols (Nos. 1, 2, 3, and 4) yields two aldoses, whose formulas by a rotation 
of 180° pass into each other, which consequently would reduce the number of 
possible space -isomeric aldohexoses to 16. 

Ten tetrahydroxyadipic acids {aaccfiaric acids) correspond with the ten space- 
isomeric hexitols ; sixt^n pentahydroxy-n. -valeric or hexonic acids {gluconic 
acids) y and sixteen aldehydotetrahydroxymonocarboxylic acids {glucuronic 
acids) correspond with the sixteen space -isomeric aldohexoses. 

The hexitols £ind the tetrahydroxyadipic acids also have four inactive, racemic 
or ^/-modifications, the aldohexoses, hexonic acids, and aldehydotetrahydroxy- 
c€U*boxyUc acids, also 8 (//-modifications, as is evident from an inspection of the 
formulffi in the appended table. 

The number of theoretically possible space -isomeric aldohexoses, containing 
four asymmetric carbon atoms in the molecule, are more readily derived by 
employing the van ’t Hoff formula 2" given above with the aldopentosos. This 
for 2* would give sixteen space -isomeric aldohexoses. 

The space -isomerism of the ketohexoses, containing three asymmetric C -atoms, 
has been included in the isomerism of the aldopentoses (p. 703). 


Hexitols {and , 
(1) CH 2 OH 

I 

HCOH 

I 

H-C'OH 

I 

HC-CH 

I 

HOCH 

1 

CHjOH 

Mklaimitol 

(/-MannoBaccharic 

add). 

(3) CHjOH 
I 

HOCH 

I 

HCOH 

I 

HOCH 

1 

HCOH 

I 

CH,OH 

Mditol 

(/-Idesaccharic add). 


Saccluiric acids). 

(2) CHjOH 

HOCH 

I 

HOCH 

I 

HCOH 

I 

HCOH 

I 

CHjOH 
(Z-Mamiitol 
( J-Mannosacchaii c 
add). 

(4) CHjOH 

I 

HCOH 

I 

HOCH 

I 

HCOH 

I 

HOCH 

I 

CH,OH 

(^-Iditol 

(d-ldosaccharic add). 


I Aldohexoses {and 
(H) CHO 

I 

HCOH 

I 

HCOH 

I 

HOCH 

I 

HOCH 

I 

CHjOH 
l-Manncme 
(/-MunuoDic add). 

( 31 ) CHO 

I 

HOCH 

I 

HCOH 

1 

HOCH 

I 

HCOH 

I 

CH 2 OH 

MdoBti 

(/'Iduziic add). 


Hexonic acids). 
(21) CHO 

I 

HOCH 

I 

HOCH 

I 

HCOH 

I 

HCOH 

i 

CH.,()H 

fAMuillKJHt' 

(eZ-Mauiiouio add) 

( 41 ) CHO 
I 

HCOH 

I 

HOCH 

I 

HCOH 

I 

HOCH 

1 

CHjjOH 

(/-IdoBe 

(d-lduuic add). 
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(6) CH 2 OH 

I 

HOCH 

1 

HCOH 

I 

HOCH 

HOCH 

I 

CH2OH 
i-Sorbitol 
(^-Saccharic acid). 

(G) CHjjOH 

I 

HCOH 

I 

HOCH 

I 

HCOH 

I 

HCOH 

I 

CHaOH 
d-Sorbitol 
(d-Saccharlc acid). 

(7) CH 2 OH 
1 

HCOH 

I 

HOCH 

1 

HO C II 

I 

HCOH 

I 

CHgOH 
Duicitol 
(Mucic acid). 

(8) CH,OH 

I 

HCOH 

I 

HCOH 

1 

HCOH 

I 

HCOH 

1 

CH*OH 

(Allomucic acid V). 

(9) CHjOH 

1 

HCOH 

I 

HCOH 

I 

HCOH 

1 

HOCH 

I 

CHgOH 

(/-Talomucic acid). 


! (5^) CHO 

i I 

I HOCH 

1 

I HCOH 

I 

HOCH 

I 

HOCH 

I 

CH 2 OH 
I /-Glucose 

(Z-Gluconic acid). 

(7^) CHO 

I 

HCOH 

1 

HOCH 

I 

H C OH 

1 

HCOH 

I 

CH 2 OH 

d-Glucose 

I (d-Giuconic acid). 

(91) CHO 

I 

H-COH 

I 

HOCH 

1 

HOCH 

I 

HCOH 

I 

CH 2 OH 
d-Galactose 
(d-Galactonic acid). 

(l]i) CHO 

I 

HCOH 

I 

HCOH 

I 

HCOH 

I 

HCOH 

I 

CHgOH 

d-Allose. 

(I 31 ) CHO 

I 

HCOH 

I 

HCOH 

I 

HCOH 

I 

HOCH 

1 

i CHjOH 

I /-Talose. 


(61) CHO 

I 

HCOH 

1 

HCOH 

I 

HOCH 

I 

HCOH 

I 

CH,OH 
Z-Gulose 
(/-Gulonic acid). 

(81) CHO 
I 

HOCH 

I 

HOCOH 

I 

HCOH 

I 

HOCH 

I 

CH2OH 
d-Gulose 
(d-Gulonic acid). 

(101) CHO 
I 

HOCH 

I 

HCOH 

I 

HCOH 

I 

HOCH 

I 

CHgOH 
/-Galactose 
(/-Galactonic acid). 

(12») CHO 
I 

HOCH 

I 

HOCH 

I 

HOCH 

1 

HOCH 

1 

CHaOH 

/-AUose. 

(I 41 ) CHO 

I 

HC-OH 

I 

HOCH 

I 

HOCH 

I 

HO C H 
1 

CH,OH 

/-Altroee. 

ZZ 
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(15‘) 


HOCH 

I 

HOCH 

I 

HOCH 

I 

HC-OH 

I 

CHjOH 

</-Talitol (rf-Talomucic acid). 


CHO 

I 

HO C H 


HOCH 

I 

HOCH 

I 

HC-OH 


CH2OH 

rZ-Talose (rf-Taloiiic acid). 


(16^) CHO 

I 

HOCH 

I 

H-C-OH 

I 

H-COH 

I 

H-COH 

I 

CH2OH 

</-Altro8e. 


To render rational names possible, E. Fischer has proposed to indicate the 
configuration by the sign + or — . These are not intended to show the influence 
of the individual asymmetric carbon atom upon the optical properties of the 
molecule, as v^an ’t Hoff formerly expressed it, but merely the position of a sub- 
stituent upon the right or left side of the preceding configuration formulae. (See 
also Ber. 40 , 102.) The formula should be so viewed that in the sugars the alde- 
hyde or ketone group, and in the monobasic acids the carboxyls, stand above. 
The numbers begin above, and the sign -}- or — represents the position of 
hydroxyl, e.g. : 

Grape sugar, d-dextrose = Hexanepentolal -f — + + (Formula 7^). 

d-Gluconic acid . . = Hexanepentol acid + — + + (Formula 7^). 

Leevulose, d-fructose . — Hexanepentol-2-one — -f- -f . 


“ In the case of symmetrical structure, — as it exists, for example, in the 
diacids and alcohols of the sugar group, — there is no favoured position ; con- 
sequently, presuming that the numbering invariably proceeds from the top down, 
we get a doubled steric designation,” e.g. : 

d -Saccharic acid . =- Hexanetetrol diacid -f — 4-+or — — -f — 

Dulcitol . . = Hexanehexol . — -for— -f-f 


A similar derivation of the projected space-formulie of the hexoses is carried 
out by Wohl and Freudenberg (Ber. 56 , 309), starting from d-glyceraldehyde 
(dextrorotatory), which is connected with d-glucose by way of tartaric acid. 

For this system it is necessary only to have a convention that the carbonyl 
group of the hexose (in agreement with E. Fischer) is written to the right in a 
horizontal formula, or at the top in a vertically written formula, and the con- 
H 


figuration H-C-OH or 


— C — of the adjacent carbon atom is described as d-. 


OH 


H 


d-glyceraldehyde having on this basis the projected formula CHgOH — C — CHO. 

OH 

The configuration of various sugars is deduced in the following table, (-f-) and 
( — ) denote the actual direction of rotation. 


TrJose. 


dd 


Tetroses. 


Pentoses. 


Erythrose 


ddd — d( — )ribose 

ddl = d(-)Arab. 
inose 


d =d( + ) 

Glycer aldehyde 


dl = d-Threose 


did d(-f ) 

Xylose 

dll = d( — )Lyxose 


Hexoses. 


dddd = d-Allose 
dddl = d-Altrose 
ddld = d -Glucose 
ddll — d-Mannose 


dldd d(-f )Gulose 

dldl = d(-f-)Ido8e 
dlld == d( -f )Galactos 0 
dill = d(-f )Talo8e 
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Derivation of the Space-formula for d-Glucose or Grape Sugar 

The following relations arranged first in the diagram are the basis of this 
derivation : 

d-Gulose < — d-Gulolactone -< — r/*Gulonic acid 

^ I \ 

I. d-Sorbitol d-Saccharic 

\ I /f acid 

d-Glucose -> d'-GIuconolactone d-Gluconic acid 

II. d-Glucoae -> d-Glucosazono d-Mannose 
_ d-MannitoI 


III. d-Fructose^^- — 


->d-Dextrosazone 


IV. /-Arabitol <- 


d- Sorbitol 


/-Arabinose 



Z-Mannonic acid 
Z-Arablnosecarboxyllc acid. 


Z -Gluconic acid ■ 


-> /-Glucose 


V. Xylitol^ 


• Xylose 


->• Z-Gulonic acid 


Xylosecarboxylic acid. 


-> Z-Gulose. 


Diagram 1 shows that d-glucose or grape sugar and d-guloae yield the same 
d-saccharic acid. Hence it follows that d-saccharic acid and the d-sorbitol corre- 
sponding with it cannot have the formulae (1), (2), (3), (4) (p. 704), because it is 
only the hexitols and saccharic acids, (5), (6), (7), (8), (9), (10), which yield two 
space-isomeric aldohexoses each. The formulae (7) and (8) of the six space- 
formulae represent, by virtue of internal compensation, optically inactive 
molecules, which therefore disappear for the optically active d-saccharic acid and 
d-sorbitol. 

The fact that d-saccharic acid and d-mannosaccharic acid, d-gluconic and 
d-mannonic acids, d-dextrose and d-mannose, d-sorbitol and d-mannitol, only 
differ by the varying arrangement of the univalent atoms or atomic groups with 
reference to the carbon atom, which in d-dextrose and d-mannose is linked to 
the aldehy do -group, makes it possible to decide between the stereoisomeric 
formulae (5) and (6), (9) and (10) ; for d- and Z-saccharic acid, d-mannose and 
d-glucose, yield the same osazone (diagram II, above). Z-Arabinose treated 
with hydrocyanic and hydrochloric acids gives rise to both Z-mannonic or Z-ara- 
binosecarboxylic acid, and Z-gluconic acid (diagram IV, above). The same 
relations which are observed with Z-mannonic and Z-gluconic acid prevail naturally 
with their stereoisomers — d-mannonic acid and d-gluconic acid. A mixture of 
d-mannitol and d-sorbitol is obtained by the reduction of d-fructose. 

Assuming that d-sorbitol and d-saccharic acid possessed the space -formula' 
(9) or (10) (p. 705) : 


I 

HC*OH 

I 

HCOH 

I 

HCOH 

I 

HOCH 

I 

CH„OH 


(10) CHjOH 

I 

HOCH 

I 

HOCH 

1 

HOCH 

I 

HC*OH 

I 

CH.OH 
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then d-mannitol, and also d-mannosacoharic acid, would have the formulae 
(7) or (8) : 

(7) CHaOH (8) CH,OH 


HCOH 

HC*OH 

1 

HOCH 

1 

HCOH 

j 

HOCH 

1 

HC OH 

1 

HC*OH 

1 

HCOH 

j 

CHgOH 

1 

CH 2 OH, 


because only these formulae differ from (9) and (10) exclusively in the varying 
arrangement of the atoms or atom groups with reference to the asymmetric 
carbon atoms designated by asterisks. However, formulae (7) and (8) by internal 
compensation give rise to inactive molecules, consequently cannot give the 
configuration of d-mannitol amd d-mannosaccharic acid. 

Thus, for d-sorbitol and Z-sorbitol, d-saccharic acid and /-saccharic acid there 
remain only formulae (5) and (6), from which (6) is arbitrarily selected for d-sorbitol 
and d-saccharic acid, and (5) for /-sorbitol and /-saccharic acid. “ When this 
has been done then all further arbitrary selection ceases ; now the formulae for 
all optically active compounds connected experimentally with saccharic acid 
are regarded as established ” (Ber. 27, 3217). Hence, the space-formula (2) falls 
to d -mannitol and d-maimosaccharic acid, and formula (1) to /-mannitol and 
/-mannosaccharic acid, which would also give formulae (2) and (P) to d- and 
/-mannonic acids (p. 704). 

The aldohexoses (7^) and (8^) (p. 705) correspond with d-sorbitol and the 
saccharic acid with space-formula (6) : 


(6) CHjOH (7') 

CHO 

(8^) CH 2 OH (8^) 

CHO 

j 

HCOH 

1 

HCOH 

j 

HCOH 

1 

HOCH 

HOCH 

1 

HOCH 

1 

HOCH 

j 

HOCH 

1 

1 

1 ^ or when 

1 

HCOH 

HCOH 

HCOH 

H-C-OH rotated 

1 

1 

1 180" 

1 

HCOH 

HCOH 

HCOH 

HOCH 

CHjOH 

d-Sorbitol (d-Saccharic acid). 

CH 2 OH 

j 

CHO 

1 

CH 2 OH 


In order to obtain the aldehyde group at the top of the formula image, formula 
(8^) must be turned 180°. This converts it into formula (8^), and the succession of 
the atomic groups attached to the asymmetric carbon atom is naturally not altered. 

The choice between formulae (7^) and (8^) for d-dextrose and d-gulose still 
remains. We are able to determine this if we can select out the space-formulae 
for the two stereoisomers — /-glucose and /-gulose. This is possible with a 
proper consideration of the genetic relation of tlie last two bodies with /-arabinose 
and xylose, as represented in diagrams IV and V (p. 707). 

The formulae (6^) and (6^) of the aldohexoses correspond with the formula (6) of 


/-saccharic acid. 

(6^) wlien rotated becomes (6^) : 



(5) CH 2 OH 

( 51 ) CHO (£) CH 2 OH 

(G^) 

CHO 


I I ~ I I 

HOCH HOCH HOCH HCOH 


I I I i 

HCOH HCOH HCOH HCOH 


HOCH 

HOCH 

HOCH 

or when 

HOCH 

1 

1 

1 

rotated 

1 

HOCH 

HOCH 

HOCH 

180“ 

HCOH 


CH,OH 

/-Sorbitol (/.Saccharic acid). 


CHjjOH 


CHO 


CHjjOH 
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Remembering that, according to diagram IV (p. 707), it is possible to obtain 
^-glucose from Z-arabinose, and, accordmg to diagram V, Z-gulose from xylose, 
then the pentoses mentioned must have the space-formulas which can be derived 
for formulas (6^) and (6^) by omitting the first of the C*-atoms, by which the 
structure becomes asymmetric : 


(01) CHO 

1 

HC*-OH 

I 

H-COH 

I 

HOCH 

I 

HCOH 


(51) 


CHO 

1 

H-COH 

I 

HO-C-H 

I 

H-C-OH 


CH^OH 

I 

H-C-OH 

I 

HO-C-H 

I 

H-C-OH 
I 


CHaOH 

CHaOH 

CHaOH 

Z-Gulose. 

Xylose. 

Xylitol. 

CHO 



1 

HO-C*-H 

1 

CHO 

1 

CHaOH 

1 

1 

H-C-OH X 

1 

H-C-OH 

1 

TJ.ri.riTT 




1 

HO-C-H 

j 

HO-C-H 

1 

HO-C-H 

I 

HO-C-H 

j 

HO-C-H 

1 

HO-C-H 

1 

CHaOH 

j 

CHaOH 

j 

CHaOH 

Z-Dextrose. 

Z-Arablnose. 

Z-Arabitol. 


It is at once seen that +.ho aldopentose corresponding with formula (6i) must, 
by reduction, yield an inactive pentitol, xylitol (p. 703) — through an internal 
compensation. Similarly, the pentose with formula (5i) changes to an optically 
active pentitol — Z-arabitol (p. 703). In this manner is fixed not only the configura- 
tion for xylitol and xylose, Z-arabitol and Z-arabinose, but it is also demonstrated 
that Z-gulose, from xylose, has the formula (6i), and Z-dextrose, synthesized from 
Z-arabinose, the space-formula (5i). (8^) is the stereoisomeric formula of space- 

formula (0^), which, therefore, belongs to cZ-gulose. Formula (7^) corresponds 
with space-formula (5i), and hence it belongs to cZ-glucose. From all this it would 
follow that d- and Z-mannoses have formulae (2^) and (P), which facts confirm 
that cZ-glucose and cZ-mannose on the one hand, and Z-glucose and Z-mannose 
on the other, pass into the same glucosazone — i.e, they differ only in the con- 
figuration at one as3mmetric C-atom. 

When it is remembered that cZ-fructose, by reduction, yields a mixture of 
d -mannitol and d -sorbitol, and d -glucosazone on treatment with phenylhydrazine, 
it will be recognized that both it and its corresponding d-arabinose must have 
the space -formulae ; 


CHg-OH 

I 

CO 

1 

HO-C-H 


CHO 

I 

HO-C-H 


I 

H-C-OH 

I 

H-C-OH 

I 

CHjjOH 

d-Fmetose. 


I 

H-C-OH 

I 

H-C-OH 

1 

CH,OH 

d-ArabinoBe. 


The configurations of other ketoses, such as tagatose and sorbose (p. 699), can 
similarly be derived. 
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Derivation of the Configuration of d-Tartaric Acid * 

The configuration of d-tartaric acid is evident, according to E. Fischer, from 
its production in the oxidation of d-saccharic acid. The formula of the latter has 
been previously deduced above. Tt is in harmony, therefore, with its formation 
in the oxidation of methyltetrose (p. (151), a decomposition product of rhamnoae. 
The latter, when oxidized, passes into Z-trihydroxyglutaric acid. The a-rhamno- 
hexonic acid, obtained from the rhamnose by the hydrocyanic acid addition, 
yields mucic acid on oxidation, and the latter, on similar treatment, changes to 
racemic acid. Assuming that the methyl group of rhamnose is eliminated in 
the oxidation of rhamnohexonic acid, rhamnose would have the following con- 
figuration-formula : 


CO 2 H CHO 

1 I 

HCOH HCOH 

I I 

H C OH ^ H C OH 

1 I 

HO-CH HOCH 

I I 

CO 2 H ? CH OH 

I 

CH3 

/-Trlhydroxy- llhaninoso. 

giutaric 
acid. 

This assumption has been proved through the behaviour of the stereoisomeric 
/S-rhamnohexonic acid, which results on heating a-rharnnohexonic acid to 140° 
with pyridine. All experiences go to show that the two stereoisomeric rhamno- 
hexonic acids only differ in the arrangement or position of the carboxyl group 
in direct union with the asymmetric carbon atom. Had the methyl group not 
been split off in the oxidation, but merely changed to carboxyl, then a- and 
/3-rhamnohexonic acids would have yielded the same mucic acid, because the 
asymmetric C-atom linked to carboxyl in a- and j3-rhamnohexonic acid, that 
caused thc^ difference in the two acids, would have been oxidized to carboxyl. 
/3-Rhamnohexonic acid, h'^^v«vor, oxidizes to /-talomucic acid, which justifies 
the precedmg assuinption, and consequently proves the configuration, even to 
the position of the asymmetric carbon atom linked to methyl. 

^Vohl’s procedure permits of the conversion of rhamnose into methyltetrose, 
which is oxidized to d- tartaric acid by nitric acid. Hence, we may suppose that 
here the methyl group is split off as in the case of the oxidation of rhamnose 
to Z-trihydroxyglutaric acid, and of a-rharnnohexonic acid to mucic acid. This 
then demonstrates the configuration of cZ-tartaric acid (Ber. 29 , 1377) : 


COgH 

I 

H-COH 

I 

HOCH 

I 

HCOH 


HCOH 

I 

CO2H 

rf-Sacoharic arid. 




♦ See also Kurt Hoesch, Sonderhett, Ber. 54 , 334. 
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4. HEXAKETONES 


Oxalylbisacciylacctoncy (CH 3 CO) 2 CHCO*CO*CH(COCH 3 ) 2 , is the parent sub- 
stance of dicyanohisacetylacetoney aai-tetraacetyl-)3j3i-diiminobutane, (CH3CO)- 
CHC(NH)‘C(NH)-CH(C0CH3)2, m.p. 147 °, which is prepared from dicyano- 
monoacetylacetone (p. ().'>2), acetylacetone, and a little alcoholate. Even when 
boiled in water it is changed into a carbocyclic derivative (Ann. 332 , 146 ). 


5. POLYHYDROXYMONOCARBOXYLIC ACIDS 

A. PENTAHYDROXYCARBOXYLIC ACIDS 

These acids are produced (1) by the oxidation of the alcohols and 
aldoses corresponding with them, by means of chlorine or bromine 
water (Ber. 32, 2273) with nitric acid (D 1*2) (Ber. 54, 456) or with 
barium hypoiodite (J. Biol. Chem. 72, 809) ; (2) by the reduction 
of the corresponding aldehydo-acids and lactones of dicarboxylic 
acids ; synthetically, from the aldopentoses (arahinose, rhamnose, 
p. 672) by means of HCN, etc. This is analogous to the synthesis 
of glycollic acid from formaldehyde, and lactic acid from acetaldehyde : 

CHO CN HCi CO2H 

I ^ 1 ^ ! 

CH3 HCN CH(OH) 2H,0 CHOH 

I I 

CH3 CH3 

CHO CN CO2H 

I I I 

[CHOHI3 ^ [CH 0 H ]4 [CHOH]. 

1^1 I 

CH2OH CH2OH CH2OH 

Z-Arabinose. /-Glucononitrile. ^-Gluconic acid. 

(^-Arabinosecarboxylic acid.) 

Behaviour. — (1) Being y- and (5-hydroxyl-derivatives, nearly all of 
these acids are very unstable when in a free condition. They lose 
water readily and pass into lactones (p. 424) : 

C6H12O7 — > CeHjoOe. 

Hudson's Rule. — Hudson (J.A.C.S. 32, 338) has pointed out a 
relationship between the direction of rotation of a lactone and the 
position of the lactone ring. If the formula of the lactone is written 
from above downwards, the carboxyl group at the top, and using the 
projection formulas already given (p. 704), the direction of rotation 
of the compound is given by the position of the lactone ring to the 
right or left of the formula. Contrariwise, from the direction of 
rotation, the position of the lactone ring can be deduced. 

(2) The capacity of the lactones, but not the acids themselves, to 
pass into the corresponding aldohexoses by combination with two 
atoms of hydrogen (E. Fischer), is of great importance in the synthesis 
of the aldoses (p. 683) : 

2H 

CeH.oO. ► CeH,204. 

(/-Glucouoiactone. d-Giucose. 

(3) These acids, when acted on with phenylhydrazine, form char- 
acteristic crystalline phenylhydrazides, CgHnOs-CO-NgHgCsHs (Ber. 
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22, 2728). These are decomposed into their components when boiled 
with alkahs. They are distinguished from the hydrazones of the 
aldehydes and ketones by the reddish -violet coloration produced 
upon mixing them with concentrated sulphuric acid and a drop of 
ferric chloride. 

(4) Heated to 130-150° with quinoline or pyridine a geometric 
rearrangement ensues, restricted to the asymmetric carbon atom in 
union with the carboxyl (Epimeric change) (cf. the inter- transforma- 
tion of stereomeric hexoses under the influence of alkali, p. 687). 
It is a reversible reaction, and therefore yields a mixture of both 
stereoisomers, e.g. (Ber. 27, 3193) : 

d- Gluconic acid . .. ^ d-Mannonic acid. 

Z-Gulonic acid ^ ^ Z-Idonic acid. 

d-Galactonic acid ^ ^ d-Talonic acid. 

(5) These acids are reduced to lactones of the y-monohydroxy- 
carboxylic acids (p. 424), if they are heated with hydriodic acid. 

(6) Oxidation of the hexonic acids or their lactones with hydrogen 
peroxide and ferric acetate, causes degradation to the pentoses (see 
p. 673). 

Isomerism , — Spacial isomers of pentahydroxy-rt.-caproic acid are as 
numerous, according to theory, as the aldohexoses (p. 704), i,e. sixteen 
optically active and eight dZ-modifications, which are inactive. 

Mannonic acid, C5H6(0H)6 C02H. The syrup-like acids — d-, Z-, 
and dZ-mannonic acids — yield the corresponding dibasic mannosac- 
charic acids on oxidation (p. 717). They change to lactones on the 
evaporation of their solutions ; these by reduction yield the mannoses 
and mannitols. (ZZ-Mannitol is identical with a-acritol, the reduction 
product of synthetic a-acrose or dZ-fructose. As cZZ-mannitol or a- 
acritol, when oxidized, yields dZ-mannose, and the latter by similar 
treatment becomes convertpd into dZ-mannonic acid, which can be 
spht into d-mannonic acid and Z-mannonic acid, the complete synthesis 
of all bodies of the mannitol series can be realized through these 
reactions (p. 701) : 

d-Mannitol d-Mannose d-Mannonolactone 

. 

d-Mannonic acid 

a- Acrose a- Acritol -> (//-Mannose (//-Mannonic acid 
d/Fructose <tt-Mannitol 

/-Mannonic acid ■ 

/-Mannitol /-Mannose /-Mannonolactone. 

d-Mannonolactone, CgHioOg, m.p. 149-153° [a]D = + 53*8° 

I’Mannonolactone, „ 140-150° [a]© — — 53*2° 

dl-Mannonolactone, (C6Hi(,0«)2, „ 149-155°. 

d- and \-Mannonic acid phenylhydrazides, CeHnOflCNgHj-CeHj), m.p. 215°. 

dl-ilfannonic acid phenylhydrazide, m.p. about 230° when rapidly heated. 
The hydrazides are converted into the acids on boiling with barium hydroxide 
solution (Ber. 22, 3221), a reaction which is well adapted for the purification 
of the acids, d- and l-Methylene mannonic lactone, (CeH808(CH,), m.p. 206° 
(Ann. 310, 181). 


(/-Mannosaccharic 

acid 

(//-Mannosaccharic 

acid 

>► /-Mannosaccharic 
acid 
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A very important feature is the partial conversion of rf- and Z- 
mannonic acids into d- and Z- gluconic acids on heating the former 
to 140° with quinoline, referred to in (4) (p. 712). 

This method of preparing d- and Z-gluconic acids shows the genetic 
connection existing between d- and Z-glucose and the mannitol series, 
and thereby renders possible the s 3 mthesis of glucose. 

The formation of 1-mannonic acid or Z-arabinosecarboxyHc acid 
(together with Z-gluconic acid) from Z-arabinose by means of hydro- 
cyanic acid, constitutes one of the transitions which allows of the 
synthesis of aldohexoses from aldopentoses : 

T A 1 . fZ-Mannonic acid >- Z-Mannonolactone ^ Z-Mannose 

a acid ^ Z-Gluconolactone Z- Glucose. 

Gluconic acid, CH20H[CH0H]4C02H, is known in the d-, Z-, 
and dZ-modifications (Ber. 23, 801, 2624 : 24, 1840) (space formula, 
see p. 705). 

1. The lactones of these three acids yield the corresponding glucose 
on reduction. 

2. By oxidation they yield the corresponding dibasic saccharic 
acids. 

3. When heated to 140° with quinoline they undergo epimeric 
change (p. 712) with the partial formation of the corresponding 
mannonic acid. 

d- and hPhenylhydrazides, C6Hii06(N2H2*C6H5), m.p. about 200° 
when they are rapidly heated ; dl-jyhenylhydrazide, m.p. 190°. 

d- Gluconic acid is formed from saccharose, maltose, dextrin 
starch, or particularly readily from glucose, by oxidation with chlorine 
or bromine water (Ber. 17, 1298). It is also obtained from glucose 
by oxidation with nitric acid (D 1*2) (Ber. 54, 456) or barium hypo- 
iodite (J. Biol. Chem. 72, 809). It is also formed from mannonic 
acid by epimeric change (see above). 

Gluconic acid forms a syrup which, when evaporated or upon 
standing, changes in part to its crystalline lactone, CgHioOg, m.p. 
130-135°. Sodium amalgam reduces it to d-glucose or grape sugar 
(Ber. 23, 804). 

Its barium salt crystallizes with three molecules of water ; calcium 
salt with one. The acid is dextrorotatory. On the conversion into 
d-arabinose by oxidation with HgOg, see p. 673. 

Pentaacrtyl glucononitrilc, C5H8(0-C2HgO)5CN (Ber. 26, 730). Ditnethylenc 
gluconic acid, CgHg 07 ( : CH 2 ) 2 , m.p. 220°, is prepared from d-gluconic acid and 
formaldehyde (Ann. 292, 31 : 310, 181). 

Z-Gluconic acid is formed (1) from /-mannonic acid by epimeric change 
(p. 712) and (2) together with /-mannonic acid from /-arabinose by aid of UNC. 

c/Z-Gluconic acid is obtained from a mixture of d- and Z-gluconic acids. 
Its calcium salt, which dissolves with difficulty, is obtained, hke calcium racemate, 
by mixing solutions of cZ- and Z-calcium gluconates. 

Gulonic acid, CH20H[CH0H]4C02H, is known in three forms, which yield 
the corresponding saccharic acids on oxidation and the corresponding guloses 
on reduction of their lactones. 

d-Gulonic acid is obtained by the reduction of glycuronic acid (p. 716) or 
of saccharic acid. Its lactone, m.p. 181°, [a]p -j- 56-1°, yields cZ«xylose on oxidation 
with hydrogen peroxide and ferric acetate (p. 673). Phenylhy dr azide, m.p. 148° 
(Ber. 24 , 626). 
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/-Gulonic acid, xyloae^arhoxylic acid, results when xylose is acted on with 
HNC. This reaction unites also the aldopentoses with the aldohexoses. Z-Idonic 
acid is produced shnultaneously, and when heated with pyridine changes partially 
to /-gulonic acid. hChilonic lactone, m.p. 185°, yields Z-xylose when oxidized 
with H2O2 (p. 673); phenylhydrazidc, m.p. 148° (Ber. 23, 2628: 24, 528). 

d/-Gulonic acid readily changes into its lacto^ie, which by crystallization 
splits into d- and /-gulonolactone. Calcium d\-gulonatc dissolves with more 
difficulty than calcium d- and /-gulonate ; phcnylhydrazide, m.p. 154° (Ber. 25, 
1025). 

Z-Idonic acid is formed together with i-gulonic acid from xylose, and is 
separated by means of its brucine salt from the mother liquor of Z-gulonolactone. 
Heated with pyridine to 140°, it changes in part to Z-gulonic acid, and vice versa. 
/-Idose is its reduction product (p. 697). d-Idonic acid, obtained from d-gulonic 
acid by means of pyridine, yields d-idose on reduction (Ber. 28, 1975). 

d/-Galactonic acid results in the reduction of ethyl mucate and also of the 
lactone of mucic acid ; lacto7ie, m.p. 122—125° ; phcnylhydrazide, m.p. 205°. 
This acid can be resolved by means of its strychnine salt into the /-salt, which 
is more easily soluble in alcohol, and the c/-salt, which dissolves with more 
difficulty (Ber. 25, 1256). 

d-Galactonic acid, Lactonic acid, CH2OH[0HOH]4CO2H, is produced from 
lactose, d-galactose, and gum arabic by the action of bromine water or nitric 
acid (Ber. 54, 456) and together with d-talonic acid, from t/-lyxose cyanohydrin 
by hydrolysis (Ber. 33,2146). It can bo converted mto d-talonic acid by opimeri- 
zation. It is converted into mucic acid by oxidation with nitric acid (p. 718). 
It crystallizes, and at 100°, yields d-galactonic lactone, CgHioOp, m.p. 91° [ajn — 
70-8°, which unites with water of crystallization to form CeHioOg + HgO, m.p. 64° 
(Ann. 271 , 83). Acetyl chloride produces triacetylchlorog alack) nic lactone, CgHeOa- 
(OCOCHalgCl, m.p. 9*8° (Ber. 35, 943). Reduction converts the lactone into 
c/-galactoso (p. (>97) ; calcium salt, (C6Hii07)2Ca + SHgO ; phcnylhydrazide, m.p. 
200-205° ; amide, m.p. 175° ; anilide, m.p. 210° (Ber. 28, R. 606). 

Dimethylene galactonic acid, C5H705(CH2)2C02H, m.p. 136° (Ann. 310, 181). 
Pentaacetyl-d-yalactonic nitrile, b.p. 135°, is formed from d-galactoso oxime and 
acetic anhydride, and yields, with silver oxide and ammonia, the acetamide 
compound of lyxose (p. 673). 

d-Talonic acid, CH20H[CH0H]4C02H, results together with hydroxy- 
methylene pyromucic acid on heating d-galactonic acid with pyridine or quinoline 
to 140-150 . Conversely, d-galactonic acid is obtained from d-talonic acid by 
the same treatment (Bor. 27, 1526). Reduction changes it to d-talose (p. 697). 

a-Rhamnosecarboxylic acid, CH3[CH0H]5C02H, is formed from rhamnose 
(see i^oDulcitol, p. 675) witn HNC, etc. ; lacto)ie, C7Hi20g, m.p. 162-168° [ajo + 
86° (Ber. 21, 2173) ; phcnylhydrazide, C7Hi30g-N2H2CgH5, m.p. about 210° (Ber. 
22, 2733). When heated with hydrochloric acid and phosphorus it is reduced 
to r/-heptylic acid, C7H14O3 ; sodimn amalgam reduces the lactone to methyl- 
hexose (p. 698) (Ber. 23, 936). Oxidation produces mucic acid (Ber. 27, 384). 

)3-Rhamnosecarboxylic acid is formed when the a-cornpoimd is heated to 
150-155° with pyridine ; lactone, m.p. 134-138° [ajr, -|- 43-3° ; phcnylhydrazide, 
m.p. 170°. Oxidation converts the )3-acid into /-talomucic acid (p. 719). 

Chitonic acid, which is jiroduced from chitose (p. 699) and bromine water, 
and chitaric acid, CgHioOg, prepared from d-glucaminic acid (see above) and 
nitrous acid are probably stereomeric trihydroxymethyltetrahydrofurancarhoxylic 

acids, H0CH2'CH((^I)CH(0H)CH(0H)CHC02H, since acetic anhydride converts 
it into the acetyl derivative of hydroxy methylpyromucic acid, CHjCO-O-CHj-- 

C(0) : CH CH : CCO2H (Vol. II); Ber. 36, 2587). Oxidation with and 

ferrous sulphate degrades chitonic acid into c/-arabinose or d-ribose (p. 675) 
(Ber. 35, 4016). 

Glucosaminic acid, cc-amino-Pyh^-tetrahydroxycaproic acid, HOCH 2 [CHOH] 3 - 
CH(NH2)C02H, is known in d-, /-, and dZ-forms. d- and /-Glucosaminic acids are 
prepared from d- and /-arabinosimine (p. 699), hydrocyanic and hydrochloric 
acids, and unite to form the less soluble d/-acid. d -Glucosaminic acid is also 
prepared from d-glucosarnine and bromine water. Alcohol and hydrochloric 
acid convert it into a lactone -like syrup, which, on reduction with sodium amah 
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gam, regenerates iZ-glucosainine. Reduction with hydriodic acid produces a- 
aminocaproic acid ; with nitrous acid it forms chitaric acid (see above). It yields 
a- and ^-aminogliicohcptonic acids, CH20H[CH0H]3CH(NH2)CH0HC02H, with 
hydrocyanic and hydrochloric acids (Bor. 36, 27, 618). 

Galaheptosaminic acid, 0H2OHfCHOH]4CH(NH)2C02H, m.p. 240° with 
decomposition, is prepared from galactosimine (p. (>99) and hydrocyanic and 
hydrochloric acids (Ber. 35, 3801). 


B. HEXOSECARBOXYLIC ACIDS, HEXAHYDROXYMONO- 
CARBOXYLIC ACIDS 

Acids of this kind liave been obtained from d-gliicose, d-mannose, 
d-galactosc, and ri-fructose by the addition of hydrocyanic acid, and 
the subsequent saponification of the nitrile with hydrochloric acid. 

(1) i^-Mannosecarboxylic acid, d-ynannohepUmic acid, CH20H [CHOH]6*- 
CO2H, is obtained from d-mannose (Ann. 272, 197) ; phcyiylhy dr azide, m.p. about 
220" (docomp.) ; lactoyic, m.p. 149° [a]i, — 74*2°. Sodium amalgam reduces the 
lactone to d-mannoheptose, C7H14O7, and then to the heptahydric alcohol perseitol, 
C^HjeO, (Ber. 23, 936, 2226). Hydriodic acid reduces the acid to heptolactone 
and heptylic acid (see above and Ber. 22, 370). When oxidized it yields Z-penta- 
hydroxypimelic acid (Ann. 272, 194). 

/-Mannosecarboxylic acid is obtained from Z-mannose; 2yhc}iylhydrazid(', 
m.]). about 220° ; lactone, m.p. 154°. 

dZ-Mannosecarboxylic acid is formed from d- and Z-mannosecarboxylic 
acids, as well as from dZ-rnannose (Ann. 272, 184). 

(2) a-cZ-Glucosecarboxylic acid, oL-d-glucoheptonic acid, CH20H[CH0H]5- 
COgH, is formed (1) together with the )3-acid from cZ-glucose ; (2) on heating 
the ^-acid to 140° with pyridine ; (3) by the hydrolysis of lactose- and maltose- 
carboxylic acids (p. 72()) (Ann. 272, 200) ; lactone, m.p. 140-145° [a]p — 56°. 
Hydriodic acid reduces it to heptolactone and normal heptylic acid. Sodimn 
amalgam reduces the lactone to d-glucoheptose. Dlrncthylcnc-cc-glucohcptonic 
lactone, C7Hg(CH2)207, m.p. 280°. The acid, when oxidized, is converted into 
inactive pentahydroxypimelic acid (p. 719) ; phenylhy dr azide, m.p. 171° (Ber. 19, 
1916 : 23, 936 : space-formula, Ann. 270, 65). 

^-(/-Glucosecarboxylic acid is formed together with the a-acid from 
dextrose ; pJienylhy dr azide, m.p. 151° ; lactone, m.p. 151°, and yields d-gluco- 
heptose on reduction (p. 700). Dimethyl ene-B-glucoheptonic lactotie, m.p. 230° 
(Ann. 299, 328 : 310,181). 

a-iZ-Galactosecarboxylic acid, oL-galaheptoyiic acid, CH20H[CH0H]5C02H, 
m.p. 145°, is produced together with p-galaheptonic acid from galactose ; lactone, 
m.p. 150°. Sodium amalgam changes it into a-galaheptose (p. 700). When 
oxidized it yields carboxy-cZ-galactonic acid (p. 719) (Ann. 288, 39). 

fZ-Fructosecarboxylic acid, CH20H [CH0H]8C(0H )(C02H)CH20H, is ob- 
tained from fruct/ose by the action of hydrocyanic acid. It yields tetrahydroxy- 
butanetricarboxylic acid when it is oxidized. Its lactoyic, m.p. 130° ; when 
reduced with sodium amalgam two aldoheptoses with branched C-chains result 
(Ber. 23, 937). Reduction with hydriodic acid forms heptolactone andaheptoic 
acid, C7H14O2. The latter is identical with methyl- a. -butylacetic acid (p. 210). 
Hence it is evident that hcvulose is a ketone-alcohol (Kiliani, Ber. 19, 1914 : 
23, 451 ; 24, 348). 


C. ALDOHEPTOSECARBOXYLIC ACIDS, HEPTAHYDROXY- 
CARBOXYLIC ACIDS 

(Z-Mannooctonic acid, CH20H*[CH0H]flC02H, has been obtained from 
cZ-mannoheptose (p. 700) ; hydrazlde , m.p. 243° ; lactone, m.p. about 168°, has 
a neutral reaction, and a sweet taste. By reduction it forms cZ-mannooctose 

(p. 700). 

a- and j3-Glucooctonolactone, m.p. 145° and 186° (Ann. 270, 93). 
a-Galaoctonolactone, from a-galaheptoso (Ann. 288, 149). 
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D. ALDOOCTOSECARBOXYLIC ACIDS, OCTOHYDROXY- 
CARBOXYLIC ACIDS 

ff-Mannonononic acid, CH20H[CH0H]7C0aH, has been obtained from d- 
mannooctose ; hydrazide, m.p. 254®; m.p. 176° [ajo — 41°. When 

reduced it forms d>mannononose (p. 700). 


6 . TETRAHYDROXY- AND PENTAHYDROXY-ALDEHYDE 

ACIDS 

6^- Glucuronic acid {glycuronic acid), CH 0 (CH 0 H) 4 C 02 H, is ob- 
tained by decomposing euxanthic acid (Vol. II) on boiling with 
dilute sulphuric acid. Various glucoside-like compounds of glycu- 
ronic acid with camphor, bomeol, chloral, phenol, and different other 
bodies (Ber. 19, 2919, R. 762) occur in urine after the introduction 
of these compounds into the animal organism. In this change the 
substances mentioned combine with the aldehyde group of dextrose, 
the primary alcohol group of which is then oxidized. BoiUng acids 
decompose them into their components. 

Synthetically, such conjugated glycuronic acids can also be obtained from 


diacctylbromoglycurolactone, CHBr*CH(OAc)‘CH*CH-CH(OAc)*CO, m.p. 90°, the 



product of reaction between glycuronic lactone and acetyl bromide which react 
with euxanthone (Vol. II) or phenol (Vol. II) and sodium alcoholate, to give 
rise to euxanthic or phenol glycuronic acids (C. 1905, I. 1086). Glycuronic 
acid can be identified in animal secretions by the blue-coloured substance, soluble 
in ether, which is formed with ^-naphthoresorcinol and hydrochloric acid (Ber. 41, 
1788). 

Glycuronic acid is usually mot with as a sju’up, but can be obtained crystalline 
with difficulty (Ber. 58, 1990). It then melts at 157°, and shows mutarotation 
in aqueous solution from 4- 11 7' to + 36-26°. Its lactone, glucurone, melts at 
175°. (Derivatives of the lactone, see Ber. 33, 3315.) 

Bromine water oxidizes it to d-saccharic acid. When saccharic acid is 
reduced glycuronic acid results (Ber. 23, 937), and by further reduction d-gluconic 
acid (p. 713) is formed (Ber. 24, 525). The acid unites with potassium cyanide 
to form the half -nitrile of a-glucopontahydroxypimelic acid (p. 719) ; with three 
molecules of phenylhydrazine to form an osazone, m.p. 200-205° ; and with 
urea, accompanied by loss of water (C. 1905, I. 1084). 

Urocfblor^ic acid, C 7 H 11 CI 3 O 7 , m.p. 142°, decomposes with water absorption 
on boiling with dilute hydrochloric or sulphuric acid into glycuronic acid and 
trichloroethyl alcohol (p. 144). Urohutylchloralic acid, C10HJL5CI8O7, decomposes, 
like the preceding body, into glycuronic acid and aaj3-trichlorobutyl alcohol (p. 146). 

Galacturonic acid, the corresponding compound of the galactose series, is 
an important constituent of the pectin material of plants. 

Aldehydogalactonic acid, C 0 H[CH 0 H] 6 C 02 H, is obtained from d-galactose 
carboxylic acid, and may be converted into carboxygalactonic acid (p. 719). 


7. MONOKETOTETRAHYDROXYCARBOXYLIC ACIDS 

Hydroxygluconic acid, H 0 CH 2 -C 0 [CH 0 H] 8 C 02 H, is formed, together with 
d-arabinose, when calcium gluconate is oxidized ; also by bacterial action (Ber. 
32, 2269). 
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8. POLYHYDROXYDICARBOXYLIC ACIDS 

A. TETRAHYDROXYDICARBOXYLIC ACIDS 

These are obtained by the oxidation of various carbohydrates with 
nitric acid, and are readily prepared from the corresponding mono- 
carboxylic acids (p. 711) upon oxidation with nitric acid. Manno- 
saccharic acid, the saccharic acids, and the mucic acids are the most 
important representatives of the series. Gluconic acid yields saccharic 
acid, galactonic acid mucic acid, and mannonic acid mannosaccharic 
acid. Their lactones, by very careful reduction, can be converted 
into tetrahydroxyaldehydocarboxylic acids and pent ah ydroxy car- 
boxylic acids. When reduced by HI and phosphorus the preceding 
acids are converted into normal adipic acid (p. 561), hence all of 
them must be considered as normal stereoisomeric tetrahydroxy- 
adipic acids. Theoretically, ten simple and four racemic modifica- 
tions are possible, as in tiie case of the n.-hexitols (p. 704). All the 
tetrahydroxyadipic acids, when heated with hydrochloric or hydro- 
bromic acid, change more or less readily to dehydromucic acid (Ber. 
24 , 2140). 

(1) Mannosaccharic acid, C02H[CH0H]4C02H, is known in three modifica- 
tions (configurations, p. 704), which pass into double lactones when they are 
liberated from their salts. They also result upon oxidizing the throe mannonic 
acids with nitric acid (p. 712). 

d\-Manno8accharolactone, CeHgOe, m.p, 190° (decomp.), is formed by the 
union of d- and Z-mannosaccharolactones and also from d/-mannonolactone ; 
diamidey m.p. 184° ; dihydrazidey in.p. 220-225° (Ber. 24 , 545). 

d-Manrwsacch<irolactonc^ CflHeOg -1- 2 H 2 O, m.p. 181" (anhydrous) [alo + 
204*8°, is produced when d-mannitol, d-mannose, and d-mannonic acid are oxidized 
with nitric acid ; diamide, m.p. 189° ; diJiydrazide, m.p. 212° (Ber. 24 , 544). 

l-Mannosaccharolactonef metasaccharic acid^ CgHgOe + 2 H 2 O, m.p. 68° (an- 
hydrous), 180°, is produced when i-mannonic acid and the lactone of Z-arabinose- 
carboxylic acid are oxidized (Ber. 20 , 341, 2713) ; diamide, m.p. 190° ; dihydra- 
Z'ide, m.p. 213°. Diacetyl-l-mamiosaccharolactone, m.p. 155° (Ber. 21 , 1422 : 
22 , 525: 24 , 541). 

(2) d- and Z-Idosaccharic acids are syrups. They are obtained by oxidizing 
the corresponding idonic acid (p. 714) (configurations, p. 704). 

(3) Saccharic acid, C 02 H[CH 0 H] 4 C 02 H, exists in three modifi- 
cations (configurations, p. 705). 

dZ- Saccharic acid is formed by the oxidation of dZ-gluconic acid. Its 
monopotassium salt is formed on mixing solutions of equal quantities of the 
d- and Z-salt ; dihydrazide, m.p. 210° (Ber. 23 , 2622). 

Ordinary, or d- Saccharic acid, results in the oxidation of sucrose 
(Ber. 21 , R. 472), rf-glucose (grape sugar), cZ-gluconic acid and d- 
gluconic lactone (Ber. 24 , 521), and many carbohydrates with nitric 
acid ; also from the action of bromine water on glucuronic acid 
(p. 716). 

It forms a deliquescent mass, readily soluble in alcohol, which 
is dextrorotatory, [ajo (Equilibrium, acid + lactone) + 22-5"’, and 
gradually solidifies to a mass of crystals of the lactonic acid C 6 H 8 O 7 , 
m.p. 131°, [a]© + 37*9°. Sodium amalgam reduces it to glycuronic 
acid and hydriodic acid to adipic acid. On oxidation, d-saccharic 
acid yields, together with oxalic acid, 61% of d-tartaric acid and 
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38 of racemic acid (Ann. 429 , 152). The diamide of saccharic 
acid is degraded by bromine and alkali to the dialdehyde of Z-tartaric 
acid (Ber. 54 , 2651). 

The hi/drogcH potafi.simn salt, CgH^OyK, and iho anintoniiitn salt, CgH 90 g(NH 4 ), 
dissolve with difli(;ulty in cold water ; diethyl ester is crystalline ; ethyl ester 
tetraacetate, m.p. (iT . Acetyl chloride, acting on free saccharic acid, converts 
it into the lactone of d ia cetyl saccharic acid, C^H 4(0*021130)204, in.p. 188°. Mom- 
in ethylene saccharic acid (Ann. 292 , 40). The diamide is a white powder ; dihydra- 
zide, m.p. 210° (decomp.) (Ber. 21 , R. 186). 

/-Saccharic acid is obtained upon oxidizing Z-gluconic acid with nitric acid. 
It is quite similar to d-saccharic acid, but is lajvorotatory. It also forms a 
dihydrazidc, m.p. 214°. 

(4) Mucic acid, C0,H1CH0H]4C0.,H, m.p. 210° (decomp.), cor- 
responds in constitution with dulcitol, and possesses the space-formula 
No. 7 (p. 705), one of the two theoretically possible forms of tetra- 
hydroxyadipic acid, optically inactive through internal compensation. 
This is supported by its oxidation to racemic acid, and its formation 
by oxidation from a-rhamnosecarboxylic acid (p. 714) (Ber. 27 , 396 ). 

It is also obtained in the oxidation of dulcitol, lactose (Preparation, 
Ann. 227 , 224), d- and Z-galactose, d- and Z-galactonic acid, and nearly 
all the gum varieties. 

It is a white crystalline powder, almost insoluble in cold water 
and alcohol. When boiled for some time with water it passes into a 
readily soluble lactonic acid, CcHft07, formerly designated paramucic 
acid, which corresponds with cZ-saccharolactonic acid (p. 717 : Ber. 
24 , 2141). Reduction changes this lactonic acid into dZ-galactonic 
acid (p. 714 : Ber. 25 , 1247). The semi-amide of mucic acid on 
oxidation with hydrogen peroxide in presence of ferric acetate yields 
the amide of lyxuronic acid, one of the pentose aldehydo-acids (Ber. 
54 , 1362). Mucic acid on heating with pyridine to 140° is partly 
converted into allomucic- acid (p. 719), the change being reversible 
under these conditions. 

The ready conversion of mucic acid into heterocyclic derivatives 
is rather remarkable. Digestion with fuming hydrochloric or hydro- 
bromic acid changes it to furandicarboxylic acid (dehydrornucic acid) : 

/CO 2 H 

CH(OH)CH(OH)C02H CH 

I ^ I \0 -I- 3 H 2 O. 

CH(0H)CH(0H)C02H CH=C< 

\CO 2 H 

When mucic acid is heated alone it loses carbon dioxide and 
becomes converted into furanmonocarboxylic acid {pyrorriucic acid) : 

C4H4(0H)4(C02H)2 = C 4 H 30 -C 02 H -f 3 H 2 O + CO 2 . 

Heated with barium sulphide it passes in like manner into a- 
thiophencarboxylic acid (Ber. 18 , 457). 

Pyrrole is produced when the diammonium salt is heated : 

C 6 H 3 (NH 4)203 - C 4 H 4 NH -f NH 3 + 2 CO 2 + 4 H 2 O. 

The action of PCI 5 yields dichloromuconic acid (p. 578). 

Salts and Esters. — The di-potassium salt and di-ammonium salt crystallize 
well and dissolve with difficulty in cold water ; the mono -alkali salts dissolve 
readily. The silver salt, CgHgAggOg, is an insoluble precipitate ; diethyl ester. 
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m.p. 158°; tetraacetyl diethyl estevy in.p. 177° (Bor. 21, R. 186; C. 1898, II. 
963). 

(5) Allomucic acid, CaHioO^, in.]). 166-171°, is optically inactive, and 
more soluble than mucic acid, from which it is obtained on heating with pyridine, 
by a reversible reaction (Ber. 24, 2136). 

(6) Talomucic acid, C02H[CH0H]4C02H, is known in two space-isomeric 
modifications : 

d-Talom,ucic acidy m.p. about 158° (decomp.), and resulting from the oxidation 
of d-talonic acid (Ber. 24, 3625). 

\-Talomucic acid, prepared by oxidizing jS-rhamnosecarboxylic acid (p. 714) 
(Ber. 27, 384). 

I O , 

(7) ?:«oSaccharicacid,C02H CH CHOH CHOH CHC02H, m.p. 185°, [ol]^ =- 

4-46-1°, results from glucosamine (p. 699)upon oxidizing it with nitric acid (Ber. 19, 
1258: see also Chitonic and Chitaric acids, p. 714). The acid itself and some 
of its derivatives are tetrahydrofuran derivatives, as shown by the constitutional 
formula. Other derivatives are referred to the hydrated form, i.e. tetrahydroxy- 
adipic acid, and these are described as noris-osaccharic derivatives, e.y. ethyl 
noriJsosaccharate, CeH80g(C2H5)2, m.p. 73°, which changes in a desiccator to 
ethyl ?5osaccharate, m.p. 101°. Diacetyl wosaccharic ester, m.p. 49° (Ber. 27, 
118). 


B. PENTAHYDROXYDICARBOXYLIC ACIDS 

QlucopentahydroxypimeUc acid, C02H[CH0H]5C02H, is produced in the 
oxidation of dextrosecarboxylic acid with nitric acid ; lactone is crystalline, 
m.p. 143° (Ber. 19, 1917). 

a-Oalapentahydroxypirnelic acid, 0O2H[CHOH]5CO2H, m.p. 171° (decomp.), 
is formed in the oxidation of a-ri-galactosecarboxylic acid with nitric acid. It 
dissolves with difficulty in water, and crystallizes in plates. 

^■Galapentahydroxypimclic acid formed from ^-galaheptonic acid and nitric 
acid (Ami. 288, 155). 


9. TETRAKETODICARBOXYLIC ACIDS 

Acetonylacetonedioxalic ester, C2H5O2C-CO-CH2COCH2-CH2C0CH2*C0-C02- 
C2H5, m.p. 101°, is prepared from acetonylacetone (p. 405), oxalic ester, and 
sodium in ethereal solution. Hydrazine produces ethanedipyrazylcarboxylic 
ester (Ber. 33, 1220). 

a.oi'-Diacetyl-^P-diketoadipic acid, CH3C0-CH(C02H)C0C0CH(C0CH3)C02H, 
is the hypothetical parent substance from which is derived dicyatwbisaceto- 
acetic ester (1), m.p. 132°. This is prepared from dieyanomonoacetoacetic ester 
(p. 663), acetoacetic ester, and a little sodium alcoholate. Alkalis convert it 
first into a yellow lactam (2), m.p. 136°, and later into the free acid., m.p. 230° 
(decomp.). Reduction with sodium amalgam, accompanied by simultaneous 
ketone decomposition, forms py -diamino -ah-diacetylvaleric ester (3), m.p. 35° 

»gO>C(NH) 

I 

N=C<gQQ®» CH3COCH2CHNH, 


10. TRIKETOTRICARBOXYLIC ACIDS 

Oi- Acetyl- -diketoadipic-cx/ -carboxylic acid, CH3C0CH(C02H)C0C0CH(C02H)2, 
has, as a derivative, dicya^wacetoacetic rnalonic ester, CH8C0CH(C02C2H5)C(NH)- 
C(NH)CH(*C02C2H5)2, m.p. 93°, the reaction product of dicyanoacetoacetic ester 
(p. 663) and rnalonic ester (Aim. 332, 144). But dicyan omalonic ester and sodium 
acetoacetic ester yield dicyanomalonicacetoacetic ester lactam, m.p. 137° (indefinite). 
Similarly, dicyanocyanoacetic ester and sodium acetoacetic ester give rise to 
dicyanocyanoaceticacetoacetic ester lactam, m.p. 168° (indefinite) (Ann. 332, 129). 

Oxalyldimalonic acid, -diketoadipic-cLaf -dicarboxylic acid, (H02C)2CH-C0-- 


(Aim. 332, 138) : 
PTT pn... I 


C) 
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C0CH(C08H)„ is the hypothetical parent substance of dicyanobismalonic 
acid, (H 0 aC)jCHC(NH)*C(NH)-CH(C 02 H) 2 , of which the dilactam is formed from 
dicyanogen and sodium malonic ester. Sodium amalgam reduces it to diamino - 
adipic dicarboxylic acid, which loses CO^ and becomes changed into /3j8'-diamino- 
adipic acid (p. 660) (Ann. 332, 122). 

1 1 . HYDROXYKETOTETRACARBOXYLIC ACIDS 

COgR CO^RCOjR 

I I I 

Oxalocitnr lactorie ethyl ester, CH C OH 2 ,b.p. 210V30 mm., is prepared 

CO— COO 

from two molecules of oxaloacetic ester by aldol condensation and lactone formation 

(Ann. 295, 347). 

12. DIKETOTETRACARBOXYLIC ACIDS 

Dioxalosuccinic ethyl eater, [Et0*C0-C0*CH{C02Kt) ] 2 , is formed by the con- 
densation of succinic and oxalic esters by sodium ethoxide. When distilled 
under greatly reduced pressure it loses CO and is converted into ethanetetra- 
carboxylic ester. When liberated from its disod itmt compound by sulphuric acid 

0 CO 

1 I 

it gives dioxalosuccinic lactone ethyl ester, EtO.,C-C : C(C02Et)-CH-C0-C02Et, m.p. 
89° (Ann. 285, 11). 

13. HEXACARBOXYLIC ACIDS 

Ethanehexacarboxylic acid, (COOH) 3 C*C(COOH) 3 , is known ordy in the form 
of its ethyl ester, m.p, 101°, which is obtained in small yield by the electrolysis of 
the sodium salt of me thanetri carboxylic ester {q>v.) (Ber. 54, 900). Other deriva- 
tives of ethanehexacarboxylic acid are bis-cyanomalonic ester, NC C(C 02 C 2 H 5 ) 2 *C- 
(C02C2H5)CN -f IJHgO, m.p. 57°, which is obtained by electrolysis of sodium 
cyanomalonic ester (C. 1905, I. 1141). Also, by the action of carbon disulphide 
and bromine on sodium malonic ester and sodium cyanoacetic ester there is 

(R02C)2C-CS\ 

formed dithiotetrahydrothiophentetracarboxylic ester, | (Ber. 34, 

(R02C)2C-CS/ 

1043). 

Pentane-OLOiyy€€-hexacarboxylic ester, (Et02C)2CH*CH2-C(C02Et)2CH2CH(C02- 
Et) 2 , m.p. 54°, b.p. 155°/15 mm., is prepared by condensation of two molecules 
of formaldehyde and three of malonic ester brought about by diothylamine. 
Its disodium salt with bromine yields a cycZopentane derivative (J.C.S. 77, 298). 

Pentane-OL^phbe’hexacarboxylic ester, CH2[C(C02Et)2-CH2 C02Et]2, m.p. 64°, 
b.p. 230-240°/12 mm. (J. pr. Chem. [2] 66, 112). 

Hexane-OLyyhhl-hexacarboxylic ester, C 2 H 502 CCH 2 CH 2 C(C 02 C 2 H 5 ) 2 C(C 02 C 2 H 6 ) 2 - 
CH 2 CH 2 *C 02 C 2 Hg, is formed from disodium ethanetetracarboxylic ester and two 
molecules of ^-iodopropionic ester. Hydrolysis and decomposition produces 
diglutaric acid (J.C.S. 85, 614). 

Heptanehexacarboxylic acid, A derivative of this acid is trimethylenedicyano- 
succinic ester : 

C2Hg02CCH2^P^N NC-^P^CH2C02C2Hg 

C2H602O^^^CH2CH2CH2-^'"^C02C2Hg 
m.p. 69°, b.p. 215°/7 mm., produced by the interaction of trimethylene bromide 
on sodium cyanosuccinic ester (C. 1897, II. 520 : 1899, I. 826). 

Appendix. — Higher poly carboxylic ethyl esters may be obtained from sodiimi 
propane pent£M 3 arboxylic ester, chloromalonic ester, and chloropropane penta- 
carboxylic ester, giving rise to butaneheptacarboxylic ester, C 4 H 8 (C 02 C 2 H 6 ) 7 , 
b.p. 280-285°/130 mm., and hexanedecacarboxylic ester, CeH4(C02C2H5)iQ, a yellow 
oil. Octanetetradecacarboxylic ester, C8H4(C02C2H5)i4, is prepared from sodium 
butaneheptaearboxylic ester and chlorobutaneheptacarboxylic ester. It is the 
highest-known carboxylic ester, and consists of a thick oil (Ber. 21, 2111). 



CARBOHYDRATES * 

This term is applied to a large class of compounds, widely dis- 
tributed in nature, comprising natural sugars, and substances related 
to them. They contain six, or a multiple of six, carbon atoms. The 
ratio of their hydrogen and oxygen atoms is the same as that of 
these elements in water, hence their name. 

Most of the carbohydrates have their origin in plants, although 
some are probably also produced in the animal organism. Those 
which occur in the vegetable kingdom meet with the most extensive 
employment. 

Carbohydrates serve for the preparation of alcoholic drinks (p. 142). 
Sugars, particularly cane sugar, form the basis of many foodstuffs. 
Starch is the chief ingredient of flour from which bread, the most 
important food, is made. It is found stored up in potatoes and grain 
fruits. Cellulose, related to it, is the principal constituent of wood, 
cotton, etc., and is applied in paper-making and for the production 
of explosives. The carbohydrates in conjunction with the proteins 
and fats constitute the most important food-materials for man. 

Their molecular complexity is the basis of their arrangement into 
these classes : 

Monosaccharides (Monoses) , 

Disaccharides, 

Trisaccharides, 

Polysaccharides . 

The monosaccharides, including glucose and fructose, have already 
been discussed in connection with the hexahydric alcohols, of which 
they are the first oxidation products (p. 679). 

Nearly all of the naturally occurring carbohydrates are optically 
active. The specific rotatory power is not only influenced by the 
temperature and concentration of their solutions, but very frequently 
also by the presence of inactive substances (Ber. 21 , 2588, 2599). 
Some representatives also exhibit the phenomenon of mutarotation 
(p. 690). The determination of this rotatory power of the carbo- 
hydrates by means of the saccharimeter serves to ascertain their 
purity, or for the determination of their amount when dissolved : 
optical sugar test, saccharimd^ry . 

Constitution and Classification 

Constitutionally, the di- and tri-saccharides are ether-like anhy- 
drides of the monoses. According to the mode of combination of 
the monoses to form the compounds C 12 H 22 O 11 , or, more generally, 
nCeHijOfl — (n — 1 )H 20 , the following types can be distinguished. 

* For literature of carbohydrates, see references given on p. (583. 

VOL. I. 721 3 A 
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1. Non-reducing Disaccharides, Trehalose Type. The monose resi- 
dues are united by a glucosidic link which involves both reducing 
groups, e.g. : 

CH^OHCHCHOHCHOHCHOHCHO-CHCHOHCHOHCHOHCHCHaOH 

1 o ' ' - -0 ' 

The characteristic features of this class are their inability to 
reduce Fehling’s solution, and their failure to form osazones. Ex- 
amples are cane sugar and trehalose. 

2. Reducing Disaccharides. Maltose Type. Here the glucosidic 
link involves only one of the reducing groups of the constituent 
monoses, the other monose residue being attached by one of the 
2 — 6 carbon atoms, e.g. : 

CH2OHCHCHOHCHOHCHOHCHOCH2CHCHOHCHOHCHOHCHOH 
1 r. I ! O ' 

Here the characteristic features are the reduction of Fehling’s 
solution and the formation of osazones. Examples of this class are 
maltose, cellobiose, lactose, gentiobiose, etc. 

Disaccharides of the molecular formula (CeHio 05)2 are further an- 
hydrides of the above classes. 

Nomenclature. — The disaccharides can be systematically named by 
employing arabic numerals to indicate the carbon atoms of the 
monoses involved in the glucosidic link, and figures enclosed in brackets 

^ to indicate the position of the oxide rings. The disaccharides 
formulated above, assuming both monose residues to be glucose, can 
then be described as : 

l-Glucosido<Cl : 5^-l-glucose<^l : 5^ and 
l-Glucosido<^l : 5^-6-glucose<l 1 : 5>. 

When this is known, the compounds can be identified as belonging 
to the a- or /^-glucoside series, by the addition of the appropriate 
Greek letter. The type of sugar residues involved can also be indicated 
by the furanose-pyranose nomenclature (p. 690). 

Determination of Constitution. — The most important information 
as to the constitution of the di- and poly-saccharides is given by the 
identification of the constituent monoses. For this purpose, hydro- 
lysis of the polysaccharide by dilute mineral acids or enzymes is 
employed. The behaviour of a polysaccharide towards Fehling’s 
solution and phenylhydrazine generally permits of a polysaccharide 
being assigned to one of the classes referred to above. 

A more difficult problem is the determination of the position of 
the links uniting the monose residues. The British school (Haworth, 
Irvine, Purdie and others) has developed a method of general applica- 
tion, aU free hydroxyl groups of the di- and polysaccharide being 
methylated, and the resulting fully methylated product hydrolysed 
with 5% hydrochloric acid. Irvine used methyl iodide and silver 
oxide, Haworth methyl sulphate and alkali as their methylating 
agents. On hydrolysis of the methylated product, the methyl groups 
remain attached, and the free hydroxyl groups in the hydrolysed 
products afford a clue to the position of linkage. The method depends 
upon the assumption that in the process of methylation, no constitu- 
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tional alteration such as wandering of methyl groups or change in 
the position of an oxide ring takes place, and that the constitution 
of the simple methylhexoses is completely determined : so long as 
these conditions cannot be completely fulfilled, the solution must be 
completed by other methods. 

The degradation method of Zempl^n (Ber. 59 , 1258) for the reduc- 
ing disaccharides is of great value for this purpose. It consists in 
treating the readily obtained oximes of the disaccharides with acetic 
anhydride and sodium acetate, whereby the octaacetylbionic nitriles 
are formed, the latter being degraded by the action of sodium methylate 
on a chloroform solution into a disaccharide containing one carbon 
atom less than the original, NaCN and the acetyl groups being split 
off in the reaction. (Cellobiose, Ber. 59 , 1254 : Lactose, Ber. 60 , 
1309 : Maltose, Ber. 60 , 1558.) 

The position of the oxide rings in the monose residues is deter- 
mined simultaneously with the determination of the positions in 
which linkage has taken place : the methods previously referred to 
are also of value here. Carbohydrates containing a ring other than 
an amylene oxide one are sometimes characterized by extraordinary 
ease of hydrolysis and by their capacity to reduce neutral perman- 
ganate and to condense very readily with acetone. 

The assignation of di- and poly-saccharides to the a- and /^-gluco- 
side series has so far been possible only in a limited number of cases. 

Syiithesis of Disac char ides . — The synthesis of certain disaccharides 
affords support to the findings obtained above. Fischer, in 1895, by 
the action of concentrated hydrochloric acid on glucose obtained a 
disaccharide, which lie named iwmaltose. The synthetic methods 
starting from tlie acetobromohexoses are somewhat less equivocal in 
their results. For instance, from acetobromoglucose in ethereal solu- 
tion there is obtained by the action of aqueous silver carbonate, 
together with tetraacetylglucose, the octaacetyl derivative of a di- 
saccharide, which of necessity must belong to the non-reducing series 
(Ber. 42 , 2776). This demonstrates the limitation of the method. 

A more generally applicable method is that of condensing aceto- 
bromoglucose with the sodium derivative of a hexose (Fischer, Ber. 
35 , 3144). The hexoses so obtained have their constitutions only 
in part determined. 

Pictet has devised a novel synthetic method for disaccharides, 
equimolecular quantities of two anhydrohexoses being heated together. 
He succeeded by this method in synthesizing maltose by purely 
chemical means from glucosan and Isevoglucosan (Bull. Soc. Chim. 

1 4], 27 , 652). Further synthetic methods, see Helv. Chim. Acta. 
4 , 319, 796 ; Ber. 54 , 1564. The most important problem in the 
synthesis of carbohydrates, the introduction of monose residue at a 
definite position in a second monose molecule, has recently been 
successfully carried out. The acetone-sugars and partially acylated 
hexoses and their triphenylmethyl ethers form the starting material. 
(See Synthesis of gentiobiose, p. 728 : Ann. 447 , 27.) 

A number of naturally occurring disaccharides can be obtained 
synthetically by the action of enzymes on their components (see 
Enzymes). 
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A. DISACCHARIDES. SACCHAROBIOSES 

1. Pentosidohexoses. — These yield on hydrolysis one molecule of pentose 
and one of hexose. 

Primverose, \-p-xylo8ido<\ i ^>-iS-gLiJico8c<\ i ^ in.p. 209°, [a]© + 
22-7° (initial), — 3-4° (final), occurs as the glucoside primverin in various plants, 
among others in the root of Primula offici'ualis. Osazone^ m.p. 220° (Compt. 
rend. 169, 871, 975). Synthesis, Helferich, Ann. 455, 168. 

A number of hexosidopentoses are obtained by the degradation of hexosido- 
hexoses by Zempl^n’s method. 

\~(x.-Qlucosido <\ : 6> -3-am6tno5e<l : 5> from maltose, obtained as phenyl- 
osazone, decomp. 195° (Ber. 60, 1558) : \-^-gluco8ido<\ : -‘^-arabinose<\ : 5> 

from cellobiose ; crystalline acetyl derivative : osazone, decomp. 210° (Ber. 59, 
1254). 

\-Galactosido : 5> -3-am6inOc‘fc<l : 5> from lactose, or by the oxidative 
degradation of calcimn lactobionate. [a]© — 50*3° (initial), — 63° (final, in 
water). Benzylphenylhydrazone, m.p. 214° (docomp.) (Ber. 60, 1309). \-Qalacto- 
8ido<\ : 5> >2(?)-am6ino5e<l : 5> from melibiose. Only obtained in solution, 
and does not form an osazone (Bor. 60, 923). 

2. Hexosidohexoses. — ^These yield on hydrolysis by acids or 
enzymes two molecules of hexose, according to the equation : 

Ci2H,20n + H,0 = 2CeH,20e. 

/. Non-reducing Disaccharides, C 12 H 22 OU 

1. Glucosidoglucoses. — Trehalose, \-<x-gliico8ido < 1 : b>-\-gluco8e<\ : 5> 
is obtained from various plants, especially seaweeds and fungi. The plant 
Selaginella lepidophylla of America is the best source for the preparation of 
trehalose. Trehalose has m.p. 96-97° and [a]© + 197°. 

i^oTrehalose, — 39-4°, is obtained together with tetraacetylglucose from 
)3-acetobromoglucose and silver carbonate (Ber. 42, 2776). Ociaacetyl derivative, 
m.p. 178° [a]^ — 17-2° (in benzene). 

2. Glucosidofructoses. — Saccharose, cane sugar, Ci2H220ii, the 
most important of the sugars, occurs in the juice of many plants, 
chiefly in sugar cane (Saccharum officinarum) (20 per cent, of the 
juice), in some varieties of maple, in the sorghum {Sorghum sacchara- 
turn), and in beet-roots (Beta 'maritima) (10-20 per cent.), from which 
it is prepared on a commercial scale ; and also in the seeds of some 
plants (Ber. 27, 62). 

Whilst the hexoses occur mainly in fruits, sucrose is usually 
contained in the stalks of plants. The sugar cane contains, together 
with the sucrose, laevulose and dextrose, of which the quantity 
diminishes with the growth of the plant. 

Historical. — Sugar has been obtained from sugar cane from the earliest times. 
In the Middle Ages sugar cane was a rarity in Germany ; it was only after the 
discovery of America that it was gradually introduced as a sweetening agent. 
In 1747 Marggraf, in Berlin, discovered sucrose in beet-roots, an observation 
which became the basis of the beet-sugar industry. In 1801 Achard, in Silesia, 
erected the first beet -sugar factory. The continental blockade forced by 
Napoleon I hastened the development of the new industry, which during the 
last fifty years has attained a constantly increasing importance in Germany. 
The total sugar production of the world in 1930-1 was some 29 million tons, 
about 18 millions being derived from sugar cane and 111 million tons from beet. 

Technical Production.* The sugar is removed from the cane or from the 

* Claassen : Die Zuckerfabrikation, 4. Aufl. 1918, (Magdeburg, Schallehn 
und Wollbriick) : Herzog, Chemische Technologie der Organischen Verbindungen, 
2. Aufl. 1927, (Heidelberg, Winter). Report on the Sugar Beet Industry, H.M. 
Stationery Office, London, 1931. 
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finely divided beets by the diffusion process. The saccharine juice diffuses 
through the cell walls, whereas the colloids in the latter remain behind. The 
filtered sap is heated to 80-90° with milk of lime, to saturate the acids, and pre- 
cipitate the proteins. The juice is next treated with carbon dioxide, phosphoric 
acid, or SO 2 (to arrest fermentation), filtered through animal charcoal, and is 
concentrated in vacuum pans till it crystallizes. The mother-hquor, molaaaest 
is separated by centrifugation, and the solid is washed with a pure sugar solution 
(“ Kldrsel ”) or purified by recrystallization, and thus forms refined sugar. 

Sugar may be obtained from the syrupy mother liquor — the molasses, which 
cannot be brought to crystallization — by osmosis ^ depending upon diffusion 
through parchment paper, in apparatus similar to filter presses or by elution 
(Scheibler, 1865). The sparingly soluble saccharates of lime and strontium are 
obtained from the molasses (see below) and these are freed from impurities by 
washing with water or dilute alcohol. The purified saccharates are afterwards 
decomposed by carbon dioxide, and the juice which is thus obtained is further 
worked up. 

The molasses is also converted into rum (p. 142). 


Properties. — ^When its solutions arc evaporated slowly, sucrose 
separates in large monoclinic prisms, and dissolves in one-third part 
water of medium temperature ; it dissolves with difficulty in alcohol. 
It has [a] D + It melts at 160^, and on cooling forms a 

glassy mass (barley sugar) which very slowly becomes crystalline and 
loses its transparency. At 190-200° it changes to a brown non- 
crystallizable mass, called caramel, which finds application in colouring 
foodstuffs. 

The quantity of sugar in solution may be determined by polariza- 
tion, using the apparatus of Soleil- Ventzke^ Scheibler , or the half-shadow 
instrument devised by Schmidt and Hdnsch (Ber. 27 , 2282), as well as 
from the specific gravily by means of the saccharimeter of Brix. 

Reactions and Constitution . — By the action of enzymes, or by 
heating with dilute acids, cane sugar is converted into a mixture of 
equimolecular amounts of d-glucose and d-fructose. The direction 
of the optical activity is reversed in this reaction, and the product 
is described as invert sugar. Cane sugar does not reduce Fehling’s 
solution, but after this inversion, its products do so. Concentrated 
sulphuric acid converts it into a black, humus-like substance. When 
heated with nitric acid, saccharose is oxidized to d-saccharic acid, 
tartaric acid and oxalic acid. When heated to 160° with acetic 
anhydride, the octaacetyl derivative, Ci 2 Hi 403 ( 0 Ac)g, m.p. 67°, is pro- 
duced (Ber. 34, 4347). 

The constitution of saccharose is established by the formation of 
2:3:4: 6-tetramethylglucopyranose and 1:3:4: 6-tetramethylfruc- 
tofuranose when the octamethyl derivative of saccharose is hydrolysed 
(J.C.S. 1916, 109 , 1314 : 1927 , 2308, 2432). It is therefore to be 
represented as a 1 -glucosido<Il : 5^-2-fructose<^2 : 5^. Whether 
the sugar residues are linked as a- or /3-glucosides cannot at present 
be stated with certainty. 


CH.OHCHCHOHCHOHCHOHCH 

/I 

O 


o 


o- 


iL 


CHiOHCHCHOHCHOHCCHjOH 

The above formula is supported by the synthesis of the compound 
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by the action of phosphorus pentoxide on a chloroform solution 
of eqiiimolecular quantities of 2:3:4: 6-tetraacetylglucose and 
1:3:4: 6-tetraacetylfructose (furanose derivative) followed by hydro- 
lysis of the octaacetylsaccharose so obtained (Pictet, Compt. rend. 
i86, 724). 

Octa^nethyJsvcrose forms a syrup, b.p. 17()°/()-05° mm., [a]i, -f 66-7° (methyl 
alcohol) (J.C.S. 109, 1314: 123, 301). 

Saccharates . — Sucrose unites with bases to form saccharates. Ci2H22t)ii‘CaO -j- 
2H2O is precipitated by alcohol, whilst C,2H220,i-2Ca0 crystallizes on cooling. 
Cj2H220ii'3CaO dissolves with great difficulty (Ber. 16, 2764). Similar com- 
pounds are formed with the oxides of strontium and barium (see above) (Ber. 
16, 984). 

Thiotrehaloses. — Oc^fwicc /;?//«/< ihiso/'.rc7?o7ow is obtained as colourless needles, 
m.p. 174"^, [ajr, — 38*2^, by the action of potassium sulphide on acetobromo- 
glucose. It can be saponified to thioisotrehalosc, m.p. 174°, [a]n — 84*7°, and 
only by prolonged heating with acids is it hydrolysed with loss of H2S (Ber. 
50, 793). 

Selenotrehaloses, see Ber. 50, 800. 


II. Reducing Disaccharides C 12 H 22 O 11 

Maltose, malt sugar, nmliohiose, C 12 H 22 O 11 + H 2 O, [aj^ + 137'^ 
(equilibrium value), is a sugar formed, together with dextrin, by the 
action of malt diastase on starch, as in the mash of whisky and beer. 
It is also an intermediate product in the action of dilute sulphuric 
acid on starch, and of the ferment diastase on glycogen (p. 733). It 
is prepared from starch paste by means of diastase (Ann. 220 , 209). 
It is capable of direct fermentation (Willstatter, Z. physiol. Chem. 
152 , 202). 

Maltose is readily fermented by yeast. Under ordinary conditions 
the maltose is hydrolysed by the enzyme maltase into two molecules 
of glucose, which then undergo fermentation. In an acid medium, 

4*5, however, where maltase no longer acts, maltose can be directly 
fermented (Z. physiol. Chein. 152 , 202). Maltose reduces Fehling’s 
solution, about two-thirds as much as an equal quantity of glucose. 

Maltose is not further attacked by diastase. By heating with 
dilute acids it is converted into glucose, with the addition of the 
elements of water. Nitric acid oxidizes maltose to d-saccharic acid 
(p. 717) and chlorine water to maltobionic acid, C 12 H 20 OJ 1 , which 
can be hydrolysed to glucose and c^-gluconic acid. By the addition 
of hydrocyanic acid, it can be converted into maltosecarboxylic acid, 
Ci 2 H 23 G,i*COOH, which can be hydrolysed to glucose and glucose- 
carboxylic acid (Ann. 272 , 200). When heated with lime water, 
maltose yields i^osaccharin ” (p. 076). 

Octaacctylnmltose, Cj2Hj403(0Ac)g, m.p. 156°, [a]i, -j- 123°, yiolds with liquid 
hydrogen chloride heptaacctylchloromaltosr, Ci2Hi403(0Ac)7Cl, two forms of which, 
m.p. 67° (Ber. 35, 840) and m.p. 118° (Ann. 377, 186), probably represent 
the a- and ^-forrns of the compound. A third form, m.p. 112-114° (Ber. 55, 
922), is possibly derived from a y-form of the sugar. Heptaacetylmaltose nitrate, 
Ci 2 Hi 403(0 Ac) 70'N02, m.p. 94°, is obtained by the action of fuming nitric acid 
on the octaacotyl compound in chloroform solution. The two latter compounds 
yield with methyl alcohol, heptaacetylmethylmaltoside, m.p. 128°, which yields 
on removal of the acetyl groups, p^methylmaltoside, m.p. 94° (Ber. 34, 4343 : 
35, 840). Heptamethylmethylmaltoside, b.p. 190°/0*09 [a]j, -f 81*4° (in 

water). 
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Maltosazonc, m.p. 206'’, is decomposed by benzaldehyde yielding maltosone 
(Ber. 20 , 831 : 35 , 3142). 

Constitution of Maltose . — Heptamethylmethylmaltoside is hydrolysed by 5% 
hydrochloric acid to equimolecular amounts of 2:3:4: 6-tetramethylglucose 
and 2:3: 6-trimethylglucose, both compounds being derivatives of glucopyra- 
nose. This shows that the second molecule of glucose is attached at the 4th 
carbon atom (J.C.S. 1926 , 862). This constitution is confirmed by the degrada- 
tion products of maltosooxime (Ber. 60 , 1555). The disaccharide ceUobiose 
(see below) is found to have the same structure as maltose, and as maltose is 
hydrolysed by maltase which is specific for a-glucosides, whereas cellobiose is 
hydrolysed by emulsin, which attacks ^-glucosides, these compounds can be 
represented as the a- and /S-glucosidic forms of the compound 

1^ ■ I 

CH 2 OHCHCHCHOHCHOHCHOH 

I 

0 

1 

HCCHOHCHOHCHOHCHCH,OH 


and represented by the following stereochemical formulsB : 


CH2OH CHjjOH 




Synthesis of Maltose. — (1) Biochemically, by the reversible action of yeast 
maltase on d-glucose (Ber. 57, 1576). 

(2) By purely chemical methods : (a) By partial hydrolysis of the dextrin 
obtained from equimolecular quantities of glucosan and laevoglucosan (Bull. 
Soc. Chim. [4], 27, 652). (6) By heating equimolecular amounts of a- and /3- 

glucose to 160°. Maltose was identified as the octaacetate, phenylosazone and 
octanitrato (Pictet, Compt. rend. 184, 1512). 

Oentiohiose (below) is a l-)3-glucosido-6-glucose, and has the configuration: 


CH,OH OH 



Gentiobiose. 
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Cellobiose (formula, see above) decomposes at 226° and has [a]® -f 33-7° 
(final value). It is obtained by hydrolysis of octaacetylcellohiosey m.p. 228° (Ber. 
12 , 1941 : Helv. Chim. Acta. 4 , 174 : Ber. 54 , 767 : 59 , 1268). It is not fer- 
mented by yeast, but is hydrolysed by emulsin. Its constitution is based upon 
the degradation of its oxime (Ber. 59 , 1254) and on the products of hydrolysis 
of the methyl ester of octamethylcellobionic acid (J.C.S. 1927 , 2809). 

Acetohromocellohiosc , m.p. 180° (decomp.), [a]® -{- 96° (Ber. 43, 2636). Aceto- 
rhlorocellobiose : Monatsh. 22 , 1033. 

Heptaacetylcellobiosef m.p. 195°, [a]© + 20°, is obtained from acetobromo- 
cellobiose and silver carbonate (Ber. 43 , 2536). 

Cellobialf m.p. 134-136°, [a]D — 19*8°, is obtained by reduction of acetobromo- 
cellobiose with zinc dust and acetic acid and hydrolysis of the hexaacetyl com- 
pound with methyl alcoholic ammonia (Bor. 47, 2057). Thio derivatives of 
cellobiose, see Z. physiol. Chem. 172, 169. 

i^oMaltose (1), Cx 2 H 220ii, ^HgO, decomp, about 170°, [a]© + 100° to 97° 
(final), is obtained from d-glucoso by the action of concentrated hydrochloric 
acid, together with a little gentiobiose (Ber. 23 , 3687 : 28 , 3024 : Helv. Chim. 
Acta. 9 , 614 : c/. Ber. 59 , 1983), or by hydrolysis of dilsBvoglucosan with con- 
centrated hydrochloric acid (Helv. Chim. Acta. 5 , 876 : 9 , 621). p-Octaacetyl 
derivative^ amorphous, m.p. 12-11° y [a]» -f 93-7°. oi-Octaaceiyl derivative, 
[«]» + 115°, from the /3- compound by heating with acetic anhydride and zinc 
chloride. Osazoney m.p. 167°. 

(2) Obtained by Lintner from starch amylopectin (g.v.), [a]D + 140°. Osazone, 
m.p. 152° (Z. angew. Chem. 5, 268 : cf. J.C.S. 123, 2666). 

Gentiobiose (constitution, see above), m.p. 191°, [a]© + 9*6° (equilibrium), 
is obtained by partial hydrolysis of gontianose. Osazoney m.p. 164°, [a]n -f- 10*7°. 
Octaacetyl derivativcy m.p. 190°. Synthesis: (1) Biochemical, by the prolonged 
action of emulsin on a 5% glucose solution (Compt. rend. 157 , 732). (2) Chemical, 

Helferich, Ann. 447 , 28 (constitution, J.C.S. 1923, 123 , 3120). Gentiobiose 
is the sugar of the glucoside amygdalin. Synthesis of amygdalin from hepta- 
acetylbromogentiobiose, see Ber. 57 , 1767. 

Celloi^obiose is formed as a by-product in the acetolytic breakdown of cellu- 
lose (Z. angew. Chem. 33 , 100). It has m.p. 195°, [alp + 24*6° (equilibrium 
value in water). Osazone-y m.p. 165°. The existence of celloisobiose is denied 
by Haworth, Hirst and Ant-Wuorinen, J.C.S. 1932 , 2368. 

2. Glucosidomannoses. — A l-^-glucosido <\ : A-mannose i& obtained by 
the action of perbenzoic acid on cellobial. It has m.p, 176° (anhydrous) and 
[ajc -f 10-7° (equilibrium) and gives the same osazoney m.p. 198°, as cellobiose. 
Hydrochloric acid or emulsin hydrolj^so it to d-glucose and d-mannose. Octa- 
acetyl derivative, m.p. 196°, [a]© + 33*2° (Ber. 54, 1564). 

3. Glucosidogalactose. — A glucosidogalactose of uncertain constitution has 
been obtained from acetochloroglucose and sodium galactose (Ber. 58 , 1184 : 
59 , 2101). Osazoney m.p. 174° (Ber. 35 , 3148). 

4. Glucosidofructoses. — Turanose, l-glucosido <l : 5>-Q-Jructo8e<2 : 5>, 
[a]D -f 66°, is the sole representative of this class and is obtained by partial 
hydrolysis of the trisaccharide molezitose {q.v.) (Ber. 59 , 1656, 2539 : J.C.S. 
1927 , 588). 

5. Galactosidoglucoses. — Lactose, milk sugavy is the most im- 
portant representative of this class, and has the constitution of 1-/?- 
galactosido<^l : 5^-4-gluco8e<^l : 5^ (Ber. 59, 2402 : J.C.S. 1927, 
544). Its configuration is represented as follows : 
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Lactose has not been isolated from any vegetable source, but 
occurs in large quantities in the milk of mammals (human milk con- 
tains some 6-7%, cow’s milk about 4%) and sometimes in the urine 
during pregnancy and the puerperium. It was discovered in 1615 
by Fabriccio Bartoletti of Bologna. 

It is obtained from whey by evaporation, the sugar which separates 
being purified by recrystallization. 

It has been synthesized by Pictet by heating together equimolecular 
amounts of j3-glucose and ^-galactose (Compt. rend. 185, 332 : Helv. 
Chim. Acta. 11, 209). 

Lactose forms rhombic prisms of the composition, C12H22O11- 
+ HgO, which lose their water of crystallization at 140° and melt with 
decomposition at 205°. It is soluble in 6 parts of cold and 2*5 of 
hot water, but is insoluble in alcohol. It has a faintly sweet taste. 
The aqueous solution is dextrorotatory, and exhibits mutarotation. 
The ordinary lactose of commerce is the a-form and has [ajn + 90°. 
The /3-form has [ajo + 35° and the equilibrium mixture + 55°. 

Reactions , — Lactose resembles the hexose in reducing an am- 
moniacal silver solution in the cold, and an alkaline copper solution 
(Fehling’s solution) on heating. 

Lactose is decomposed into galactose and d-dextrose by being 
heated with dilute acids. It is only slowly attacked by yeast, but 
it readily undergoes lactic acid fermentation (p. 688). Nitric 
acid converts it into d-saccharic and mucic acids. Bromine produces 
lactobionic acid, C12H22O12, which splits up into d-gluconic acid and 
d-galactose ; whilst oxidation with H2O2 breaks it down, as it does 
the aldoses (p. 673) into galacto-arabinose, CnHgoOio (cf- Ber. 59, 
2408). The latter forms an osazone, m.p. 237°, and is hydrolysed 
into d-galactose and d-arabinose (Ber. 33, 1802). Lactose takes up 
hydrocyanic acid and forms ultimately lactosecarboxylic acidy C12H23' 
Oii'COaH, which decomposes into d-glucoheptonic acid (p. 715) and 
d-galactose (Ann. 272, 198). See also i^oSaccharin (p. 676). 

Lactosazone, Ci 2 H 2 o 09 (N 2 HC«H 5 ) 2 , m.p. 200° (Ber. 20, 829). Octoacetyllactosey 
Ci 2 Hi 403 [OCOCH 3 ] 8 , m.p. 106°, yields, with fliiid HCl, heptaacetylchlorolactosey 
Ci 2 Hi 403 ( 0 C 0 CH 8 ) 7 C 1 . Heptaacetylbromolactose is formed from lactose and acetyl 
bromide. The two last-named lactose compounds exhibit polymorphism. When 
treated with methyl alcohol and silver carbonate, they yield heptaacetylmethyl- 
lactoside, Ci2Hi408(OCOCH3)7CH3 (Ber. 35, 841: C. 1902, 11. 1416). 

Lactic acid forms a crystalline compound with aminoguanidine nitrate (Ber. 
28, 2614). 

oi-Oalactosan (Helv. Chim. Acta. 5, 444). 

Melibiose, \-oL{'i)-galacto8ido<\ : b>-Ci-gluco8e<\ : (Haworth, J.O.S. 

1927, 1527, 3146), m.p. 85° (indefinite), [a]© + 143°, is obtained from raffinose 
by fermentation with top yeasts or by mild acid hydrolysis (C. 1902, I. 524). 
It occurs naturally in wild mallow (Ber. 53, 2076). It is hydrolysed by emulsin. 
Octaacctyl derivative, m.p. 170°, [a]D + 98-1° (C. 1904, I. 1643). Melibiose has 
been synthesized from diglucosan and di-a-galactosan (Helv. Chim. Acta. 9, 
806 ; 10, 280). The synthetic product yields a hydrazone, m.p. 142°, and osazone, 
m.p. 144°, and an octaacetate, m.p. 175°. 

6. Galactosidogalactoses. — Two disaccharides of uncertain constitution 
have been obtained from d-galactose by the synthetic action of emulsin. A, 
Md + 35°. B, [a]D + 53°. Osazone, m.p. 194° (Compt. rend. 164, 443, 521). 
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B. TRISACCHARIDES CisHgAe 

I. Non-reducing Trisaccharides. — The tri- and tetra-saccliarides which 
occur in various plants are attacked by enzymes which occur in the intestinal 
canal of invertebrates. The higher animals possess no enzymes capable of 
dealing with them and yeasts only attack them slowly. 

Gentianose, l-^-qlucosido < \ : -^-oL-gLucoaido < \ : -2- fructose <2 : 5> 
(J.C.S. 123, 8120), occurs together with cane sugar in gentian roots. It has 
m.p. 209° and [a]p + 83°. It is hydrolysed by emulsin into d-glucose and cane 
sugar and by yeast saccharaso into gentiobiose and fructose. 

Melezitose, melecitme, CigHggOig 2 H 2 O, is l-glucoaido <i\ : 5>-ii-fructo~ 
.sido <2 : 5> -glucose (Ber. 59, 1655, 2539: J.C.S. 1927, 588). It occurs in 
v'arious mannas, that occurring on the Douglas Fir being a good source for its 
preparation (J.A.C.S. 40, 1456), m.p. 148°, [a]® + 88*5°. It is hydrolysed by 
dilute acids to turanose and glucose, but is not attacked by yeast. 

Raffinose, nielitose, mcMtriose., 0 igH 32 O 2 e -|- SHoO, is \~galactosido<i \ :5>- 
{S-ai-glucA)8ido<i\ : 5> -2 -fructose <2 : 5> (J.C.S. 1928, 123, 3125: 1927, 1527). 
It has m.p. 122° and [a]n + 104°. It occurs in large amount in Australian manna 
from Eucalyptus^ in cotton-seed meal, and in small amount in sugar-beets. It 
is more soluble than sucrose and accumulates in the molasses in sugar manu- 
facture. From the molasses it is obtained together with the sucrose (Ann. 232, 
173). On accoimt of the high rotatory power of its pointed crystals, it is referred 
to as ''plus &ugar.'' Estimation, see Ber. 19, 2872, 3116. Raffinose is hydro- 
lysed by emulsin into galactose and sucrose and by invertase into fructose and 
rnelibiose. 

IT. Reducing Trisaccharides. )3-Glucosidomaltose, m.p. 202°, [a]p + 
165°, is obtained by the action of malt diastase on )3-hexaamy]ose at 70° : 
yeast maltase decomposes it into d -glucose and i^omaltose, emulsin into glucose 
and maltose. Phenylosazone^ m.p. 122° (Ling and Nanji, J.C.S. 123, 2678). 

Mannotriose, m.i^. 150°, [ajo + 167°, is obtained by the action of yeast 
on stachyose (see below). Osazotie, m.p. 122-124°. It is hydrolysed by acids 
to 2 molecules of galactose and one of glucose. Its constitution is probably a 
digalactosidoglucoso (Biochein. Z. 44, 446: Bull. Soc. Chim. [3] 27, 947). 

Rhamninose, m.p. 135-140°, [ajp — 41°, occurs as a glucoside in the Persian 
berry {Rhomnus mfectoria). On hydrolysis by acids it is hydrolysed into 1 mol. 
of galactose and 2 of rhamnoso (Compt. rend. 129, 725 : Rec. Trav. Chim. 42, 
380). 

Some trisaccharides of this type have been synthesized, e.g. cellobiosidoglucose, 
lactosidoglucoso (Ann. 450, 229). 

C . TETRAS ACCH ARIDES 

Stachyose, C24H42022» m.p. 167-170, [ajp -f 148°, is a non-reducing 
tetrasaccharide which occurs in the tubers of Stachys tubiferaf in ash manna 
and in other plants. It is hydrolysed by acids into fructose (1 mol.), glucose 
(1 mol.), and galactose (2 mols.) (c/. Ber. 43, 2230). 

D. SUGAR ANHYDRIDES (CeH„ 05)2 or 3 

A number of di- and trisaccharides are derived from hexoses according to the 
scheme : 

nCeHigOe - nH20 = 

These can be regarded as derived from the above di- and trisaccharides by 
loss of a further molecule of water. Their constitution is undetermined. Among 
them may be included (1) the p^lyamyloses prepared by Schardinger from starch 
by the action of the Bacillus macerans. Pancreatic amylase partially converts 
it to maltose (Karrer) (Ber. 45, 2533 : 46, 2959 : 54, 1281 : 55, 153, 1433 : 
Helv. Chim. Acta. 4, 169, 263). 

(2) Dihexosan, CeHio 05 ) 2 , [a]x, + 155° (water) (Acetate, [ajo + 142°), and 
trihexosan, CflHio06)8, [ajn + 166°, are obtained by the depolymerization of 
starch or amylopectin by heating with glycerol at 200°. 

A glucosido-anhydromannose (Ber. 54, 1564) and glucosido-anhydroglucose 
(Helv. Chim. Acta. 4, 319) have been prepared. 
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E . POLYSACCHARIDES 

The polysaccharides with the general formula (CeHiiOg)^, where 
n is a large number, differ much more from the monosaccharides than 
do the di- and trisaccharides alread}^ described. The polysaccharides 
were until recently regarded as amorphous, but X-ray examination 
(Ber. 53, 21G2 : 54, 1283) has shown that starch, inulin and cellulose 
possess a crystalline structure : gly(;ogen alone appears to be really 
amorphous. The polysaccharides are converted by the action of 
acids or of enzymes, through the intermediate stages of the com- 
paratively little investigated dextrins finally into monoses. The 
alcoholic nature of the polysaccharides is demonstrated by their 
ability to form acetyl compounds, nitric esters and methyl ethers. 
The polysaccharides can be divided into starches, gums and cellulose. 

There are certain gums, like cherry gum and wood gum (p. 7.‘Ui), which yield 
pentoses by hydrolysis. They are, therefore, called j)c})tosans to distinguish 
them from the hcxosans — the polysaccharides, which break down into hexoses 
when they are hydrolysed (l^er. 27, 2722). 

On experiments for determining the molecular magnitude of the polysac- 
charides such as starch, glycogen, cellulose, by chemical and physical means, 
see C. 1906, I. 655, etc.: methylated starch, Helv. Chim. Acta. 4, 185. 

Starches 

1. Starch, awylvm, (C^HioOg),,, is the most important assimila- 
tion product of the plant cell. Baeyer suggested that the mechanism 
of this was the hydrogenation of carbon dioxide to formaldehyde, 
and the subsequent condensation of this to starch : plants are also 
capable of forming starch from certain carbohydrates such as glucose, 
fructose, galactose or maltose or cane sugar. Starch is the typical 
reserve material of plants and is laid down in granules which vary 
in size in different plants. According to X-ray investigations, starch 
crystallizes in the rhombohedral system (Ber. 53, 2163). 

Recent investigations have confirmed the suggestion of Nageli 
(1858) and Maquenne (1904) that native starch really consists of two 
components — amylase, the internal portion of the granules, and 
amylopectin, the outer portion. Amylose is free from electrolytes, 
but amylopectin contains about 0-1 75^1,, P, probably in the form of 
a phosphoric ester. Electrolyte-free amylopectin is described as 
erythroamylose. (Separation of starch into its components, see Ber. 
57, 888 : J.C.S. 123, 2672.) The amylopectin is responsible for the 
ability of starch to form a gel. 

The blue coloration produced by iodine is characteristic of starch, 
both the soluble variety and that contained in the granules (Ber. 
25, 1237 : 27, R. 602 : 28, 385, 783 : C. 1897, I. 408, 804 : 1902, 
II. 26). Heat discharges the eoloration, but it reappears on cooling. 
The coloration with iodine is due to an adsorption phenomenon, and 
the presence of iodine ions facilitates its development. Amylose 
is coloured a pure blue, and amylopectin violet-brown. As native 
starch is coloured a pure blue with iodine, presumably the amylose 
first takes up the iodine, and the amylopeetin later. 

The property of pectization is of the greatest importance. Starch 
is insoluble in cold water, but on heating swells up, and at a definite 
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temperature becomes a viscous paste. This temperature is a charac- 
teristic for different starches. (Rice-starch, 72°, Maize- 67°, Rye- 
56°, Wheat- 62°, Potato- 72°. ) This property is due to the amylo- 
pectin. Pure amylose does not form a paste. 

Quantitative Estimation. — (1) Colorimetric with iodine (Ber. 28, R. 1025). 

(2) Hydrolysis of the starch to glucose, and estimation of the latter either 
polarimetrically or by reduction methods. 

Degradation of Starch. (1) Soluble Starch. — By partial depolymerization 
of starch a product can be obtained which is soluble in water. It still gives a 
blue colour with iodine and has no reducing properties. Soluble starch is not 
a definite compound, but a mixture of depolymerized products, still very closely 
allied to starch. The principal methods for its preparation are Lintner’s, 
where the starch is treated with 7% HCl for 7 days at room temperature and 
Zulkowsky’s, where the starch is heated in glycerol to 190". 

(2) Distillation of Starch. — By dry distillation in vacuo Isovoglucosan is pro- 
duced (Compt. rend. 166, 38 : p. 696) : at ordinary pressures, maltol and 
womaltol. 

(3) Heating with dilute acids converts starch into dextrin and eventually 
into glucose (Kirchhoff, 1811). 

(4) Enzymatic Breakdown. — (a) By means of amylases. The enzymes which 
attack starch are collectively referred to as amylases or diastases. They occur 
in both the animal and vegetable kingdoms, wherever it is necessary for starch 
to be brought into solution. Particularly rich sources of amylase are malting 
barley (malt diastase), saliva and pancreatic juice. The final products of diastase 
action are disaccharides, and malt diastase yields about 80% of maltose (O’Sulli- 
van, J.C.S. 1872, 25, 879) and 20% of i^omaltose (Lintner, Z. angew. Chem. 
1892, 5, 268), the latter being produced from the amylopectin (Ling and Nanji, 
J.C.S. 123, 2677). The reaction involves the intermediate formation of im- 
perfectly characterized dextrins. Amylopectin is broken down by precipitated 
malt diastase to a hexatriose, probably j3-glucosidomaltoso (see p. 730) which 
is further broken down by yeast maltase to glucose and i^omaltose (Ling and 
Nanji, loc. cit.). 

It should be noted that in general the hydrolysis of natural starch by diastases 
comes to an end when about 65% of maltose has been produced. This inhibition 
can be overcome by the addition of a coenzyme which exists in yeast, and by 
this means starch can be converted quantitatively into disaccharides (Ber. 56, 
1762 : Biochem. Z. 142, 108 ; 148, 336). 

(6) Bacillus macerans (Schardinger, Zentr. Bakt. 1908, [ii] 22, 98) converts 
starch to so-called “ crystalline dextrins,” which are more recently referred to 
as polyamyloses. These polyamyloses occupy a special position among the 
breakdown products of starch, in that they are not converted into maltose by 
malt diastase. 

(5) Acetolysis. — Karrer succeeded in 1921 (Helv. Chim. Acta. 4, 263) in obtain- 
ing acetobromomaltose quantitatively by the action of acetyl bromide on starch. 

(6) Heating with Glycerol. — By heating starch with glycerol at 200°, Pictet 
(Helv. Chim. Acta. 5, 640) obtained di- and tri-hoxosans (p. 730). 

(7) Methylation of Starch. — The methylation of starch to a trimethyl -derivative 
was carried out satisfactorily by Haworth, Hirst and Webb in 1928 (J.C.S. 1928, 
2681), by acetylating starch and then simultaneously methylating and de-acety- 
lating the product by the use of dimethyl sulphate and alkali in acetone solution. 
The yield of trimethyl starch, which gives 2:3: 6-trimethyglucose on hydrolysis, 
was 89%. Irvine and MacDonald (J.C.S. 1926, 1502) obtained the same com- 
pound with greater difficulty by direct methylation. The introduction of two 
methyl groups per glucose residue can be fairly readily carried out (Karrer, 
Helv. Chim. Acta. 4, 185). 

Constitution of Starch. — In spite of the large amount of work which has 
been done, the constitution of starch must still be regarded as an imsolved prob- 
lem. Purely chemical methods are possibly too energetic for the elucidation of 
its constitution : they do not preclude the possibility of unexpected changes 
taking place in the molecule of native starch. The purely chemical findings 
are on this account sometimes contradictory (c/. Helv. Chim. Acta. 5, 196, and 
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J.C.S. 123 , 898). It should be noted, however, that the various degradation 
methods when applied to amylose always yield products containing two hexose 
residues, maltose, dihoxosan, (Ber. 57, 887), amylobiose (Ber. 57, 1693), whereas 
amylopectin yields products containing three hexose residues, trihexosan (Ber. 
57, 887), amylotriose (Ber. 57, 1581), hexatriose (J.C.S. 123 , 2606). The attack 
by pure enzyme preparations has been more successful than purely chemical 
methods. 

2. Paramylum, (CgHioOg),,, occurs in the miusoTmEuglena viridis. It gives 
no colour with iodine and is soluble in potassium hydroxide. 

3. ?:^oLichenin, moss starch, (C4Hio06)„, occurs in many lichens associated 
with lichenin (lichen cellulose) and in Iceland Moss, Cetraria islandica. It is 
coloured a dirty blue by iodine and yields glucose on hydrolysis. Preparation, 
see Ber. 57, 1594. It closely resembles amylose in its degradations. 

4. Glycogen, liver starch, (CeHioOB)^, is the principal reserve 
carbohydrate of mammals, and is laid down principally in the liver 
and muscles. It also occurs in lower animals, and in some' plants 
(mushrooms). Glycogen is formed in the liver under normal con- 
ditions from glucose and certain other monoses, from glycerol, and 
from some of the amino-acids derived from proteins. On acid hydro- 
lysis it yields glucose, with certain enzymes, maltose. In its reac- 
tions, it resembles electrolyte-free amylopectin (erythroamylose). It is 
coloured wine -red with iodine, and does not form a paste. Haworth 
and Percival (J.C.S. 1932, 2277) suggest that the constitution of 
glycogen can be represented by a chain of about twelve glucose 
residues, linked together as in maltose. This is based on the isolation 
of about 9^/0 of 2 : 3 : 4 : 6-tetramethylglucose together with trimethyl- 
glucose by the hydrolysis of methylated glycogen. The tetramethyl- 
glucose is derived from the glucose residue at one end of the chain. 

6. Inulin is the reserve carbohydrate of certain plants such as dahlias, 
chicory and certain compositae. It differs from the polysaccharides referred to 
above in that it yields fructose instead of glucose on hydrolysis. The fructose 
residues in inulin are the unstable fructofuranose, but the sugar reverts im- 
mediately on isolation to the normal fructopyranose (J.C.S. 1928 , 519). As 
regards the molecular complexity of the substance, ebullioscopic determinations 
on purified inulin lead to a formula containing at least 20 fructofuranose units 
(J.C.S. 1928 , 2691), whereas determinations of the molecular weight of triacetyl- 
inulin (Ber. 54, 1281 : 55, 1409) or of trimethylinulin (Helv. Chim. Acta. 4, 
249) lead to lower values, the molecule containing only 9 fructose units. It is 
probable that the higher value is more accurate. 

Inulin is soluble in water, has [ajn — 36° and does not give any colour with 
iodine. The triacetate, insoluble in water, has [a]^^ — 42-5°. 

6. Carubin occurs in St. John’s Bread, the pods of Ceratonia siliqua, and 
is hydrolysed by acids to yield mannose. 

Dextrin. — Starch gum, leiocome, (CeHio 05 )„. This term is applied to a 
number of substances obtained as intermediate products in the conversion of 
starch to maltose and glucose. They are obtained by the depolymerization of 
starch in various ways, e.g. by heating starch alone to 160-200° or by the action 
of dilute sulphuric acid. Various dextrins have been described, amylodextrin, 
erythrodextrin, which gives a red colour with iodine, and achroodextrin, which no 
longer gives any iodine colour. These various dextrins are not very definitely 
characterized (Ber. 28 , R. 987 : 29 , R. 41 : C. 1897, I. 408 : Ann. 309 , 288). 
The dextrins are readily soluble in water and are precipitated by alcohol. They 
form gummy amorphous masses and their aqueous solutions are dextrorotatory, 
whence their name. They do not reduce Fehling’s solution, and are not directly 
fermentable : in the presence of diastase they can be fermented by yeast, after 
a preliminary conversion to glucose. They yield glucose on hydrolysis with 
acids. They react with phenylhydrazine (Ber. 26 , 2933). A gum has been 
isolated from yeast cells (Ber. 27 , 926 : 60 , 1639, 1644). 
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Dextrin is manufactured on the large scale as a substitute for gum by moisten- 
ing starch with 2% nitric acid, allowing it to dry in air and then heating it at 
110‘^ (Ber. 23, 2104). 

A depolymerization product of inulin analogous to the dextrins has been 
isolated by Drew and Haworth, and named inulin “ la vulin ” (J.C.S. 1928, 
2695). 

Cellulose,* lignose, (CeHioOB)^, forms the principal component 
of the cell walls of plants. X-ray spectroscopy has shown that cel- 
lulose has a crystalline structure and forms long thread-like crystals 
of the rhombic system (Ber. 53, 2162 : Z. Physik. 3, 342 : 7, 147 : 
Naturwissenschaften, 9 , 288 : Ber. 61 , 593). Cellulose resembles 
starch in many ways, but on account of its purpose as a supporting 
substance is much tougher. Cellulose is accompanied by lignin as a 
supporting substance. Pine, for example, contains 58% cellulose and 
30 lignin ; oak, 39® o cellulose and 26® ^ lignin. To obtain pure 
cellulose, vegetable fibre, or, better, cotton -wool is treated succes- 
sively with dilute potassium hydroxide solution, dilute hydrochloric 
acid, water, alcohol, and ether, to remove all admixtures (encrusting 
substances). Cellulose remains then as a white, amorphous mass. 
So-called Swedish filter paper ” consists of nearly pure cellulose. 

Sulphite cellulose is prepared by treating wood with hot calcium 
bisulphite liquor under pressure, whereby the lignin surrounding the 
wood fibre is dissolved. Sodium cellulose is formed when straw is 
heated with sodium hydroxide solution. Cellulose is employed for 
the manufacture of paper, parchment paper, gun-cotton, smokeless 
powder, celluloid and celluloid-like bodies, artificial silk, etc. 

Cellulose is insoluble in most of the usual solvents, but dissolves 
without change in an ammoniacal copper solution (Ber. 38, 2798 : 
44, 3320 : 54, 3220 : 55, 1899). Acids, various salts of the alkalis 
and sugar precipitate it as a gelatinous mass from such a solution. 
After washing with alcohol it is a white, amorphous powder. Accord- 
ing to Hess (Ann. 435, 1), this consists of unchanged cellulose. 

Derivatives of Cellulose, — When cellulose is treated with alkali of various 
concentration, it undergoes physical change with the formation of a so-called 
hydrate-cellulose. This treatment is of importance in the commercial process of 
inercerization (Ber. 40, 441, 49011). (Effect of mercorization on the X-ray 
structure of cellulose, Ber. 61, 600.) Similarly, by the action of dilute acids 
or oxidizing agents (nitric acid, bleaching powder, permanganate, hydrogen 
peroxide) the hydro- or oxy -celluloses are formed. In both the cellulose has 
undergone chemical alteration, and the compounds have some reducing action 
on Fehling’s solution, and are converted by quicklime into iwsaccharinic acids. 
The oxy celluloses which are not pure compounds contain carboxyl groups. 

Degradation of Cellulose. — 1. Acid hydrolysis. Strong mineral acids break 
down cellulose with a 100% yield of glucose. This forms the basis of manu- 
facture of wood spirit. 

2. Bacterial breakdown.- — Enzymes which attack cellulose {cellulases) have 
hitherto only been found in bacteria (Z. physiol. Chem. 78, 266). The only 
identifiable intermediate product is the disaccharide cellobiose. Bacterial action 
has shed little light on the constitution of cellulose, as in practice cellulose is 
usually completely oxidized to COg and water and in other cases only the lower 
fatty acids have been isolated. 

3. Acetolysis. — Franchimont in 1879 (Ber. 12, 1941) obtained by the action 


♦ K. Hess, Cellulosechemie, Leipzig, 1928, Akad. Verl.-Ges. E. Heuser 
Lehrbuch der Cellulosechemie, 2. Aufi. Berlin, 1923. 
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of acetic anhydride and concentrated sulphuric acid on cellulose the octaacetate 
of the disaccharide cellobiose. Karrer (Helv. Chim. Acta. 4 , 174) and Freuden- 
berg (Ber. 54 , 767) have shown that in cellulose at least 60% of cellobiose is 
preformed. Cellobiose is related to cellulose as maltose is to starch (Ber. 34 , 
1116 : C. 1902, I. 183 ; cf. 1901, II. 405). 

Hess (Ber. 54, 2867) has obtained the hexaacetate of a biose anhydride 
which shows a great tendency to association. 

A cellowobiose has been described as another disaccharide obtained in the 
acetolytic breakdown of cellulose (Z. angew. Chom. 33 , 100), but its existence 
has recently been denied (J.C.S. 1932 , 2368). 

By the action of acetic anhydride and a little sulphuric acid at 0° there is 
obtained together with octaacetylcellobiose, a so-called cellulose dextrin (Z. physiol. 
Chem. 105 , 173). 

4. Distillation in vacuo. — By the distillation of cellulose in vacuo, up to 35% 
of leevoglucosan is formed (Helv. Chim. Acta. 1 , 87). Karrer has shown that 
this is only obtained from )3 -glucose, so that its formation is evidence for the 
existence of j3-glucose residues in cellulose. 

5. M ethylation oj Cellulose. — A trime thy Icellulose was obtained in 1921 (J.C.S. 
119 , 77) using repeated applications of methyl sulphate and alkali. A fully 
methylated cellulose was obtained in one operation (J.C.S. 1932 , 2270) by the 
action of methyl sulphate and alkali on a specially prepared acetone -soluble 
acetylcellulose. 

Constitution of Cellulose. — Few natural products have had so many formulse 
speculatively assigned to them as cellulose (c/. Pringsheim^ Dio Polysaccharide, 
2. Aufl. 1923, pp. 217 et seq,). None of them has survived experimental verifica- 
tion. More recent work has not brought the matter to an entirely satisfactory 
solution. According to one school, cellulose is composed of basal molecules of 
relatively low molecular weight, joined together by subsidiary valencies (Lattice - 
forces). For the basal substance, on the results of the hydrolysis of trimethyl - 
cellulose, an anhydro-trisacc^haride has been advocated by English investigators 
(Irvine and Hirst, J.C.S. 123 , 518); while from the behaviour of cellulose in 
cupramrnonium solutions (Ann. 435 , 7 ) or from the cryoscopic behaviour of 
crystalline acetylcellulose^ (Ann. 448 , 99) a simple glucose anhydride is postulated. 
This view is contradicted by the purely structural view of cellulose, in which 
it is regarded as constituted of numerous glucose residues linked together in a 
cellobiose -like maimer. This view receives its main experimental support in 
the formation of cellobiose by the acetolytic breakdown of cellulose {q.v. : Ann. 
460 , 288). This view is confirmed by X-ray spectroscopy of cellulose fibres, 
the results showing that in the cellulose “ crystal ” some 40 glucose residues are 
joined by a cellobiose linkage and arranged spirally round a long axis. 40-60 
of such chains associate together by micellar forces to form a cellulose particle 
(K. B. Meyer and H. Mark, Ber. 61 , 612). Haworth and Machemer (J.C.S. 
1932 , 2270), on the results of hydrolysis of fully methylated cellulose, conclude 
that the cellulose molecule is composed of upwards of 100-200 )3-glucopyranose 
residues linked in the 1 : 4 -positions. 

Technically important derivatives of cellulose. 

Wood Alcohol. — Obtained (a) from the sulphite-lye of cellulose manufacture, 
which contains sugar derived from the hemicelluloses of wood : this can be 
fermented to yield alcohol : 11-17 litres of alcohol are obtained per ton of dry 
wood. (6) Sawdust is partially hydrolysed to sugars by rapid heating under 
pressure with dilute acids, the hemicelluloses again being the principal source 
of the sugar which is then fermented to yield alcohol. 

Nitrocelluloses. 

Strong nitric acid produces from cellulose, first, a hydrolysable nitrate (Ber. 
37 , 349 : C. 1908, I. 2024). A more concentrated acid, or, bettor, a mixture 
of nitric and sulphuric acids forms nitric esters, known as nitrocellulose (C. 1901, 
II. 34, 92 : Ber. 34 , 2496). 

Ac^cording to the mode of action, the products show varying characteristics. 
If pure cotton wool is immersed for 3—10 minutes in a cold mixture of 1 part of 
nitric acid with 2-3 sulphuric acid, and then carefully washed with water, there 
is formed gun-cotton (pyroxylin), which was discovered in 1845 by Schonbein. 
It is insoluble in alcohol and ether and their mixture, and explodes violently when 
ignited in a closed space by percussion. In the air it burns very rapidly without 
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exploding. If the cotton wool be immersed for a longer time in a warm mixture 
of 20 parts of powdered sodium nitrate and 30 of concentrated sulphuric acid, 
there is formed soluble pyroocylin, which is dissolved by a mixture of ether and 
a little alcohol. The solution is known as collodion ; this, on evaporation, leaves 
the pyroxylin in the form of a thin transparent skin insoluble in water, which is 
employed in surgery and photography. 

Chardonnet obtained artificial silk by denitrifying thin fibres of collodion by 
means of ammonium sulphide. 

The explosive insoluble gun-cotton consists mainly of cellulose hexanitratCt 
CigHi4(0-N02)604, whilst the ether-alcohol soluble pyroxylin is formed chiefly 
of the tetranitratey Ci2Hig(ON02) Og, and the pentanitratey Ci2Hi5(0*N02)605 
(Ber. 13, 186). The solution of collodion cotton in nitroglycerin© (with small 
quantities of other substances), constitutes a blasting gelatin which is employed 
as s7nokeless powder (Ber. 27, R. 337). 

When mixed with camphor, nitrocellulose forms celluloidy a substance hke 
vulcanite (highly vulcanized rubber), having the disadvantage of burning vio- 
lently when ignited. 

Esters of Organic Acids. — Acetylcellulose is formed by the action of glacial 
acetic acid, acetic anhydride, and a small quantity of concentrated sulphuric 
acid, or zinc chloride on cellulose (Crystal structure, see Ann. 444, 284). It is 
characterized by its solubility in various organic solvents and insolubility in 
water. It is used, like ammonium -copper hydroxide cellulose (p. 734) and nitro- 
cellulose, for the preparation of artificial silk, and many other technical pur- 
poses (C. 1902, II. 1022: 1907, I. 1736: 1908, I. 1831). 

Simultaneous action of acetic anhydride and nitric acid produces cellulose 
acetonitrate (Ber. 41, 1837). Formic acid and sulphuric or hydrochloric acid 
give rise to cellulose formate (C. 1908, I. 328). Benzoyl chloride and pyridine 
produce benzoyl cellulose (C. 1903, I. 744). 

Xa7ithogenates. — Cellulose is dissolved by strong alkalis and carbon bisul- 
phide in the form of a xanthogenic ester : 

(CgHgOg O CS SNa, NaOH)„. 

This solution, after a ripening process (viscose)y is used for the preparation of 
artificial silk. 

Hemicelluloses. — The hemicelluloses accompany cellulose constantly, and 
share with it its property as a supporting substance. They have, however, a 
further use as reserve carbohydrate, their more ready hydrolysis by acids and 
enzymes making them suitable for this purpose. The hemicelluloses are divided 
into hexosansy which yield on hydrolysis hexoses, and pentosansy which yield 
pentoses on hydrolysis. 

According to the nature of the sugar formed on hydrolysis, the hexosans 
are further subdivided into mannans (reserve carbohydrate of palms and St. 
John’s Bread (see Carubin)) and galactanSy which occur in the seeds of lupins, 
lucerne and beans. The substance agar-agar used in bacterial culture media is 
related to the galactans. The pentosans can be similarly subdivided into 
xylans and arabans. 

The vegetable gums belong to this class of substances. 

Arabin, gum, exudes from many plants, and solidifies to a transparent, 
glassy, amorphous mass, which dissolves in water to a clear solution. Oum 
arabic or gum Senegal consists of the potassium and calcium salts of arabic acid. 
The latter can be obtained pure by adding hydrochloric acid and alcohol to the 
solution. It is then precipitated as a white, amorphous mass, which becomes 
glassy at 100°, and possesses the composition (CeHio05)2 + H2O. It forms com- 
pounds with nearly all the bases, which dissolve readily in water. 

Some varieties of gum, e.g. gum arabic, yield galactose in considerable quan- 
tity when boiled with dilute sulphiuic acid ; and with nitric acid they are con- 
verted into mucic acid ; others, like cherry gumy are transformed on boiling with 
sulphuric acid into Z-arabinose, CgHjoOg (p. 674), and into oxalic acid, not mucic 
acid, by nitric acid. The gum, extracted from beechwood by alkalis and 
precipitation with acids, is converted into xylose (p. 674) by hydrolysis (J. pr. 
Chem. 103, 69). 

Bassorin, mucilagey constitutes the chief ingredient of gum tragacanth, 
Bassora gum, and of cherry and plum gums (which last also contain arabin). It 
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swells up in water, forming a mucilaginous liquid, which cannot be filtered ; it 
dissolves very readily in alkalis. On the hydrolysis of plant-mucus, see Ber. 
36, 3197. 

Pectin substances (from ttt^ktos, coagulated) occur in fruit juices, c.g., apple, 
cherries, currants, greengages, etc. They cause these, under suitable conditions, 
to gelatinize. They are closely allied to the vegetable gums, and may be regarded 
as oxymucilage (Ann. 286, 278 : Ber. 28, 2609). 

The basic constituent of the pectin substances is the calcium or magnesium 
salt of pectic acid, which is probably constituted by 4 molecules of galacturonic 
acid, 1 of galactose and 1 of arabinose joined in a six-sided ring (Nanji, Paton and 
Ling, J. Soc. Chem. Ind. 1926, 44, 253t). (Recent summary of the constitution 
of the pectin substances, see Ehrlich, Z. angew. Chem. 1927, 40, 1305). 

Lignin.* — Little is at present known about this substance, which accom- 
panies cellulose in wood. The lignin content of wood is 20-30%. Lignin can 
be prepared, according to Willstatter and Zechmeistor (Ber. 46, 2401), by the 
action of hydrochloric acid (saturated at 0°) (40%) on sawdust at room tem- 
perature. Lignin remains unattacked. Further methods of preparation, see 
Z. angew. Chem. 1924, 37, 169. 

Lignin is converted by the action of sulphurous acid or concentrated bisul- 
phite solution into a sulphonic acid, whose barium and calcium salts have been 
investigated (Ber. 53, 707). Chlorine dioxide is a good solvent for vegetable 
encrustations, among which is included lignin (Schmidt, Bor. 54, 1860 : 56, 23). 
Lignin gives an intensive red colour with the alcoholic or aqueous solution of 
certain phenols (especially with phloroglucinol) in presence of hydrochloric acid. 

Lignin is not a chemical individual. Its analytical figures vary from those 
required for C 18 H 24 O 10 to those of C 40 H 45 O 18 . The presence of hydroxyl, methoxyl 
and acetyl groups is certain : that of carboxyl, keto- or aldohydic groups more 
doubtful. It cannot be said with certainty whether lignin contains an aromatic 
nucleus, or whether it is purely aliphatic in structure. 


F. NITROGEN-CONTAINING POLYSACCHARIDES 

Chitin, which forms the principal constituent of the shells of 
crabs, lobsters and other Crustacea, is a representative of these com- 
pounds. According to Krawkow (Z. Biol. 29, 177) chitin in the shell 
is combined with protein and occurs in various modifications. The 
nitrogen in chitin occurs in the form of a partially acetylated chito- 
samine (d-glucosamine) (q,v,) and on hydrolysis of chitin with hydro- 
chloric acid, d-glucosamine and acetic acid are formed (Le.dderhose, 
Z. physiol. Chem. 2, 224) : 

CisHsoNgOia + 4H2O = + 3CH3CO2H. 

Chitin. Chitosamine. Acetic acid. 

Chitin is insoluble in water or in Schweitzer’s reagent. It has 
optical rotatory power of — 14*1, rising to + 56. Heating with 
alkali produces chitosan, whose hydrochloride has been obtained 
crystalline. The action of nitrous acid produces chitose, CgHioOg, 
which is probably a 2 : 5-anhydromannose (C. 1921, 1. 614 : see p. 699). 
Chitin is very resistant to enzymes. 

Constitution . — The linking of the acetylated glucosamine residues 
is effected through the nitrogen atoms. Karrer and Smirnoff (Helv. 
Chim. Acta. 5, 832) obtained by distillation with zinc dust chito- 
pyrrole, which they identified as 2-methyl- l-n-hexylpyrrole. This 
mode of linkage represents chitin as intermediate between the proteins 

* W. Fuchs, Die Chemie des Lignins, Berlin, 1926, Springer. 

3b 
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and carbohydrates. The transformation of a chitin fragment into 
chitopyrrole is represented as follows (acetyl groups omitted) : 


Hv 


HOC 


C“ OH 

N HC CH[CH0H],CH20H 


HC. 





OH NH 


CH, 


CH=(\ 

>N • [CH^Js-CH* 
CH = CH/ 


= Linkage of next glucosamine residue. 


The skeletal substance of fungi is probably identical with chitin, 
and the my cosin obtained from it by the action of alkali identical 
with chitosan (Ber. 28 , 821 : R. 476 : C. 1908, II. 2016). 

Lycoperdin, which on hydrolysis yields 2 mols. of glucosamine 
and 1 mol. formic acid, belongs to the same class. 

Chondroitinsulphuric acid is a compound obtained from cartilage 
and mucins. On complete hydrolysis, it yields, through a series of 
intermediate compounds (chondroitin, chondrosin), the following 
components : 2 mols. glucosamine, 2 mols. glycuronic acid, 2 mols. 
acetic acid, 1 mol. hexose and 2 mols. acetic acid. One acetyl group 
is definitely attached to nitrogen. For the mode of linkage of the 
various components, see Levene (C. 1915, I. 1127) and Schmiedeberg 
(C. 1920, III. 636). 

Mucoidinsulphuric acid, see C. 1919, I. 473. 

Pneumococcus Polysaccharides. — Another important nitrogen- 
containing polysaccharide is that obtained from Type I pneMmococcus, 
which contains C 43-3%, H 5-8%, N 5-0%, amino-N 2-5% and has 
[a]D + 300°. It yields galacturonic acid and an amino-sugar on 
hydrolysis. Types II and III pneumococci also yield polysaccharides, 
but these are nitrogen-free. These compounds have been chiefly in- 
vestigated by Heidelberger, Avery and co-workers (see Chem. Reviews, 
1927, 3, 403, and various papers in J. Experimental Med. and J. 
Biol. Chem.). 



SUBSTANCES OF PHYSIOLOGICAL 
IMPORTANCE OF PARTIALLY KNOWN 
CONSTITUTION 

A number of substances will be briefly dealt with here, which 
from their nature belong to the borderland between Organic and 
Physiological Chemistry, and which have already been frequently 
referred to in the systematic parts of this book. Among them may 
be mentioned the proteins, the nucleic acids, the sterols, the bile acids, 
the enzymes, etc. 


Proteins 

Literature : — E. Fischer^ Untersuchungen iiber Aminosauren, Polypeptide und 
Proteine, 1906 (Springer) : Hammarsten, Lehrbuch der Physiologischen Chemie, 
9. Aufl. 1922 : Jordan Lloyd, Chemistry of Proteins, London, 1926 : C. Oppen- 
heimer, Der gegenwartige Stand der Eiweissforschung, Therapie der Gegenwart, 
1926, 67, 27 ; Af. Bergmann, Allgemeine Struktnrchemie der koinplexen Kohlen- 
hydrate und der Proteine (Ber. 69, 2973) : E, Waldschmidi-Leitz, Zur Struktur 
der Proteine (Ber. 59, 3000) : O. KeHtncr, Chemie der EiweisskOrper, 4. Aufl. 
1925 : S. Edlbacher, Die Strukturcliernie der Aminosauren und Eiweiss kOrper, 
Leipzig, 1926. 


The proteins form an important component of every hving cell. 
The complete synthesis of a protein from CO 2 , HgO, NH 3 , HNO 3 and 
H 2 SO 4 is confined to vegetable cells : the animal organism is capable 
of a partial synthesis from amino-acids. 

The general composition of the different proteins varies within 
definite limits (J. pr. Chem. [2] 44, 345). 


C 

H 

N 

O 

S 

Ash 


50-55% 

6*9-7-3% 

15-190/0 

19-240/0 

0-3-2-4o/o 

A trace 


Colour Reactions. — ^The proteins give characteristic colour re- 
actions, by which they can be recognized. These colour reactions 
are not, however, confined to the proteins, but are also given by some 
of their constituent amino-acids. 

Miltons Reaction , — ^When warmed with a mercuric nitrate solution 
containing a trace of nitrous acid all proteins give a red colour, similarly 
to t 3 n’osine. 

Xanthoproteic Reaction . — ^When warmed with nitric acid a yellow 
colour is produced, which ammonia converts into golden-yellow. 

Biuret Reaction . — Protein solutions give with copper sulphate and 
potassium hydroxide red to violet colorations. This reaction is not, 
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however, specific for proteins, but is given by various other com- 
pounds (Ber. 29, 1354). 

Ninhydrin Reaction. — Proteins give a blue colour when treated 
with triketohydrindene hydrate. 

Other Colour Reactions. — When heated with fuming hydrochloric 
acid proteins give beautiful violet colours. When treated with a 
sugar solution and concentrated sulphuric acid, a red colour is pro- 
duced which darkens on exposure to air. If the solution of a protein 
in glacial acetic acid is treated with concentrated sulphuric acid, a 
violet solution is produced which shows characteristic absorption bands. 

Solubility. — The proteins in general are insoluble in water and 
owe their solubility in the fluids of the living organisms to the presence 
of salts and partly to other unknown substances. They are insoluble 
in alcohol and ether. Many proteins have been obtained crystalline : 
egg albumin, for example, is precipitated in the crystalline form from 
its solution by the action of ammonium sulphate (Z. physiol. Chem. 
130, 72) : the crystalline structure of silk protein can be demon- 
strated by Debye’s X-ray spectrographic method (Ber. 53, 2162 : 
Z. physiol. Chem. 141, 158). 

Precipitation Reactions. — Proteins are precipitated from their 
aqueous solution by alcohol. In general, a change in the state of the 
protein occurs in this process, and it loses its solubility in water 
(denaturation). 

Similarly, proteins can be precipitated from their aqueous solutions 
by the action of metallic salts, this depending upon the formation of 
molecular compounds between the salt and constituents of the protein. 
Two types of salt precipitation are to be distinguished : 

(a) Reversible 'preci'pitation^ i.e. where the solubility of the protein 
in water is retained, by sodium sulphate, magnesium sulphate and 
ammonium sulphate. 

(b) Irreversible precipitation y particularly produced by the salts of 
heavy metals. 

Finally, acids precipitate proteins, with simultaneous denatura- 
tion. Mineral acids, particularly nitric acid, have this property, as 
have also certain complex inorganic acids such as phosphotungstic 
acid, phosphomolybdic acid, potassium mercuri- and bismuthi-iodides, 
acetic acid with tannic or picric acids, trichloroacetic acid, salicyl- 
sulphonic acid, taurocholic acid, nucleic acid and chondroitinsulphuric 
acid, or acetic acid and potassium ferrocyanide. 

The precipitation of proteins is also brought about by heat coagu- 
lation. 

Proteins are typical amphoteric compounds, ^.e., they are capable 
of forming both cations and anions in aqueous solution. The hydro- 
gen ion concentration where equal amounts of protein are ionized as 
cation and anion is designated the isoelectric point. The isoelectric 
point is given by the equation 

where ka and && are the acid and basic dissociation constants of the 
protein and ku, the dissociation constant of water. 

The isoelectric point, which is an individual characteristic of a 
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protein, can be determined by various physicochemical methods. 
At it 

(а) the viscosity of a protein solution is a minimum ; 

(б) the migration of protein ions in an electric field ceases ; 

(c) the swelling of the protein is minimal ; 

(d) the precipitability by alcohol is maximal. 

Altered Proteins. — Acid albumin and alkali albuminate are 
products, comparatively little investigated, formed from proteins by 
the gentle action of acids or alkalis. They are only slightly altered 
proteins. Acid albumins are soluble in dilute acids. Alkali albu- 
minates are strong acids, reacting with calcium carbonate with pro- 
duction of CO 2- 

Degradation of Proteins. — (1) By the oxidation of proteins 
volatile fatty acids, aldehydes, ketones, nitriles, hydrocyanic acid 
and benzoic acid have been obtained. Gentle oxidation with hypo- 
bromite at 0° appears to be of value in constitutional investigations 
(Ber. 58, 1346). 

(2) Hydrolysis — This method of protein degradation, which takes 
place by the addition of the elements of water, is brought about by 
heating with dilute mineral acids or by the action of proteolytic 
enzymes such as pepsin, trypsin, erepsin, papain, etc. {q^v.). The 
degradation ])roceeds through a series of intermediate substances 
(peptones, polypeptides and dipeptides) eventually to complete break- 
down to amino -acids. With purified enzymes and under very definite 
conditions with mineral acids (Z. physiol. Chem. 129, 106) it is possible 
to isolate definite intermediate products (Ber. 40, 3544 : Z. physiol. 
Chem, 156, 68) which are of the greatest importance in the deter- 
mination of protein constitution. 

The separation of the mixture of amino- acids obtained by one 
or other of the above methods is carried out by Fischer’s ester method, 
where the amino-acids are esterified and the esters fractionated in 
vacuo, or by Dakin’s more recent method (Biochem. J. 12, 290 : 
13, 398 : J. Biol. Chem. 44, 499). In this method the monoamino- 
acids and some peptide anhydrides are extracted from the aqueous 
hydrolysate by a suitable partially miscible solvent, such as butyl 
alcohol : the diamino-acids and dicarboxylic acids remain behind 
and can then be separated. The so-called hexone bases, arginine, 
lysine and histidine, can be precipitated together by phosphotungstic 
acid. 

Products of Protein Hydrolysis. 

The amino-acids obtained by complete hydrolysis of proteins are 
collected in the following table : 

(o) Monoamino-monocarboxyUc Acids. 

Glycine, NHj CHj COOH. Hippuric acid, CeHjCO NH CHj COOH (Vol. II). 
Alanine, CH 3 -CH(NHj)'COOH. 

Valine, (CH 3 )jCH-CH(NH 3 )-COOH. 

Leucine, (CH 3 ) 3 CH ■CH 3 -CH(NH 3 )-COOH. 
isoLeucine, CjH 3 -CH(CH 3 ) •CH(NH 3 )-COOH. 

Phenylalanine, C,H 3 CH 3 -CH(NH 3 )-COOH (Vol. II). 

Tyrosine, HO C,H 4 -CH 3 CH(NHj) COOH (Vol. II). 

Tryptophan, ”)• 
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(6) Monoamino’dicarhoxylic Acids 

Aspartic acid, HOCO CH{NHj,) CHj-COOH. 

Glutamic acid, HOCO CH(NH 8 ) CH 2 -OH 2 COOH. 
Hydroxyglutamic acid, HOCO CH(NH 2 ) CH(OH) CH 2 COOH. 


(c) Hydroxyamhvo- y Thioamitw-y Diamiiio- and Imino-Acids 


Serine, HOCHa CH(NHj) COOH (p. 595). 

Cvstine, [•S CH,*CH(NH 2 )*C 00 H]^ (p. 597). 

Methionine, CH 3 -S-CH 2 -CH 2 CH(NH 2 ) COOH (p. 597). 

Ornithine, NH, CH 2 CH 2 CH 2 CH(NH 2 ) COOH : also arginine, NHaC( : NH)- 
NH CH. CH 3 CH 3 CH(NH 2 )C 00 H, and ornithuric acid, CeH^CO-NH-CHa-- 
CH 2 CHVcH(NH 2 ) COOH (p. 598). 

Lysine, NH 2 CH 2;^2 CI^CH 2 CH(NH 2 )-COOH (p. 598). 

Proline, NH CH 2 CH 2 CH 2 CH COOH ( p. 598). 


Hydroxyproline, NH CH 2 CH 2 CH(OH)-CH-COOH (p. 652). 
yNH’CH 

Histidine, CH/ 1| (Vol. III). 

^N— CCH2CH(NH2)C00H 


All these compounrls are not contained in every protein and their relative 
quantities in the various proteins fluctuate within very wide limits : in addition, 
the hydrolysis products are not recovered quantitatively by any hydrolysis 
method (p. 741). The results of the hydrolysis of gelatin are demonstrated in 
the following table (Dakin, J. Biol. Chem. 44 , 499) i 


Glycine 

• 25-5% 

Alanine 

• 

Leucine 

• 7-1% 

Serine 

. 0-4% 

Phenylalanine 

• 1-4% 

Tyrosine 

. 0 - 01 % 

Proline 

. 9-5% 


Hydroxyproline . . . 14*1% 

Aspartic, acid . . . 3-4% 

Glutamic acid . . . 5'8% 

Histidine . . . . 0*9% 

Arginine . . . . 8*2% 

Lysine . . . .5-4% 

NH 3 0-4% 


(3) Putrefaction. — From the products of putrefaction of proteins 
caused by micro-organisms, bacteria, etc., can be isolated the fatty 
acids up to caproic acid, pheiiylacetic acid, CgHg-CHg-COOH (Vol. II), 
phenol, C0H5OH (Vol. II), and indolepropionic acid, indoleacetic acid, 
skatole (2-methylindole), indole, compounds which are formed from 
tryptophan in a similar manner to the formation of the previously 
mentioned acids from phenylalanine and tyrosine. (Formulae above : 
see also Ber. 37, 1801 : 40, 3029.) In addition, various basic com- 
pounds, principally aliphatic diamines and imines, are formed, and 
are often referred to as ptomains. 

Certain pathogenic micro-organisms such as the diphtheria bacillus, bring 
about a less far-reaching decomposition with the formation of poisonous protein- 
or peptone-like compounds, known as toxins or toxalbumins. These lose their 
toxicity when solutions of them are heated (Ber. 23, R. 261). 

Constitution of Proteins. — In spite of much research the con- 
stitution of the proteins has not yet been solved. 

Molecular weight determinations are surrounded with many diffi- 
culties, and the molecular weights of the simple proteins calculated 
indirectly from their sulphur contents, or of the conjugated proteins 
from their iron contents, afford values which do not agree satisfactorily 
with the determinations by the freezing-point method. Proteins 
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obviously have very large molecules, as demonstrated by the great 
number of amino-acids which can be obtained by their hydrolysis.* 

The mode of linkage of the nitrogen is of great importance in the 
consideration of protein structure. By nitrous acid o^y some 4-5% 
of the nitrogen is liberated (Van Slyke’s method, Ber. 43, 3170) : 
this is the nitrogen present in the form of free amino groups. The 
free NHg-groups of the amino-acids, the end products of protein 
hydrolysis, are therefore not preformed in the natural protein, but 
are set free during the hydrolysis. The greater part of the protein 
nitrogen must be linked as secondary and tertiary nitrogen atoms. 
Emil Fischer has put forward the idea that the amino -acids are linked 
together in an acid -amide-like so-called peptide manner : i.e. : 

— CO— NH— or — C(OH)=:N— . 

The confirmation of this view is given by the isolation of di- and 
polypeptides by gentle protein hydrolysis (p. 741) and by the splitting 
of synthetic peptides by proteases. 

The existence of this type of linkage in di-, tri- and polypeptides 
as the sole mode of linkage is substantiated by the use of the purified 
enzyme erepsin, an enzyme which attacks exclusively this type of 
linkage, even in a solution of a dipeptide (Ber. 61, 300). With the 
transition of the dipeptides, via the polypeptides and the ill-defined 
peptones to natural proteins, another type of constitution, whose 
nature at present is unknown, makes its appearance. Neither proteins 
nor peptones are attacked by erepsin, which would be expected if a 
peptide-link was the sole basis for the building up of proteins. Con- 
trariwise, no dipeptide is split by trypsin (Naturwissenschaften, 
14, 131). 

Various views have been put forward as to the nature of this other mode of 
linkage. In particular, the existence of cyclic linkages has been advocated, a 
view which receives support in the isolation from proteins of various hetero- 
cyclic ring compounds. Among these are : diketopiperazines {AbderhaldeUy 
Z. physiol. Chem. 139, 182 : Naturwissenschaften, 12, 716) : oxazinea {Berg- 
manriy Z. physiol. Chem. 140, 128 : Naturwissenschaften, 12, 1155) : pyrazines, 
(KarreVy Helv. Chim. Acta. 6, 1 108) : hydroxy pyrroles [Troensgaard, Z. physiol. 
Chem. 112, 86 : 127, 137 : 133, 116). Nevertheless, these types of compound 
do not seem to be of great importance in the structure of natural protein, on the 
one hand because they are formed under conditions which fairly certainly permit 
of atomic migrations with secondary ring closure (c/. Ber. 56, 1887), and on the 
other hand because none of these cyclic types are hydrolysed by purified proteases. 
It would therefore appear that, at any rate among the proteins readily attacked 
by enzymes, that this type of ring-linkage cannot play an important part. 

The conception introduced by analogy from the chemistry of starch and 
cellulose, that protein is built up of comparatively simple molecules joined by 
subsidiary valencies to form the great protein molecule, has also not received 
universal recognition, although there is experimental support for this conception 
in the X-ray structure of silk protein (Ber. 53, 2162) and in the tendency of simple 


* The molecular weight of haemoglobin has been found to be about 68,000 
by three entirely different methods, osmotic pressure {Adair y Proc. Roy. Soc. 
[B] 98, 523), sedimentation rate of haemoglobin in a high-speed centrifuge {Sved- 
berg, Z. physik. Chem. 1927, 127, 51 ; Nature, 1929, 123, 871) and diffusion 
coefficient of carbon-monoxide-haemoglobin {Northrop and Ansony J. Gen. 
Physiol. 1929, 12, 543). Certain other chromoproteins appear to have even 
higher molecular weights. 
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cyclic models to association (Ann. 445, 17). The conception of associated basal 
compounds in the protein molecule, however, receives no support in the more 
recent results of enzyme action, using improved analytical and preparative 
methods (Z. physiol. Chem. 156, 80). 

Enzyme research is, however, shedding some light on the nature of this linkage. 
As already mentioned, the problems of protein constitution and of the cause of 
the extraordinary specificity of the proteases are closely related. More recent 
results with di-, tri- and polypeptides (Ber. 60, 1906 : 61, 299) show that the 
specific activity of the individual proteases (erepsin, trypsin, trypsin -kinase) is 
not so much to be referred to the attack by each enzyme of a specific linking in 
the protein molecule as that “ the specificity of pancreatic trypsin and intestinal 
erepsin are conditioned by the nature of the amino -acid components as well as 
by the length of the peptide chain ” (W aldschmidULcitZy Ber. 61, 300). 

Fractional enzymatic hydrolysis with pure enzyme preparations and the 
identification of the intermediate products should yield the clue to a clear con- 
ception of the structure of proteins. 

Physiology of Proteins. — ^The proteins ingested with food are 
hydrolysed by the united attack of trypsin, trypsin-kinase and erepsin 
though the intermediate stages of peptones and polypeptides to their 
constituent amino-acids. These are absorbed through the intestinal 
wall. In the tissues the reverse process takes place with the forma- 
tion of various body proteins : these are being continuously broken 
down and renewed. 

If an excess of protein is administered, the animal organism 
possesses no ability, as in the case of carbohydrates, to store it as 
such, but the protein is deaminated and subsequently stored as fat 
or carbohydrate. 

The breakdown of protein in the body commences with an intra- 
cellular enzymatic breakdown to amino-acids, which after deamination 
are oxidized to carbon dioxide and water. The ammonia produced 
by deamination is rendered innocuous in the liver by being condensed 
with carbonic acid to form urea, which is excreted by the kidneys. 


Classificalion of Proteins 

The structure of the proteins is too imperfectly known to permit 
of a S3’^stematic classification. The proteins are subdivided largely 
by characteristics such as their solubility in water, precipitability, etc. 


A. Simple Proteins 

1. Protamines. — These are the simplest proteins, and were discovered by 
Miescher, and largely investigated by Kossel. They are composed of very few 
amino-acids and occur exclusively in the spermatozoa of certain fish. A charac- 
teristic of this class is the high content of arginine : ealmin from the salmon and 
clupein from the herring are typical examples. The protamines are not attacked 
by pepsin, but are hydrolysed by trypsin or erepsin. Pfiurtial enzjunatic hydro- 
lysis of clupein, see Z. physiol. Chem. 156, 68. By gentle ticid hydrolysis are 
obtained the protones which stand to them in the same relationship as the pep- 
tones to the higher proteins. 

2. Histones. — The best-known histone is that of the thymus gland (Prepara- 
tion, Z. physiol. Chem. 157, 81). It occurs in the gland combined with nucleic 
acid as nucltohistone. It is soluble in water and is precipitated from aqueous 
solution by alcohol. Histone is digested by pepsin -hydrochloric acid : from the 
products of hydrolysis a histopeptone can be isolated (Z. physiol. Chem. 49, 
301; 119,66; 120,94). 
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3. Albumins are soluble in water, in dilute acids and alkalis 
and in dilute or saturated neutral solutions of sodium chloride or 
magnesium sulphate. In the presence of acetic acid, albumins are 
completely precipitated by saturation with sodium chloride or mag- 
nesium or ammonium sulphate. When heated with sodium hydroxide, 
albumin yields a solution of the sodium salts of protalbinic acid, 
insoluble in water, and lysalbinic acid, soluble in water (Ber. 35, 2195). 
Albumins, in presence of neutral salts, are coagulated by heat. Serum- 
albumin and lactalbumin are examples of the class : there are also 
many vegetable albumins. 

4. Globulins are insoluble in water but soluble in dilute acids 
or alkalis, or dilute solutions of sodium chloride or magnesium sulphate. 
These solutions are coagulated by heat, but the globulin is precipitated 
without change, by saturation with ammonium or magnesium sulphate 
at 30°. Myosin and musculin (from muscles), fibrinogen^ in blood 
plasma, which is converted by fibrin ferment into fibrin ; serum globulin 
and vitellin are representatives. Certain globulins, which occur in 
vegetable seeds, such as edestin, which forms crystaUine calcium and 
magnesium salts, have been investigated thoroughly. Other vegetable 
globulins include the leguminSj phaseolin from beans, conglutin from 
lupins, etc. 


5. Prolamins. {Alcohol-soluble proteins,) These are characterized by their 
physical properties. In a moist condition they consist of tough, doughy elastic 
masses. They occmr in various grains, and are important factors in bread- 
making. Prolamins (glutens) are insoluble in distilled water, but are soluble in 
water containing a verj’’ little acid or alkali. A chargicteristic of the prolamins 
is their solubility in alcohol (60-70%). 

Certain prolamins yield on hydrolysis large amounts of glutamic acid, but are 
deficient in the necessary amino-acids, lysine, cystine, tryptophan, in conse- 
quence of which they are incomplete arS a source of protein. Oliadin from wheat, 
hordenin from barley, zein from maize are examples. The following aunino -acids 
were obtained from zein (Z. physiol. Chem. 130 , 159) : 


Alanine 

. 3-8% 

Leucine 

. 25-0% 

Phenylalanine 

. 7-6% 

Proline 

. 8-9% 


Glutamic 6w;id . . . 31-3% 

Aspartic acid 1*8% 

j3-Hydroxyglutamic acid . 2-5% 

Cystine and tryptophan absent. 


B. Scleroproteins. (Derived from the intercellular substances) 

Certain nitrogenous substances, which form the greater part of the inter- 
cellular substance, and which when heated with water yield glue (gelatin), are 
referred to as collagen. 

Gelatin swells in cold water, dissolves on heating to a viscous liquid, which 
on recooling solidifies to a gel. When heated with a little nitric acid, or by the 
€iction of strong acetic acid, the solution loses the property of gel-formation. 

Gelatin has approximately the same elementary composition as the proteins, 
but is poorer in sulphur. A gelatin solution is Isevorotatory. Gelatin solutions 
are precipitated by acetic acid and sodium chloride, or potassium ferrocyanide, 
the precipitate being soluble in excess of the latter : they are also precipitated 
by mercuric chloride and sodium chloride or hydrochloric acid, by metaphos- 
phoric acid or phosphotungstic acid and hydrochloric acid, by potassium mercuric 
iodide and hydrochloric acid, or by saturation with ammonium sulphate. 

Tannic acid precipitates a gelatin tannate from aqueous solution as a tough 
yellow precipitate. The gelatin-yielding substances (collagen) react similarly with 
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tannic acid, and form leather. Gelatin solution give Millon’s reaction and the 
biuret reaction : they give a weak xanthoproteic reaction. 

AVhen dry-distilled, gelatin yields pyrrole- and pyridine -bases {bone oil). 
Oxidation with permanganate yields oxamide (also obtained from other pro- 
teins) and guanidine (from arginine) (Ber. 38, 455). By oxidation with acid 
hydrogen peroxide, acetone and i^ovaleraldehyde (probably derived from leucine) 
are obtained (C. 1902, II. 340). 

Gelatin yields when hydrolysed with concentrated hydrochloric acid the same 
products as other proteins — glycine (about 16*5%), leucine, proline, hydroxy- 
proline, serine, aspartic acid, glutamic acid, alanine, phenylalanine, arginine, 
etc. (E. Fischer, loc. cit.)^ but tyrosine and tryptophan are not obtained, and on 
putrefaction no phenol, indole or skatole are formed. 

On more gentle treatment wdth hydrochloric acid there is formed the alcohol- 
soluble hydrochloride of gelatin -peptone. The behaviour of gelatin -peptone 
towards nitrous acid is indicative of the presence of primary and secondary, as 
well as tertiary, amino groups (Ber. 29, 1084). Trjrptic digestion of gelatin yields 
the diketopiperazine, prolylglycine anhydride (c/. Ber. 40, 3544). 

Although gelatin resembles in its general composition true protein, it is not 
capable of functioning as protein in animal metabolism, ascertain essential amino- 
acids such as cystine and tryptophan are lacking. 

By the accumulation of various special substances such as Ca and Mg or fat 
in collagen-containing tissues are formed bone, fatty tissue, cartilage, etc. 

Elastin^ w'hich is distinguished from the true proteins by its low sulphur 
content, and which yields on hydrolysis glycine (25-75%), leucine (21-38%), 
alanine, phenylalanine, valune, proline and glutamic acid (C. 1904, I. 1364), 
belongs to this class, as does keratin^ which forms the principal constituent of 
hair, nails, etc., and is distinguished by its high sulphur content (0*7-5%) (Ber. 
28, R. 561). Keratin yields much the same hydrolysis products as the proteins, 
including leucine, tyrosine, cystine, and serine (Ber. 35, 2660). Elastin and 
keratin are more difficultly soluble and decomposed with greater difficulty than 
the genuine proteins. Elastin is attacked by pepsin and trypsin, while keratin 
is not. Various dipeptides such as d-alanyl-^leucine, glycylvalino anhydride, 
d-alanylproline anhydride, are obtained by partial hydrolysis of elastin (Ber. 
40, 3544). 

Fibroin^ the principal constituent of silk, is allied to those substances. Silk 
also contains silk gelatin or sericin^ which yields serine as its most important 
hydrolysis product. Fibroin is converted into a peptone-like compound when 
its solution in cold concentrated hydrochloric acid is allowed to stand, and from 
this peptone, trypsin liberates tyrosine. From the residue, which still resembles 
peptone, acids or alkalis produce glycine and alanine or glycylalanine (Chem. 
Ztg. 1902, 940). A tetrapeptide of glycine, alanine and tyrosine has been 
isolated by partial hydrolysis of silk fibroin (Bor. 40, 3552). 


C. Conjugated Proteins 

The conjugated proteins are more complex in their composition. 
By gentle acid hydrolysis they are split into a simple protein and a 
so-called prosthetic group, the latter including phosphoric acid, carbo- 
hydrate, nucleic acid or a coloured prosthetic group. 

/. Glucoproteins 

These yield on heating with mineral aeids a protein and a sugar or amino- 
sugar. Eichwald, Ann. 134 : Hofmeister, Z. physiol. Chom. 24, 169: MiUler and 
tSeemann, Deutsche med. Wochenschrift, 1899, No. 13 : Seeman, Arch, fiir 
Verdauungskrankheiten, IV, (1898). 

Different types of glucoproteins include : 

1 . The true glucoproteins which are closely related to the true carbohydrate- 
free proteins. Ovalbumin in birds’ eggs {Hofmeister, Z. physiol. Chem. 24, 169) 
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iH an example : it can be obtained crystalline, but of its uniformity there is 
doubt, and it probably contains mucoids {q.v.). 

2. The mucins contain less carbon and nitrogen and more oxygen than the 
true glucoproteins, probably through a greater content of carbohydrate. They 
do not coagulate on heating in neutral or faintly alkaline solutions, and are not 
precipitated by acetic acid and potassium ferrocyanide and sodium chloride : 
they are thrown out of solution by excess of acetic acid. They form viscous, 
stringy solutions. 

3. The chondroproteins are compounds of protein or gelatin with chondroitin- 
sulphuric acid {q.v.). 

4. The mucoids {mucinogensy hyalogens) include a large number of little - 
investigated glucoproteins, e.g. ovomucoid^ the pseudomucin of ovarian cysts, etc. 


II. Phosphoproteins 

These are proteins in which phosphoric acid is chemically linked. 

1. Simple Phosphoproteins. — Decomposed on heating with 
mineral acids into protein and phosphoric acid : insoluble in water, 
soluble in alkalis. Similar phosphoproteins can be obtained artificially 
from metaphosphoric acid and proteins (Pfiiiger's Arch. 47, 155 : 
Ber. 21, 598). 

Caseinogen (German, Casein), the most important protein con- 
stituent of milk, is a representative of this group. In its composition 
it resembles other proteins, but contains 0-85 phosphorus. It is 
contained in milk as a salt, and is precipitated by dilute acids as it 
is insoluble in water. It can be purified by dissolving in alkali and 
reprecipitating with acid. It can also be purified by the use of solid 
sodium chloride or magnesium sulphate, which precipitate it un- 
altered from solution. Among the hydrolysis products of caseinogen 
glycine is lacking, but tryptophan and tyrosine are abundant. Under 
special conditions, Fischer claims to have isolated a diaminotrihy- 
droxydodecoic acid, 

A solution of the alkali or calcium salt of caseinogen is not coagu- 
lated by heat. A calcium-free solution of caseinogen is not coagulated 
by rennet, but the addition of a calcium salt brings about coagulation, 
even if the rennin has been inactivated by heat. Rennin probably 
acts by splitting caseinogen into various proteins, including casein 
(German, Paracasein) which in the presence of calcium separates as 
a complex calcium salt (cheese manufacture). 

2. Nucleoproteins, or nucleins, are appreciably more complex substances. 
Acid hydrolysis breaks them down into protein and so-called nucleic acid, which 
on more energetic hydrolysis can be broken down into phosphoric acid, carbo- 
hydrate and purine or pyrimidine bases. 

< Protein 

Phosphoric acid 

Nucleic aoid^ — ►Carbohydrate 

Purine or pyrimidine base. 

The purine bases which occur are guanine and adenine : the pyrimidine 
bases, uracil, cytosine, thymme {qq^v.). 

The nucleoproteins are the proteins of the cell nuclei and are obtained from 
tissues rich in nuclear material. They are obtained from spermatozoa, thymus 
gland, yeeu 3 t, blood cells, etc. They weak acids, and soluble, therefore, in 
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alkalis, on which property their isolation is based. The proteins obtained by 
their hydrolysis are imperfectly investigated. 

Nucleic Acids. — Preparation from fish spermatozoa, Z. physiol. Chem. 25, 
430 : from thymus, Ber. 27, 2215 : from yeast, Z. physiol. Chem. 2, 487 : from 
wheat embryo, Z. physiol. Chem. 36, 85. 

The products of partial hydrolysis of the nucleic acids are of importance 
in the study of their constitution {Levene, Thannhauser). On the one hand, purine 
or pyrimidine -carbohydrate compoimds, the nucleosides, are obtained, e.g. 
adenosine, gU£inosine, cjdiidine, uridine (Ber. 41, 27 : 42, 43), and on the other 
hand, sugar-phosphoric esters, e.g. d-ribosephosphoric acid. From those products 
it is concluded that in the nucleic acids the sugar -phosphoric acid is linked in a 
glucosidic manner with the pyrimidine or purine base (in the latter, usually 
through iV^-atom 7, see purine, p. 637). Nucleosides have been obtained syn- 
thetically bv the action of acetobromohexoses on purines or pyrimidines (Ber. 47, 
210, 1058,^1390, 1304). 


III. Chromoproteins. {Hcemoglohins) 

These conjugated proteins contain as their prosthetic group a 
coloured compound. The compounds of haBmochromogen with globins, 
the so-called haemoglobins, are of particular importance. 

Oxy haemoglobin occurs in the red blood corpuscles and can bo 
obtain^ crystalline from an aqueous solution of red blood cells, after 
the removal of cholesterol and lecithin by ether extraction, by cooling 
the solution after the addition of alcohol. The oxyhaemoglobins 
obtained from different animal species show differences, particularly 
in their crystalline form. The composition of oxyhaemoglobin differs 
from that of other proteins by the presence of 0*4% iron. If the 
molecular weight of haBmoglobin is calculated on the assumption that 
there is one atom of iron in the molecule, a value exceed^ 13,000 
is obtained (see also footnote, p. 743). The haemoglobins form bright 
red crystalline powders, which are easily soluble in water and are 
reprecipitated in a crystalline form by the addition of alcohol. By 
evacuation of an aqueous solution of oxyhaemoglobin, or by the use 
of reducing agents (ammonium sulphide) oxygen is lost, and hcemo- 
ghbin (rcduc^ haemoglobin) form^ ; the latter occurs in venous 
blood and can be obtained crystalline (Ber. 19, 128). An aqueous 
solution of haemoglobin rapidly takes up oxygen from the air and is 
reconverted into oxyhaemoglobin. Both compounds show in aqueous 
solution characteristic absorption spectra, by which they can readily 
be differentiated. (Preparation of crystalline oxyhaemoglobin from 
horse blood, and its conversion into haemoglobin, see Z. physiol. 
Chem. 136, 147.) 

If carbon monoxide is passed into a solution of oxyhaemoglobin 
oxygen is displaced with the formation of curhon^monoxide-hcemoglobin, 
which can be obtained in large bluish crystals. This explains the 
toxicity of carbon monoxide. The solution of carbon-monoxide- 
haemoglobin shows, like oxyhaemoglobin, two absorption bands be- 
tween the Fraunhofer lines D and E, but unlike those of oxyhaemo- 
globin, they do not disappear on addition of ammonium sulphide. 

Reduced haemoglobin exhibits but one absorption band between 
D and E. Other gases, such as nitric oxide and hydrogen cyanide, 
are absorbed by haemoglobin in equivalent amounts. 
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By the action of certain salts, such as nitrites, chlorates, per- 
manganates, or of certain organic compounds, in particular of aniline, 
phenylhydroxylamine and quinone, oxy haemoglobin is changed into 
methaemoglobin, which is differentiated from haemoglobin by its 
absorption spectrum, and by the more stable combination with oxygen. 
Powerful reducing agents convert methaemoglobin into reduced 
haemoglobin. 

For the conversion of haemoglobin into bile-pigments, see bili- 
rubin, p. 753. 

When warmed to 70° or by the action of acids or alkalis, oxy- 
haemoglobin is broken down into the protein glohin and the pigment 
hcBmochromogen* A different globin is obtained from each animal 
species : hydrolysis of globin, see Fischer, op. cit., pp. 695, 740. 
Haemochromogen contains 9% iron and is converted by oxygen into 
haematin. 

If oxyhaemoglobin (or dried blood) is warmed with a drop of 
glacial acetic acid and a little sodium chloride, microscopic red-brown 
crystals of hcemin, or hcemutin chloride, C84H3oN404FeCl {Teichmann's 
crystals), are produced (Ber. 29, 2877 : 40, 2021 : Ann. 358, 213). 
By the action of alkali they yield hcematin, C 3 4 H 3 oN 404 FeOH. This 
reaction is used forensically as a delicate test for blood. 

Haemin. — On account of its ready crystallizability, haemin has 
been thoroughly investigated. It contains four pyrrole nuclei. Only 
the more important aspects of the chemistry of blood pigments will 
be referred to here. Further information be found in Vol. Ill 
at the end of the pyrrole compounds. Further references. Aider- 
halden, Handbuch der biolog. Arbeitsmethoden, Abt. 1. Teil. 8, 
Heft 2 : H, Fischer, Oppenheimer’s Handbuch der Biochemie, 2. Aufl. 
Bd. I, 351 : Ber. 60, 2611 : also the publications of Willstdtter, Kiister, 
Piloiy, etc. 

* According to recent work, haemochromogen is not a protein-free pigment, 
but contains a pigment conjugated with denatured globin : the protein -free 
pigment is called hcem. Many other substances, such as pyridine, are capable of 
combining with ha 3 m to form haemochromogens. The relationships between 
some of the derivatives of haemoglobin according to this scheme are given in 
the diagram below. (See Anson and Mirsky, J. physiol. 1925, 60 , 50, 161, 221 : 
J. Gen. Physiol. 1929, 13 , 121, 133, 469, 477 ; Barcroft, Lecture, J.C.S. 1926 , 
1146). 
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HfiBmin is a dibasic acid, insoluble in indifferent organic solvents, soluble 
in alkalis, but insoluble in bicarbonate solutions. It forms a dimethyl ester 
and contains two unsaturated side chains, which can add on hydrogen or 
bromine. 

Degrcuiation of Harnin. — 1. Oxidation leads to the formation of hcematinic 
acid (Synthesis), Ber. 47 , 582 : see also p. 648). 

CH.C— COv 

II >NH 

HOCOCHjCHjC— CO/ 

Hsematinic acid is formed from the two pyrrole nuclei bearing carboxylic groups ; 
the two bearing side chains are destroyed. 

2. Energetic reduction, by hydrogen iodide and acetic acid, leads to a mixture 
of pyrroles and pyrrole carboxylic acids. The following have been obtained : 
(a) Basic products, Hcemopyrrole, 2 : 3 -dimethyl -4 -ethylpyrrole, cryptopyrrole, 
2 : 4-dLmethyl-3-ethylpyrrole, phyllopyrrole,2 : 3 : 5 -trimethyl -4 -ethylpyrrole, and 
opsopyrrole, 3-methyl-4-ethylpyrrole. (b) Acid products. Hcemopyrrolecarboxylic 
acid, 2 : 3-dimethylpyrryl-4-propionic acid, cryptopyrrolecarboxylic acid, 2 : 4- 
dimethylpyrry 1-3 -propionic acid, phyllopyrrolecarboxylic acid, 2:3: 5-trimethyl - 
pyrryl-4-propionic acid, 

3. Less energetic reduction leads to the metal-free porphyrins, first obtained 
by Hoppe-Seyler and Nencki, which contain the skeleton of hsemin practically 
imaltered. Acetic acid and hydrogen bromide convert hsBmin into the long- 
known crystalline hcrmatoporphyrin, Cj4H84N404(OH)2, which forms salts with 
dilute acids or alkalis, also esters and ethers. Hydrogen iodide and glacial 
acetic acid yield mcsoporphyrin, C84H88N4O4, which forms a hydrochloride, alkali 
salts and esters. In the latter both unsaturated side chains have been hydro- 
genated, and an additional product obtained by the oxidative breakdown of 
this compound is methylethylmaleinimide (Synthesis, Ann. 345, 11). Further 
reduction of mesoporphjT'in with potassium amalgam yields mesoporphyrinogen, 
C84H44O4N4, the leuco -derivative of mesoporphyrin. Hamoporphyrin, which is 
formed from hsematoporphyrin by the action of methyl -alcoholic potash at high 
temperatures, and which on loss of its carboxyl groups yields setioporphyrin III,* 
is probably isomeric with mesoporphyrin. Aitioporphyrin is obtained from 
chlorophyll, and this reaction shows the close relationship of the two biologically 
most important pigments. 

Natural Porphyrins. — Under pathological conditions (porphyrinuria) the 
urine contains considerable quantities of uroporphyrin and copro porphyrin (Z. 
physiol. Chem. 95 , 34: 96 , 148,309: 97 , 109, 148: 98 , 14, 78). Both these 
porphyrins are derived from aetioporphyrin I, uroporphyrin containing eight, and 
coproporphyrin four carboxyl groups. Coproporphyrin can be demonstrated 
spectroscopically in the faeces of vegetarians, and has been isolated from 
yeast (Z. physiol. Chem. 138 , 55). Turacin, a pigment in the feathers of the 
turaujus bird, is the copper salt of uroporphyrin. 

Other porphyrins related to blood pigment occur in nature. In the pigmented 
shell of wild birds (particularly sea-gulls) ooporphyrin is found (Z. physiol. Chem. 
131 , 241 : 138 , 262). Ooporphyrin (protoporphyrin, Kammerer's porphyrin), 

like haemin, from which it cam be obtained by the removal of iron, contains two 
carboxyl groups. The putrefaujtion of blood produces deuteroporphyrin, CjoHjo- 
N4O4, which on oxidation yields citraconimide and haBmatinic acid : in this 
compound, both imsaturated side chains have been split off. 

The porphyrins mentioned above are distinguished by a characteristic absorp- 
tion spectrum and by their capacity to form complex iron derivatives. 

Many other porphyrins, which do not occur in nature (up to 1928 about 
30 different) have been obtained synthetically. Summary, H. * Fischer, Ber. 
60 , 2611. The methods employed will be dealt with in Vol. Ill under 
pyrrole. 

The relationships between the various compounds dealt with is given in the 
following diagram : 


Meaning of the roman numeral, see Ann. 459 , 54 ; also p. 751. 
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Hematinio acid 



Complete 

oxidation 


HaernopyTrolo Hiemopyrrolecarboxylic acid 

Cryptopyrrolo Cryptopyrrolecarboxylic acid 

Phyllopyrrolo Phyllopyrrolocarboxylic acid 


Degradation by reduction 


Hffimin ‘ ^ ^ Ooporphyrin 

CwHaoN/l^FeCl +Fe Ca.Ha.N^O^ 


Mesoporphyrin 



Heo ma to porphyrin 

^84^86^4^® 


Haemoporphyrin 

^ 34 ^ 38 ^ 4 ^^ 4 ( 0 



Haemophyllin 


-(Ftioporphyrin TTI 

C8aH3sN, 


Uroporphyrin — 

Deuteroporphyrin C 4 oHa 8 N 4 ()iu 

^ 4CO 

Coproporphyria 

I - 

uTvtiporphyria 

CaaHagX^ 


8CO„ 


References to above scheme : (1) Ber. 34 , 997. {2)-(8), all Z. physiol. Chem. 

(2) 87 , 423. (3) 154 , 39. (4) 142 , 156. (5) 142 , 142. (6) 140 , 241. (7) 138 , 

49. (8) 140 , 231 : 161 , 18. 

Constitution. — From the results of molecular weight determinations and of 
synthetic and analytical experiments, it appears that all porphyrins and the 
haemins and phyllins obtained from them by the introduction of iron or mag- 
nesium contain a so-called porphin nucleus (Ber. 60 , 2639), for which the struc- 
ture suggested by W. Kiister (Z. physiol. Chem. 82, 463), consisting of four 
pyrrole residues linked by rnethine groups in the a-positions, expresses the findings 
most satisfactorily. 



Porphin-skeleton. 

It will be noticed that I is a genuine pyrrole ring, whereas III and IV are 
pyrrolenine rings and II the ring of maleinimide. By the introduction of methyl, 
ethyl and propionic acid groups on the carbon atoms 1-8, the numerous por- 
phyrins are obtained, likewise four astioporphyrins, all of which have been syn- 
thesized (Ann. 459 , 63). Of these aetioporphyrins, cetioporphyrin /, 1 : 3 : 5 : 7- 
tetramethyl-2 : 4 : 6 : 8-tetraethylporphin, is of importance from its relationship 
to uro- and coproporphyrins, while cetioporphyrin II J, 1:3:5; 8-tetramethyl- 
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2:4:6: 7-tetraethylporphin, is the basis of hsomin and of oo- and meso- and the 
other poi*phyrins obtained from blood pigment. Mesofiorphyrin is 1 : 3 : 6 : 8- 
tetramethyl-2 : 4-diethylporphm-6 : 7-dipropioni(r acid. 

Chlorophyll 

this name are referred to the plant pigments which occur in 
all green plants, and which are of importance physiologically to the 
plant, and also indirectly to animals in connection with natural 
synthetic processes. 

It is noteworthy that chlorophyll, the green plant pigment, and 
haemin are related, at any rate in their breakdown products (see p. 750). 
Just as haemin is peculiar in its iron content, so chlorophyll is charac- 
terized by its content of magnesium (Willstdtter). 

Amorphous chlorophyll can be obtained from fresh or dried plants 
by extraction with alcohol : the extract can be purified by extraction 
with benzene or carbon bisulphide and water. 

The pigment thus obtained is a mixture of 3 parts chlorophyll a, 
C55H7206N4Mg, and 1 part chlorophyll 6, C55H7o06N4Mg (Ann. 380, 
177 : separation, see Aim. 390, 294). 

Chlorophyll a contains two carboxyl groups, of which one is esterified with 
methyl alcohol, the other with the unsaturated alcohol phytol (see p. 152). The 
existence of a third carboxyl group, probably in the form of a lactam ring, is 
uncertain. From these facts, the formula of chlorophyll a (with suitable modifica- 
tion for chlorophyll b) can be written (C 8 ,H,oON 4 Mg)COOCH 3 COOC 2 oH 3 „. 
Chlorophyll a and 6 are closely related, and their breakdown leads finally to 
identical products. 

The oxidative degradation of chlorophyll products with lead peroxide and 
sulphuric acid or chromic acid yields hsematinic acid (p. 750) and methylethyl- 
maleinimide (Ann. 373, 227). 

Energetic reduction with tin and hydrochloric acid or glacial acetic acid and 
hydrogen iodide (Ann. 385 , 188) yields haemopyrrole and phyllopyrrole (p. 750). 

Acids remove magnesium from chlorophyll with the formation of phoBophytirif 
(C,jH,80N4)COOCH,*COOCjoH, 9. The corresponding free dicarboxylic acid is 
phytochlorin e : the introduction of magnesium leads to the formation of a 
phyllin. Alkalis hydrolyse the ester groups, without touching the magnesium - 
containing nucleus. Accordmg to the conditions the products are chlorophyllin^ 
(C.,H 330 N 4 Mg)(C 00 H)g, or the isomeric isochlorophyllin. Progressive decar- 
boxylation leads through a series of other phyllins eventually to the oxygen - 
free oatiophyllin^ C 3 iH 34 N 4 Mg, from which dilute acids produce setioporphyrin 
(Ann. 400 , 182). 

Other Plant Pigments 

A number of yellow and red, chemicaUy indifferent pigments 
accompany chlorophyll. They can be divided into two groups, (a) 
the oxygen-free carotinoids and (b) the oxygen-containing xantho- 
phylls. Both classes give an indigo-blue colour with concentrated 
sulphuric acid and are oxidized in air. 

(o) Carotinoids (see also p. 118). — 6’aro/«ne, C 40 H 34 , m.p. 156°, forms reddish- 
yellow crystals and is obtain^ from carrots {Daucua carota) (Ann. 355, 8 ; Z. 
physiol. Chem. 64 , 47), from corpus luteum (Z. physiol. Chem. 83, 198) and 
from gall atonea of oxen (Z. physiol. Chem. 88 , 331). It can be hydrogenated 
catalytically (Ber. 61 , 666 ). Triiodidet C 40 H 44 I,, m.p. 137°, forms deep-violet, 
whetstone-shaped crystals. Lycopene, 0491154 , m.p. 168-9°, the pigment of 
tomatoes, is isomeric with carotene (Z. physiol. Chem. 64 , 47) and yields with 
iodine amorphous products. 

(b) Xanthophylls. — XarUhophyll (a), C 4 oH 5 eOg, m.p. 172°, forms yellow 
orystflJs. An isomer is the ovarian pigment lutein, m.p. 193°, also known as 
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xanthophyll (b) (Z. physiol. Chem. 76 , 214). Fucoxanthin, C 4 oH 540 g, is obtained 
from brown seaweeds, and forms brown-red prisms, + 3CH80H» m.p. (dried) 
160® (Ann. 404 , 237). Summary, see R, Willatdtter, Ber. 47 , 2831. 

Bile Pigments and Bile Acids 

In the bile, the secretion of the liver, which is indispensable for 
the digestion of fats, occur the bile pigments and a series of acids, 
the most important of which are glycocholic and taurocholic acids : 
the bile also contains lecithin and cholesterol. 

Bilirubin, C38H36N4O6, is the most important of the bile pig- 
ments. It is obtained from gall-stones in the form of brownish- 
yellow crystals (Z. physiol. Chem. 73, 216) and, like hasmin, is a 
dibasic acid, which forms a well-crystallized ammonium salt and esters. 
Bilirubin is formed in the body from blood pigment. This is not 
confined to the liver, but occurs throughout the so-called reticulo- 
endothelial system of the body, which is distributed principally in 
the spleen, bone-marrow and liver. It has long been known that 
in old extravasations of blood beautiful brownish-yellow crystals 
occur, which were referred to as hcemaioidin. Fischer and Reindel 
have shown that haematoidin is identical with bilirubin (Z. physiol. 
Chem. 127, 299). 

Oxidation of bilirubin yields bsematinic acid (p. 750). Bilirubin is more 
stable towards reducing agents than ha3matin, and an intermediate product 
containing two pyrrole nuclei, bilirubinic acid (m.p. 187°), can be isolated, whose 
constitution has been elucidated by Hans Fischer (see Vol. 111). More complete 
degradation loads to the formation of cryptopyrrole and cryptopyrrolecarboxylic 
acid. 

Bilirubin can be catalytically hydrogenated to mesohilirubin^ O 33 H 40 N 4 O 6 , 
m.p. 315°. Sodium amalgam reduces it to theleuco-compound ynesobilirublnogcuy 
m.p. 203°, which on oxidation yields mesobilirubin. Oxidation by air produces 
from mesobilirubinogen urobilin, which occurs in the faeces and to a small amount 
in normal urine, but whose constitution is uncertain. 

The Bile Acids. — The three bile acids which to date have been 
obtained from ox gall-stones can be referred to a common cholanic 
acid, C24H40O2, as basis. The known bile acids are hydroxy deriva- 
tives of this acid. 

1. Lithocholic acidy 3 -hydroxy cholanic acid, C 24 H 40 O 3 , m.p. 186° (Z. physiol. 
Chem. 73, 234: 110,123). 

2. Desoxycholic acid, 3 : 7 -dihydroxycholanic acid, C 24 H 40 O 4 , m.p. 172° (Z. 
physiol. Chem. 97, 1 : 98, 59). 

3. Cholic acidy 3:7: 12-trihydroxycholanic acid, C 24 H 40 O 5 , m.p. 195° (Z. 
physiol. Chem. 80, 297). 

The above three acids all occur in ox gall. 

4. Hyodesoxy cholic acidy 3 : 13 -dihydroxycholanic acid, m.p. 196-197°, isomeric 
with desoxycholic acid, occurs in the bile of swine (Ami. 433 , 282 : 447 , 233). 

5. Chetio- or Anthropodesoxy cholic acidy 3 : 12 -dihydroxycholanic acid, m.p. 
140° (solvent-free), is obtained from human (Z. physiol. Chem. 140 , 186) or 
goose (Z. physiol. Chem. 140 , 167) bile. Coiistitutiony see Z. physiol. Chem. 
167 , 180. 

In bile those acids are conjugated with glycine or taurine, e.g.y to glycocholic 
acid, C 24 H 32 O 4 NH CH 2 CO 2 H, m.p. 133°, and taurocholic acid, C 24 H 3204 *NH‘- 
CH 2 *CH 2 *S 08 H, m.p. indef., which can be decomposed into their constituents 
by prolonged boiling with alkali. 

The constitution of the bile acids has been largely elucidated by the work 
of Wieland and his school. The skeleton of the bile acids, as of cholesterol, is 
a tetracyclic fully hydrogenated ring structure (see below) which contains attached 
to ring IV a side chain of known structiue, and three carbon atoms whose dis- 

VOL. I. 3o 
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tribution is uncertain (see Wieland, Z. physiol. Chem. 1912-1924 : degradation 
of side chain, ibid, 161, 80). The apparent relationship of the bile acids to the 
sterols is demonstrated by the oxidation of pfiewdocholestane to cholanic acid 
{WindatiSf Z. physiol. Chem. 100, 167). The oxidation of cholesfcano proceeds 
similarly with formation of allocholanic acid. The structure of the fundamental 
cholamc acid and its relation to the sterols is shown in the following scheme ; 


12 



( Attached to ring IV 

(a) C3H, 

(6) CH(CH3) CH3 CHo C02H 
Ester 

+ fCrOa 

CHgMgl Oxidation. 

>r(Ber. 59, 2064). 

— CH(CH3)CH2-CH2CH2CH(CH3)o 
pwMr/oCholestane. 


Desoxycholic acid forms well-defined crystalline addition products with fatty 
acids and other organic compounds, e.gr., \ •desoxycholic acid-H-palmitic acid^ m.p. 
186°, once called choleic acid. This combination of fatty acids with desoxycholic 
acid is of physiological importance. Dehydrocholic acid (3:7: 12-triketocholanic 
acid) is used therapeutically as a cholagogue under the name decholin. 


Sterols 

The sterols occur both free and combined as esters of higher fatty 
acids both in the animal and vegetable kingdoms. The sterols give 
certain group reactions, e.^., a deep-red to bluish-red colour when 
their chloroform solutions are treated with concentrated sulphuric 
acid (Salkowsky's test). Another characteristic is the ability of the 
majority of sterols to combine with saponins, especially digitonin, to 
give sparingly soluble molecular compounds which can be used for 
the quantitative estimation of free sterols {WindauSy Ber. 42, 238). 

Cholesterol, C 27 H 46 OH, is the most important zoosterol (sterol 
of animal origin). It has m.p. 148°, b.p. c. 360°, [ajo — 37*8® (in 
ether). In addition to its occurrence in bile (xoh], bile, areag, fat : 
gall-stones contain up to more than 90^0 cholesterol), cholesterol 
occurs in the brain, in blood, in yolk of egg, etc. 

It is insoluble in water, but soluble in the majority of organic 
solvents : from alcohol it crystallizes in mother-of-pearl plates or 
tables with a soapy feel, containing IHgO ; from ether it crystallizes 
anhydrous in needles. 

It protects the red blood cells against haemolysis, by certain toxins, 
and has therefore an antitoxic action (C. 1905, I. 1265 : Ber. 42, 238). 

For our knowledge of the constitution of cholesterol we are indebted to 
Mauthner, Suida, Diels and particularly to Windaus. It is a cyclic secondary 
alcohol containing a double bond, derived from the saturated hydrocarbon 
cholestane, m.p. 8 D. As the corresponding open-chain saturated hydrocarbon 
would have the formula C 37 H 53 , the 8 hydrogen atoms less of cholestane 
suggest a tetracyclic hydrogenated ring system. 

Two rings have been established by systematic degradation. Ring I which 
contains the hydroxyl group is a 6 -membered ring, while ring II which contains 
the double bond is a 6 - ring. The conversion of p^et^ocholestane into cholanic 
acid (above) is evidence that the remaining two rings are identical with those 
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of the bile acidB. Cholesterol and the bile acids are distinguished, apart from 
their spatial configuration, by an isopropyl group in the side chain. The present 
state of our knowledge of cholesterol constitution is given in the following formula : 

Ha 

} Attached to ring IV 
(a) C,H, 

(6) — CH(CH,)*CH2-CH2CH2-CH(CH3), 

H 


Cholesterol. 

In the gut cholesterol is reduced to the saturated alcohol coprosterol^ C^*7H4gO, 
m.p. 112°, [a]D + 24°. This reduction can be achieved chemically (Ann. 453 , 
101). Coprosterol is actually not the normal dihydrocholesterol, but is derived 
from a stereoisomeric hydrocarbon, p^ei/docholestane {coprostane, C27H4g, m.p. 
78-79°) (Monatsh. 30 , 639), which is the connecting-link with the bile acids 
(see p. 753 and Z. physiol. Chem. 100 , 167). 

The esters of cholesterol and of wocholesterol with higher fatty acids form 
lanolin (wool -fat) which occurs in raw wool and is used as a basis for ointments, 
as it is taken up by the skin. 

Phytosterols. — The vegetable sterols or phytosterols are widely distributed. 
Some are isomeric with cholesterol, but others contain more than one double 
linking. Sitosterol, C27H44O, m.p. 137°, [a]© — 33*9° (Ber. 39 , 4378 : 40 , 3681), 
is the most important sterol of the higher plants and is obtained from wheat 
seedlings or calabar beans. Stigmasterol, C3oH4g or 50^^* H^O, m.p. 170° [a]© — 45° 
(chloroform) (Ber. 39 , 4378), occiu's with sitosterol in the calabar bean and con- 
tains two double bonds. Brassicasterol, C28H46O, m.p. 148° (Ber. 42 , 614), from 
rape oil. Ergosterol, C27H43O, H2O, m.p. 165°, [a]D — 132° (chloroform) (C. 1908, 
11. 716 : Ann. 452 , 34 : 460 , 212), occurs with Jungisterol, C26H40O, HgO, m.p. 
144°, in ergot of rye ; it is best obtained from ypast fat or from yeast (Z. physiol. 
Chem. 124 , 8 : Ann. 460 , 218). Ergosterol is the typical sterol of the cryptogams 
and contains three double bonds. Irradiation with ultra-violet fight produces 
the anti-rachitic vitamin D. This anti-rachitic vitamin has recently been 
obtained crystalline and is called calciferol (Proc. Roy. Soc. 1931, [B], 108 , 340). 

Enzymes * 

It has long been known that certain reactions were accelerated 
or catalysed by substances of unknown constitution occurring both 
in plant and animal tissues, e.g., formation of maltose from starch, 
inversion of sucrose, hydrolysis of amygdalin. These organic or 
biological catalysts, which also act when separated from living cells, 
are known as enzymes. 

The isolation of an enzyme in absolutely pure condition has not 
yet been achieved : methods have, however, been evolved by which 
enzyme preparations of great activity are obtained. The preparation 
usually involves the two stages : 

(i) Extraction of the crude enzyme from the animal or plant 
tissue by pressing-out or by the action of solvents. 

* H, V. Euler, Chernie der Enzyme : ( 7 . Oppeulieimer, Fennente imd ihre 
Wirkungen, Leipzig, 1924, Thieme : H. v. Eider, Lecture, Ber. 55 , 3582 : R. 
Willstdtter, Ber. 55 , 3601 : 59 , 1 : Naturwissenschaften, 15 , 685 : P. Roua, 
Praktikum der physiologischen Chernie, Teil I, Fermentmethoden, Berlin, 1926, 
Springer : P. WcUdschmidt-Leitz, Die Enzyme, Braunschweig, 1926, Vieweg. 
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(ii) The concentration of the enzyme by the following methods : 

(а) The removal of admixed substances by the salting-out 
action of metallic salts. 

(б) Precipitation with alcohol. 

(c) Adsorption of the enzyme on a colloid with the opposite 
electric charge (iron hydroxide, aluminium hydroxide, kaolin) 
followed by the removal {elution) from the adsorbent. 

Willstatter and his colleagues in particular have developed methods 
for the concentration of enzymes based on adsorption and elution 
(Z. physiol. Chem. 125, 93 : Ann. 425, 1). By these methods, for 
example, invertin, the enzyme which hydrolyses cane-sugar, has been 
concentrated 12,000 times and pancreatic lipase 300 times, at the 
same time being freed from accompanying enzymes. The increasing 
instability of enzymes with increasing purity has hindered the attempts 
to obtain them quite pure. 

According to Willstatter, the enzymes consist of a colloidal carrier 
and a purely chemicall 3 ^-actmg active group. They cannot be placed 
in any of the hitherto known classes of natural products. 

Enzymes are named after the substrates which tlicy break down : 

Fat -hydrolysing enzymes, Lipases^ c.g. Pancreatic lipase. 

Protein-hydrolysing enzymes, Proteases, e.g. Trypsin, Eropsin, Pepsin. 

Cane-sugar-hydrolysing enzymes, Saccharases, e,g. Invertin (Invertase) of 

yeast. 

Starch -hydrolysing enzymes. Amylases, e.g.. Malt amylase or diastase. 

Glucoside-splitting enzymes, Glucosidases, e.g. /3-Glucosidase in einulsin. 

Dehydrogenating enzymes. Oxidases and peroxidases. 

Reducing enzymes, Reductases. 

Enzymes which remove C 02 » Decarboxylases. 

Enzymes which remove sulphuric acid. Sulphatases. 

Enzymes are also known which have a synthetic action, with the formation 
of C — C links. These are known as carboligases {Neuberg, Ber. 55, 30.15 : cf. 
Liutner and Liebig., Z, physiol. Chorn. 88 , 109). For examples of enzymatic 
synthesis of disaccharides, see the end of this section. 


A typical propert^^ uf the enzymes, which distinguishes them from 
the inorganic catalysts, is their extraordinary specificity, i.e., the 
property which restricts their action to a very definite substrate. 
The relation between enzyme action and substrate constitution, which 
has been likened by E. Fischer to a key (enzyme) and lock (substrate), 
is abundantly confirmed experimentally. 

For the study of this problem the glucosides are well suited. A 
typical example of enzyme specificity is given by the action of einulsin 
/S-glucosidase on the aqueous solutions of the following /3-glycosides : 


^HOCHa 

' 1 

CHOH 

I 

0 CHOH 

1 I 

CHOH 

I 

I— CH 

1 

CH,OH 

/3-liethylgluooiide, 

Hydrolyied. 


— CHOCH 3 

I 

CHOH 

I 

O CHOH 

; I 

CHOH 

: I 

— CH 

I 

CHjBr 

/3-Methylgluco8ide- 
O-bromohydrln. 
Not hydrolysed. 


— CHOCHa 

I 

CHOH 

I 

0 CHOH 

I 

CHOH 

I 

— CH 

I 

CHa 

^I-Methyli«orhara- 

nouide. 

Hydrolysed. 


— CHOCH3 

I 

CHOH 

1 

O CHOH 

I 

CHOH 

I 

—CHa 


^-Methylxyloslde. 
Not hydrolysed. 
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None of the above glycosides are attacked by the enzymes of 
bottom-yeast, which contains only a-glucosidase. 

The activity of enzymes is profoundly influenced by the presence 
of electrolytes and other substances. 


1. Hydrogen Ion Concentration^ p„. — Many enzymes have their optimum 
activity at a definite, usually very weakly acid reaction. Following Sorensen 
the hydrogen ion can be represented by the calculation of the normality of a 
solution as an exponent to the base 10, the negative sign being neglected, e.g. : 

jV/100 acid = 10“ ^ = 2-0 

AT/IOOOO acid = 10”* : Ph = 4-0 

For iV/600 acid the pa is calculated as follows : 

0 002 = 2 X 10”» = (say) 10^ 
log 2 — 3 = rr 

i.e. X = — 2*7 
Ph = 2-7. 


For the maintenance of a definite hydrogen ion concentration, so-called 
buffers are used. Those are acid-salt mixtures which only change their reaction 
slightly when acid or alkali is added to their solutions, and the hydrogen ion 
concentration is thus maintained nearly constant throughout the reaction. Such 
buffer mixtiires consist of sodium acetate acetic acid, the sodium phosphates 
NaH 2 P 04 and Na 2 HP 04 (Michaelis), sodium citrate + hydrochloric acid, sodium 
citrate -j- sodimn hydroxide (Sorensen). 

The optimal hydrogen ion concentrations for certain important enzymes are 
given in the following table ; 


Enzyme. 

Amylase 

Saccharase 

Maltase 

a-Glucosidase 

/3-Glucosidase 

Pepsin 

Catalase 


Optimum p,,. 
(>•7 

. 4*4-4-6 

6-6 

. 5*8— 0-6 

. 5 

. 1 - 6 - 1 -8 
7 


Source of enzyme. 
Pancreas 
Yeast 
Beer -yeast 
Bottom yeasts 
Emulsin 
Gastric juice 
Liver 


2. Enzyme action is influenced by the presence of other ions. E.g. Pancreatic 
amylase depends upon the presence of chlorine ions, trypsin is markedly influenced 
by calcium ions. 

3. Temperature . — Every enzyme has a maximum activity at a definite 
temperature. In general this lies between 37° and 53°. Higher temperatures 
rapidly produce inactivation. 

4. The Presence of Goenzyrnes . — Many organs yield their enzyme in an inactive 
form, the so-called zymogens, which are only made active by certain other 
substances or coenzymes (Kinases). 

A typical example of this is the activation of the vegetable protease papain 
by hydrogen cyanide {Willstdtter and Grassmann, Z. physiol. Chem. 138, 184). 
The system papain -hydrogen cyanide has an altogether different working range 
from that of papain alone. The proteolytic enzyme of the pancreas, trypsin, 
requires the presence of a coenzymo obtained from the intestinal wall, so-called 
onterokinase, for certain of its activities (Z. physiol. Chem. 132, 181 : 149, 203). 

5. Inhibition and Poisoning of Enzyynes . — Heavy metal salts in particular 
prevent the action of enzymes. Among organic compounds chloroform, toluene, 
and bases such as aniline and phenylhydrazine have an inhibitory effect. 

The action of enzymes is pictured aa due to the combination of the enzyme 
with its substrate, the complex formed then breaking down into other products. 
The action of yeast saccharase on cane sugar is illustrated as follows : 

Cane sugar saccharase = [Cane-sugar • saccharase] = Glucose -f fructose + 
saccharase. 

The speed of such a hydrolytic process is then dependent upon (1) the speed 
of formation and (2) the speed of decomposition of the [cane-sugar • 8acchar€ise] 
complex. The law of mass action holds for both stages. 
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Euler has postulated the existence of carbonyl groups in the intestinal pepti- 
dases {e.g. erepsin) as the enzyme activity is prevented by aldehyde reagents 
such as aniline and phenylhydrazine, probably because of blockage of the active 
group which combines with the substrate (Z. physiol. Chem. 162 , 85). 

Enzymatic Syntheses. — Detailed study of enzyme hydrolysis 
shows that the hydrolysis does not proceed to completion, but an 
equilibrium is established. The predicted property of enzymes to 
work synthetically (van ’t Hoff) has been widely confirmed. In- 
vestigations have largely been carried out in the realm of the di- 
saccharides (Bourquelot, Pringsheim). 


Enzymatically Synthesized Disaccharidea 


Enzyme. 

Substrate. 

Duration of 
action. 

Product of 

1 synthesis. 

References. 

Yeast mattase 

\ Glucose 

\ Several 
months 

\ isoMaltose and 
dextriiis 

Ber. 34 , 600 

Purified yeast 
maltase 

40% Glucose 
6-4) 

1 month 37" 

Maltose 

Bor. 57 , 1576 

Kehr lactase 

/ Galactose + 

1 glucose 

15 days 

MoLactoso 

Ber. 35 , 3144 

Einulsin . 

5% Glucose 

1 month 

Gentiobiose 

Compt. rend. 

157 , 732 
Compt. rend. 
168 , 1016 

Emulsin . 

50% Glucose 

1 month 

Cellobiose 

Emulsin . . j 

1 

1 

Galactose 

5 months 

Galactobioses A 
and B 

Compt. rend. 
164 , 443 


The union of glucose and fructose to cane sugar has not yet been achieved. 
In addition t^o the above syntheses, syntheses of higher carbohydrates, fats, and 
proteinoid substances have been successfully carried out. Neuberg has brought 
about syntheses involving a C — C link by the carboligase of yeast (Ber. 55, 3636). 
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Individual substances should also he sought under the more general headings : 
in particular, derivatives of acids such as esters, amides, nitriles are not indexed 
separately where their description in the text follows immediately on that of the parent 
substance, and the same applies to oximes and phenylhydrazones of many ketonic 
substances, and to the acetals of many aldehyd^. 


Aceconitic acid, 648 
Acediamine, 329 
Acetal, 242 
Acetaldazme, 2.53 
Acetaldehyde, 239 

dimethyl acetal, 242 

Acetaldohydedisiilphonic acid, 399 
Acetaldehyde jMiroxide, 241 

j)henyIhydrazoiu>, 253 

seniicarbazoiie, 503 

Acetaldoxime, 251 
Acetal glycerol, 587 
Acetalmalonic eater, 616 
Acetalmcthylmaloiiic ester, 616 
Acetals, 241 
Acetamide, 323 
Acetamidine, 329 
Acetaiuliioacetic acid. 442 
Acetic acid, 300 

esters, 313 

• salts, 302 

anhydride, 319 

Acetimido-ethyl ether, 328 
Acetiinido-thiophenyl ether, 328 
Acetoacctic acid, 466 

amide, 475 ; nitrile, 475 

ester, 473 

cyanohydrin, 611 

semicarbazone, 504 

Acetoaconitlc ester, 667 
Acetoacrylic acid, 481 
Acetobenzalhydrazine, 324 
Acetobromoarabinose, 674 
Acetobromogalactose, 697 
Acetobromoglucose, 695 
Acetobutyl alcohol, 395 
Acetobutyric acid, 479, 480 
Acctochloroarabinose, 674 
Acetochlorogalactose, 697 
Acetochloroglucose, 695 
Acetocitric trimethyl ester, 666 
Acctoethyl alcohol, 394 
Acetoglutaric ester, 624 
Acetoguanarnine, 531 
Acetohydrazide, 324 
Acetohydroxamic acid, 329 
oxime, 330 

Acetohydroximic acid chloride, 329 
Acetoin, 394 

Acetomethylglutaconic acid, 626 
Acetone, 263 

alcohol, 393 

Acetonccarboxylic acid, 466 
Acetone chloride, 266 

chloroform, 418 

cyanohydrin, 433 

Acetonediacctic acid, 625 
Acetonedicarboxylic acid, 623 
Acetone diethyl acetal, 266 

Bul phone, 267 

dimethyl acetal, 266 

Acetonedioxallc ester, 677 


Acetonedipropionic acid, 625 
Acetonedipyroracemic acid, 626 
Acetone ethyl mercaptole, 267 

glycerol, 587 

— — hydrazone, 269 

p-nJtrophenylhydrazone, 269 

Acetoneoxalic ester, 602 
Acetone peroxides, 265 

■ rhamnose, 675 

semicarbazone, 269, 503 

Acetonetricarboxylic ester, 667 
Acetonetrisulphonic acid, 591 
i Acetonitrile, 327 
I Acetonitrogalactose, 697 
I Acetonltroso-oxime, 330 
Acetonylacetoacetic ester, 608 
Acetonylacetone, 405 

dioxime, 408 

diphenylhydrazone, 409 

Acetonylacetonedioxalic ester, 719 
Acetoii>lacetylacetone, 593 
; Acetonylleovulinic acid, 603 
Acetonyltrimethylammonium chloride, 397 
i Acetopropionlc acid, 477 

I aldol, 391 

I Acetopropyl alcohol, 395 
Acetosucciuic ester, 622 
i Acetotricarballylic ester, 667 
Acetoxime, 268 
j Acetoximic acid, 407 
I Acetoxyacetic acid, 421 
I Acctoxyacetonltrile, 432 
! Acetoxyacetylbutyric ester, 600 
Acetoxycrotonic ester, 475 
Acetoxyglutaric anhydride, 614 
Acetoxyloxamide, 540 
Acetoxymaieic anhydride, 620 
Acetoxymesityl oxide, 396 
Acetoxypropionaldehyde, 390 
Acetoxy propionic acid, 421 
Acetoxyvalerolactone, 478 
Aceturic acid, 442 
Acetylacetoacetic acid, 603 

ester, 475, 602 

Acetylacetone, 403 
Acetylacetoneamine, 397 
Acetylacetone chloral, 652 
Aoetylacetonediethylamines, 397 
Acetylacetone dioxime, 408 
Acetylacetoneethylamines, 397 
Acetyl arsenite, 317 

bromide, 316 

Acetyli«obutyric acid, 479 
Acetylbutyryl, 402 
Acetyli«obutyryl, 402 
Acetylbutyrylmethane, 404 
Acetyli«obutyrylmethane, 404 
Acetylcaproyl, 402 
Acetyliitocaproyl, 402 
Acetylcaproylmethane, 404 
Acetylcarbinol, 393 
Acetylcellulose, 736 
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Acetyl chloride, 316 
Acetylcholine, 380 
Acetyl chromate, 317 

cyanide, 464 

Acetylcyanoacetic ester, 619 
Acetyldialuric acid, 632 
Acetyldiketoadiplc-carboxylic acid, 719 
Acetyldimethylacetoacctic methyl ester, 603 
Acetyldimethylcarbinol, 394 
Acetyl disulphide, 320 
Acetyldithiourethanes, 507 
Acetylene, 108 

alcohols, 152 

carboxylic acids, 350 

Acetylenedialdehyde di acetal, 400 
Acetylenedicarboxylic acid, 578 
Acetylenediurea, 498 
Acetylene homologues, 111 

metallic derivatives, 110 

Acetylenes, 108 
Acetylene tetrabromide, 122 
Acetylethylcarbinol, 394 
Acetyl fluoride, 316 
Acetylglutaric acid, 625 
Acetylgly cocoll, 442 
Acetylglycollio acid, 421 
Acetylglyoxylic acid, 601 
Acetyl groups, Estimation of, 11 
Acetylhexanedione, 593 
Acetylhydantoin, 499 
Acetyl hydroperoxide, 319 

iodide, 316 

Acetyllactic acid, 421 
AcetyliaevuUnic acid, 478 
Acetylmalic acid, 607 
Acetylmalonio acid, 619 
Acetylmethylcarbinol, 394 
Acetylmethylurea, 498 
Acetylmethylp56i/<iourca, 503 
Acetyl nitrite, 317 
Acetyloenanthylidene, 276 
Acetyl propionyl, 402 

• osazone, 409 

phenylhydrazone, 409 

Acetylpropionylmethane, 404 
Acetylpyroracemic chloralide, 602 
Acetylpyroracemic ester, 602 
Acetyl sulphide, 320 
Acetylsulphuric aciti, 317 
Acetylthlocarbanjic methyl ester, 506 
Acetyl thiocarbimide, 528 
Acetyl p^eii^iothioiirca, 510 
Acetyltriclilorophenomalic acid, 481 
Acetyluraiiiil, 632 
Acetylurea, 498 
Acetylurethane. 491 
Acetyli«ovalcryl, 402 
Achroodextrin, 733 
Aci-acetoacetic aldehyde, 396 
Acid amides, 321 

anhydrides, 317 

azides, 324 

bromidea, 315 

chlorides, 315 

fluorides, 316 

halides, 314 

hydrazides, 324 

iodides, 316 

Aci-forrnyl acetone, 396 
Aconlc acid, 616 
Aconitic acid, 648 
i«oAconitic ethyl ester, 648 
Acraldehyde, 253 
Acritol, 680 
Acrolein, 263 

acetal, 254 

Acrolein-ammonia, 264 
Acrolein cyanohydrin, 452 
Acrolcin-glycerol, 587 
Acrose, 689, 699 
Acrylic acid, 342 

Active hydrogen. Estimation of, 11 
Acyl cyanides, 464 
Acvlguanidlnes, 513 
Acly i>erozldM, 819 


Adenine, 641, 643 
Adipic acid, 561 

dialdehyde, 400 

Adonltol, 671 

dlacetone, 671 

diformacetal, 671 

jEtiophyllin, 752 
^tioporphyrin, 751 
Agar-agar, 786 
Agmatine, 518 
Alacreatinine, 614 
Alanine, 443 
Alanine, 448 
Alanylalanine, 447 
Alanylglycine, 447 
Albumins, 745 
Alcoholates, 144 
Alcoholic fermentation, 139 

Mechanism of, 140 

Alcohols, Formation of, 129 
Alcohol-soluble proteins, 745 
Aldehyde acids, 465 

alcoholates, 241 

Aldehyde-ammonia, 249 
Aldehyde-ammonias, 248 
Aldehyde-bisulphites, 244 
Aldehyde cyanohydrin, 432 

cyanohydrins, 432 

Aldehyde-hydrazine, 263 
Aldehyde peroxides, 241 
Aldehydes, 226 
Aldehyde sulphoxylates, 244 
Aldehydogalactonic acid, 716 
Aldehydokotone carboxylic acids, 600 
Aldobutyric acid, 457 
Aldohexoses, 691 

Aldohexoses, Spaco-isomcrisni, 704 
Aldoketens, 270 
AldoJ, 390 

condensation, 390 

Aldopentoses, 672 

Aldopropionic acid, 456 

Aldoses, 082 

Aldovaleric acid, 457 

Aldoximes, 260 

Aliphatic substances, 87 

Alkamines, 379 

AJkarsine, 210 

AJkeines, 379 

Alkines, 108 

Alkyladipic acids, 561 

Alkylaininoacetals, 392 

Alkylammoniurn derivatives, 187 

Alkylbutanetetra carboxylic esters, 668 

Alkyl carbimides, 519 

Alkylcarboxylglutaric esters, 647 

Alkylcyanamides, 629 

Alkyl isocyanates, 619 

cyanides, 324 

diazoimldes, 204 

disulphides, 173 

— — dithiocarbarnic acids, 606 
Alkylene diamines, 382 

oxides, 367 

Alkylenes, 101 
Alkyl (i-glucosides, 694 
Alkylglutaric acids, 558 
Alkylguanldines, 612 
Alkyl halides, 160 
Alkylhydantoins, 500 
Alkylhydrazines, 202 
Alkyl hydroBulphides, 170 
Alkylliydroxylamines, 204 
Alkylmaionic acids, 545 
Alkyl melamines, 630 
Alkylmethanetricarboxylic esters, 646 
Alkyl peroxides, 168 
Alkylphosphlne oxides, 208 
Alkylphosphinic acids, 208 
Alkylphosphonic acids, 208 
Alkylphosphonium c-ompounds, 206 
Alkyl semicarbazides, 604 
Alkylsulphamides, 200 
Alkyl sulphides, 172 
sulphinic acids, 177 



INDEX 


761 


Alkylsulphochlorophosphines, 208 
Alkylthiocarbamic eaters, 606 
Alkylthiocarbamldes, 609 
Alkyl thiocarbirnidea, 526 
Alkylthionuric acids, 632 
Alkyl thioBulphoriic acids, 177 

thioaulphuric acids, 176 

Alkyluramils, 632 
Alkyl ureas, 497 

urethanes, 491 

Alkylxanthines, 645 
Allantoic acid, 627 
Allantoin, 627 
Allanturic acid, 627 
Allelotropy, 48 
Allene, 114 
Allocrotonic acid, 344 
Alloisoinerism, 41 
Allomucic acid, 710 
Allophanamide, 602 
Allophanic acid, 501 
Alloxan, 633 
Alloxanic acid, 634 
Alloxantin, 634 
Allylacetlc acid, 347 
Allylacetone, 276 
Allyl alcohol, 150 
Allylanilnc, 199 
/wAllylainine, 199 
Allylcarbinol, 151 
Allyhiyanarnide, 529 
Allyl cyanide, 345 

disulphide, 173 

Allylene, 112 
AUyl ether, 168 

halides, 165 

iodide, 165 

Allylmalonic acid, 564 
Allyl mercaptan, 172 

mustard oil, 527 

Allylsuccinic acid, 577 
Allyl sulphide, 173 
Allylthiocarbaiiiic ethyl ester, 500 
Allylthiocarbamide, 509 
Allylurea, 497 

Aluminium, Alkyl derivatives of, 216 
Alypin, 688 
Amalie acid, 634 
Ambrettolic acid, 454 
Ambrettolide, 454 
Ainidines, 328 
Am ido chlorides, 327 
Amidoxalylglycololl, 539 
Amidoxime oxalic acid, 540 
Amidoximes, 329 
Amines, 187 
Arninoacetal, 392 
Aminoacctaldehyde, 392 
Aminoacetic acid, 440 
Amlnoacetoacetic acid, 599 
Aminoacetone, 897 
Aminoacetonedietliyl sulphouc, 397 
Amino-acetonitrile, 441 
Aminoacctylacetonc, 691 
Amino-acid chlorides, 437 
Amino acids, 434 
Amino-acids, metabolism, 439 
Aminoadenine, 643 
Aminoadipic acid, 615 
Amino-anilido-oxali(! methyl ester, 541 
Aminobarbituric acid, 032 
Amlnobiuret, 502 
Amino-ter^.-butanodiol, 588 
Aminobutanol, 381 
Ainino-«cc.-butylacetic acid, 445 
Aminobutylguanidine, 513 
Aminobutyric acetal, 392 

acid, 448, 449 

Amino- i«obutyric acid, 444 
Amino-n-butyric acid, 444 
Amlnobutyrosulphonic acid, 597 
Aminobutyryl aminobutyric acid, 448 
Aminocalfeine, 644 
Amlnocaprlc acid, 460 
Aminocaproic acids, 444, 450 


Amino'isocaproic acid, 444 
Amino-n-caproic acid, 444 
Amino- capry lie acid, 445 
Aminocrotonic acid nitrile, 476 

ester, 454, 476 

Aminodimethylacryllc ester, 454 
Aminodimethylbutane, 197 
Aminodimethylbutanol, 881 
Aminodimethylsuccinlmide, 611 
Amlnodlthlocyanuric acid, 625 
Aminoethanesulphonic acid, 376 
Aminoethanol, 379 
Amino-ethyl ether, 380 
Amlnoethylldenesuccinic ester, 622 
Amlnoethyl mercaptan, 382 
Amlnoethylvaloric acid, 449 
Amino-fatty acids, 434 
Aminoformic acid, 490 
Aniinofumaric ester, 621 
Aminofumarimic ester, 621 
Aminoglucoheptonic acids, 715 
Aminoglucose, 699 
Aminoglutaconlc ester, 624 
Aminoglutaconlmide, 624 
Aminoglutaramic acid, 614 
Aminoglutaric acid, 613, 614 
Aminoguanidine, 515 
Aminoguanidinovaleric acid, 598 
Aminohydroxyvaleric acid, 596 
Ainino-n-heptoic acid, 450 
Aminohydantoic ester, 504 
Aminohydantoln, 504 
Aminohydracrylic acid, 595 
Aminohydrocyanuric acid, 531 
Aminohydroxybutyric acid, 596 
Amino-hydroxy-carboxylic acids, 595 
Aminohydroxyglutaric acid, 614 
Amlnohydroxypropionlc acid, 695 
Amlno-imi no-methyl cyanotriazene, 516 
Aminoisethionic acid, 376 
Aminoketones, 397 
Aminolactic acid, 596 
Aminomaleinamic ester, 621 
Aminomalonic acid, 545 
Aminoinalonylurea, 632 
Amlnomannose, 699 
Aminomethanesulphonic acid, 250 
Aminomethyladiplc acid, 615 
Aminomethyleneacetoacetic ester, (iOl 
Aminomethyleneacetylacetonc, 592 
Aniinomethylethylacetic acid, 444 
AminomethylleBvulinic acid, 600 
Aminomethylmalonic acid, 546 
Amino-methyl-nltrosilic acid, 517 
Aminomethylvaleric acid, 449 
Amino-w-octoic acid, 450 
Amino-oenanthic acid, 445 
Aminooxazoline, 503 
Aminooxypurine, 642 
Amlnooxypyrimidine, 628 
Amino-palmitic acid, 445 
Aminoparaldimine, 249 
Aminopentadienoic acid lactam, 454 
Arainopentanol, 381 
Aminopimelic acid, 615 
Aminopropanediol, 588 
Aminopropanol, 381 
Aminopropionaldehyde, 392 
Aininopropionic acid, 443, 448 
A mi nopropyl valeric acid, 450 
Aminopurine, 643 
Aminopyrotartaric acid, 611 
Aminostearic acid, 445 
Aminotsosuccinic acid, 605 
Aminosuccinlc acids, 608 
Aminosulphonal, 397 
Aminotalose, 700 

Amino-tetrahydroxycaproic acid, 714 
Aminotetrols, 671 
Aminotetronic acid, 600 
Amlnothiolcarboxylic acids, 597 
Aminotriazole, 516 

Aminotrimethylglutaric acid lactam» 614 
Amlnouracil, 630 
Aminourazole, 605 
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Amino- valeric acids, 444, 449 
Amino-wovaleric acid, 444, 448 
Amino-n-valeric acid, 449 
Aminovalerlc aldehyde, 392 
Aminovalerolactone, 479 
Aminoxyl-acetlc acid, 434 
Aminoxyl-fatty acids, 434 
Ammelide, 680 
Amraeline, 530 
Amyl alcohol, 147 

of fermentation, 147 

Amylamines, 197 
Amylases, 732, 756 
isoAmyldichlorophosphine, 208 
Amylene, 107 
i«oAmylene, 107 
i«oAmylene glycol, 363, 364 
Amylene hydrate, 148 
uoAmyl ether, 158 
Amylglycerol diethylin, 686 
Amyl halides, 165 
/xoAmylideneacetone, 273 
iwAmylideneglutaric acid, 577 
Amylmalonic acid, 547 
uoAmyl nitrate, 166 
i«oAmyl nitrite, 166 
Amylodextrin, 733 
Amylopectin, 731 
Amylose, 731 

Amyloxy propionic acid, 423 
Amylpropiolic acid, 352 

aldehyde, 255 

Amylum, 731 

Analysis, Elementary organic, 2 
Angelic acid, 346 

lactone, 453 

Anglyceric acid, 594 
Anhydroformaldehyde urethane, 492 
Anhydroglucoses, 696 
Anhydroinannose, 699 
Anhydro-nonaheptitol, 681 
Anhydrotaurine, 377 
Anilidopyrotartrolactamic acid, 612 
Anilinoacrolein anil, 399 
Anilinocltraconauil, 621 
Anillnodicarboxyglutaric ester, 670 
Anllino-dimethyl-pyrrole, 409 
Anilinomalonic acid, 545 
Anilinomethyleneacetylacctone, 592 
Anilinopyrotartaric acid, 611 
Anthropodesoxycholic acid, 753 
Antiraonious a<'ld, Esters of, 170 
Antimony, Alkyl derivatives of, 212 
Apionic acid, 676 
Apiose, 675 
Arabans, 736 
Arabic a^Id, 736 
Arabin, 736 
Arabinal, 674 
Arabinamine, 671 
Arabinobronml, 674 
Ajrabinochloral, 674 
Arablnodesose, 674 
Arabinosazone, 674 
Arabinose, 674 
■y-Arablnose, 674 

Arabinose-p-bromophenylhydrazone, 674 
Arabinose diacetamide, 674 

diacetone, 674 

mercaptals, 674 

oxime, 674 

semicarbazone, 674 

Arabinosone, 674 
Arabitol, 671 
Arabonic acid, 676 
Arabotrihydroxygluteric acid, 677 
Arabotrimethoxyglutaric acid, 677 
Arachidic acid, 305, 307 
Arginine, 598 
Aromatic compounds, 87 
Arrhenal, 210 
Arsenic acid, Esters, 170 
Arsenious acid, Esters, 170 
Arsenic, Alkyl derivatives of, 209 


Arsenic, Stereochemistry of. 45 
Artificial silk, 736 
Asparacemic acid, 608 
Asparagine, 609 
Asparaginecarboxyllc acid. 667 
Asparagine imlde, 610 
Aspartic acid, 608, 609 

diaraide, 610 

Aspartylaspartic acid, 610 
Aspartyidialanine, 610 
Asymmetric carbon atom, 37 

synthesis, 71 

Aticonic acid, 572 

acids, 575 

Auxochromes, 62 
Azelaic acid, 562 
Azenes, 270 
Azidoacetic acid, 460 
Azidocarbamidine, 516 
Azidocarbonic, amide, 504 

methyl ester, 503 

A zi methyl carbonate, 516 
Azines, 252 

Azinsuccinic ester, 659 
Azo-isobutyronitrile, 452 
Azodicarbondianidine, 51(i 
Azodicarboxylic acid, 504 
Azo-fatty acids, 452 
Azoformic acid, 504 
Azomethane, 203 
Azotetrazole, 516 
Azulmic acid, 541 


Bakelite, 234 
Barbitonum, 631 
Barbituric acid, 630 
Barley sugar, 725 
Bassorin, 736 
Batyl alcohol, 586 

Beckmann’s Method for molecular weight deter- 
mination, 17 

Beckmann Transformation, 268 
Beeswax, 314 
Behenic acid, 305, 307 
Behenolic acid, 352 
Behenoxylic acid, 352 
Bender’s salt, 488 
Benzal arabitol, 671 
Benzaldehyde semicarbazone, 503 
Benzalhydrazlne carboxylic ester, 503 
Benzoylalanine, 443 
Benzoyl triglycyl glycine, 448 
Benzeneazocyanoacetic ester, 619 
Benzyltetramethy lam moniu m , 1 98 
Beryllium, Alkyl derivatives of, 218 
Betaine, 380, 442 

aldehyde, 392 

Biguanide, 515 

Bile acids and pigments, 753 

Bilineurine, 379 

Bilirubin, 753 

Bilirubinic acid, 753 

Bisanhydro-nitro-acetic ester, 433 

Bis-cyanomalonic ester, 720 

Bismuth, Alkyl compounds of, 212 

Bis-trlmethylenedlimine, 388 

Biuret, 502 

base, 448 

reaction, 502, 739 

Boiling Point of organic substances, 58 

Boric acid. Esters of, 169 

Boron, Alkyl derivatives of, 216 

Brassicasterol, 755 

Brassidic acid, 350 

Brassylic acid, 563 

Bromal, 240 

acetyl chloride, 244 

alcoholate, 241 

Bromoacetaldehyde, 240 
Bromoacetic acid, 335 
Bromoacetoacetic ester, 476 
Bromoacetone, 265 
Bromoacetylene, 125 
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Bromoacetylurea, 498 
Bromoacrylic acid, 342 
Bromo-alkylacetoacetic esters, 476 
Jironioallyl alcohol, 151 
Bromobutylamine, 381 
Bromoi/fobutyraldehyde, 390 
Bromobutyric acid, 336 
Bromoi«obutyric acid, 336 
Bromocaffeine, 644 
Broinocitraconic anhydride, 571 
Bromocrotonic acid, 343, 344 
Bromoi/jocrotonlc acid, 343, 345 
Hronio-dialkyl acetoacetic esters, 476 
Bromoethane, 164 
Bromoethylainine, 381 
Broinoethyl ether, 244 
Bromoform, 291 
Bromofumaraldehydc, 399 
Bromofuiriaric acid, 569 
Bromoglutaric acid, 614 

ester, 558 

Bromoglianine, 642 
Bromoimldocarbonic ethyl ester, 502 
Bromolactic acid, 421 
Bromolaevulinic acid, 479 
Bromomaleic acid, 569 
Bromomalic acid, 659 
Bromomalonic acid, 544 

dialdehyde, 591 

Bromomesaconic acid, 572 
Bromomethane, 164 
Bromoincthyl acetate, 244 
Bromoiiiethacrylic acid, 345 
Broraomethyl ether, 243 
Bromonitroacetamido, 433 
Broinonitroethane, 182 
Bromonitroethyl alcohol, 392 
Bromonitroforin, 186 
Broinonitromethane, 182 
Bromonltropropane, 182 
Bromonitropropancdiol, 590 
BroTnonitroi«opropyl alcohol, 392 
Bromonitrosobutane, 183 
Bromniiitrosopropano, 183 
Bromooleic acid, 349 
Bromopicrin, 485 
Broniopropaiie, 164 
Bromopropionic acid, 335 
Bromopropylamine, 381 
Bromopyrotartaric acid, 555 
Bromopyruveide, 500 
Bromosuccinic acid, 555 
Bromoisosuccinic acid, 546 
Bromotetroiiic acid, 599 
Bromotriacetonamine, 274 
Bromotrinitronaethane, 186 
Burite’s salt, 176 
Butadiene, 114, 116 
Butadienecarboxylic acid, 353 
Butaual, 238 
Butane, 97 
i«oButane, 97 

■isoButanecarbodithioic acid, 320 
Butanedial, 399 

Butanedicarboxylic-acetic acid, 648 
Butanediol, 364 

Butaneheptacarboxylic ester, 720 
Butanepentacarboxylic ester, 678 
Butanetetracarboxylic acid, 669 

ester, 668 

Butanetricarboxylic acid, 647 
ester, 646 

v«oButanetricarboxylic ester, 646 
Butanetriol, 582 
Butanol, 146 

acid, 423 

diacid, 605 

Butanolide, 427 
Butanolone, 394 
Butanone acid, 466 

diacid, 619 

Butene lactone, 453 
Butenetetracarboxyllc ester, 670 
Butenetricarboxylic acid, 648 
Butenoic acids, 343 


Butenol, 151 
Butinenediol, 366 
iaoButylacetarnide, 324 
i/roButylacetic acid, 305 
«ec.-Butylacctic acid, 305 
t«oButylacetoiiItriIe, 327 
Butylacetylenecarboxyiic acid, 352 
tert.-Butylacetylenecarboxylic acid, 352 
Butyl alcohol, 146 
i/foButyl alcohol, 146 
Butyl alcohol of fermentation, 146 
Butyiamines, 196 
««oButylaticonic acid, 575 
Butylbutyrolactone, 428 
uoButylcarbinol, 147 
tert.-Butylcarblnol, 147 
Butyl chloral, 240 
Butylchloralacetal, 242 
iaoButylcitraconic acid, 573 
Butyl isocyanide, 294 
Butylene, 107 

glycol, 363, 364 

i«oButylene glycol, 363 

chlorohydrin, 370 

Butylene hydrate, 146 
oxide, 368 

Butylene-pentacarboxylic ester, 678 
Butylene sulphide, 173 
<cr<.-Butylethylene, 107 
Butylfumaric acid, 574 
Butylglyceric acid, 594 
i«oButylglycerol diethylin, 586 
<crt.-ButylgIyoximo, 407 
Butyl halides, 163 
r«oButylhydantoic arid, 500 
t«oButylhydantoin, 500 
/«oButylideneacetone, 273 
iaoButylitacoiiic acid, 573 
l>t-ter<.-Butyl ketone, 265 
i«oButylmalonic acid, 546 
n-Butylmalonic acid, 546 
«ec.-Butylmalonic acid, 546 
n-Butyl mercaptan, 172 
uoButylmeaaconic acid, 574 
i#oButyl nitrate, 166 
Butyl nitrite, 166 
Butylpsewc^onitrolc, 184 
woButyl orthocarbonate, 484 
isoButylphosphine, 207 
7>oButylpyroracemic acid, 464 
Butyl selenomercaptan, 177 
tifoButylsuccinic acid, 549 
Butyl sulphide, 172 
n-Butyl sulphide, 172 
isoButyltetronic acid, 600 
isoButyl vinyl ketone, 273 
woButyraldazine, 253 
isoButyraldehyde, 238 
n-Butyraldehyde, 238 
iaoButyraldoxime, 251 
Butyrainide, 324 
iaoButyramide, 324 
iaoButyric acid, 303, 304 
n-Butyric acid, 303, 304 
Butyric acid esters, 314 
7>oButyric acid esters, 314 
Butyric anhydride, 319 
isoButyric anhydride, 319 
Butyric fermentation, 689 
j^oButyric isovaleric aldol, 391 
Butyrobutyric acid, 480 
Butyroin, 394 
i/foButyroin, 394 
Butyrolactone, 427 
Butyrolactonecarboxylic acid, 605 
Butyrone, 264 
i«oButyrone oxime, 268 
n*Butyrone oxime, 268 
i«oButyronitrile, 327 
Butyrylacetic ester, 474 
Butyrylacetoacetic ester, 603 

methyl ester, 475, 603 

Butyrylbutyrlc ester, 474 
Butyryliaobutyric ester, 474 
iaoButyryliaobutyric ester, 474 
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Butyryl tsobutyrylacetic ester, 603 

chJoride, 317 

f/toButyryl chloride, 317 
Butyryl cyanide, 465 
uoButyryl cyanide, 465 
Butyrylforraic acid, 464 
ButyryJglutarlc acid, 625 
woButyryJglutarIc acid, 625 
Butyrylpyroracemic ester, 602 
i«oButyrylpyroraceniic ester, 602 
iffoButyrylurea, 500 


Cacodyl, 2il 

chloride, 211 

cyanide, 211 

disulphide, 211 

hydride, 21 1 

Cacodylic acid, 211 
Cacodyl oxide, 210 

sulphide, 211 

Cadaverlne, 886 

Cadmium, Alkyl derivatives of, 222 

methyl, 222 

Caffeine, 644 

diazo-bodies, 644 

Calciferol, 755 

Calcium, Alkyl derivatives of, 223 

carbide, 110 

ethyl iodide, 223 

Camphoronic acid, 647 
Cane sugar, 724 
Capric acid, 805, 306 

aldehyde, 238 

esters, 314 

Caprinamlde, 324 
Caprinoiie, 264 
Caproic acid, 305, 306 
n-Caproic aldehyde, 238 
n-Caprolc anhydride, 319 
Caprolactam, 451 
Caprolactone, 427, 428 
Caprolactone-cArboxyllc acid, 615 
Capronainide, 324 
n-Caprone, 264 
Capronoin, 394 

aci-t«o-Caproylacetaldehyde, 396 
Caproyl isobutyric acid, 479 
n-Caproyl chloride, 317 
n-Caprylamidc, 324 
Caprylic acid, 305, 306 

ketoxime, 268 

Caprylone, 264 
Caprylonitrile, 327 
Caramel, 725 
Carbamic acid. 490 

acid azide, 504 

— acid chlorides, 493 

esters, 491 

hydrazide, 503 

Carbamide, 494 

imidazide, 516 

Carbamidoi«obutyric a(!id, 500 
Carbamido-ethyl alcohol, 497 
Carbamidohydrazoaceti(t eater, 504 
Carbamidomalonylurea, 632 
Carbamidoxinie, 505 
(Arbamyl chloride, 493 

cyanide, 502 

('arbainylglycollic ester, 491 
Carbamyllactic eater, 491 
Carbamylthiocarbamyihydrazine, 511 
Carbazide, 504 
('arl>ethoxalycine, 492 
Carbethoxyacetoacetic ester, 475 
Carbethoxyalanlne, 492 
Carbethoxyglycerol carbonate, 584 
Carbethoxyglycylglycine ester, 492 
Carbethoxyhydroxycrotonic ester, 475 
Carbethoxyl i«ocyanate, 620 

thiocarbimide, 628 

Carbethoxyoxaloacetic ester, 666 
Carbinol, 186 
CarbodJazide, 504 
Carbodilmide, 528 


I Carbodithioic acids, 320 
Carbohydrates, 721 
I Carbohydrazlde, 604 
Carbohydrazidine, 541 
Carbollgases, 756 

Carbomethoxyarnlnopropionic ester, 653 
Carbomethoxyglycine, 492 
Carbon dioxide, 482 

disulphide, 487 

Car bond! thioic acid, 489 
Carbon-dithloUc acid, 488 
Carbonic acid amides, 490 

acid esters, 483 

acid, sulphur derivatives, 487 

Carbon monosulphide, 293 

monoxide, 292 

Carbon-monoxide-heemoglobin, 748 
Carbon oxychloride, 486 

oxysulphide, 487 

suboxide, 543 

tetrabroinide, 485 

tetrachloride, 484 

tetrafluorlde, 484 

tetraiodide, 485 

Carbonthlonic acid, 488 
Carbonyl bromide, 486 

chloride, 486 

Carbonyldiacrylic acid, 626 

Carbonyldiinethacrylic. acid, 626 

Carbonyldimethylurea, 502 

Carbonyldiurea, 602 

Carbonyldiurethane, 502 

Carbonylenes, 270 

Carbonyl fluoride, 486 

Carbotetrinic ester, 661 

Carbothiacetonine, 509 

Carbothialdine, 507 

Carbothiollc acids, 319 

Carbothionic acids, 319 

Carbovalerolactamic acid nilrilc, (514 

Carbovalerolactonic acid, 605, 614 

Carboxyl group. Structure of, 277 

Carboxy succinic ester, 646 

Carbylamines, 293 

Carbyloxime, 294 

Carbyl sulphate, 377 

Carnauba wax, 314 

Carnine, 646 

(.Arnosine, 448 

(Carotene, 762 

Carotlnoids, 752 

Carubin, 733 

Casein, 747 

Caseinogen, 747 

Carbon, Combination of, with other elements, 84 

Determination of, 2 

Mlcroestlniation of, 7 

Carotene, 118 
Cellobial, 728 
Celloblose, 728 
Celloisobiose, 728 
Cellobiosldoglucose, 730 
Cellulases, 734 
Celluloid, 736 
Cellulose, 734 

constitution, 735 

Cellulose dextrin, 735 

formate, 736 

nitrates, 735 

Cephalins, 686 
Ceresine, 101 

Cerotic acid, 305, 307, 314 
Ceryl alcohol, 149 
Cetoleic acid, 350 
Cetyl alcohol, 149 

cyanide, 327 

ether, 158 

halides, 163 

Cetylmalonic acid, 547 
Cetyl sulphide, 172 
Chelidonic ester, 677 
ChemicabBadical theory, 21 
Cherry gum, 736 
Chlmyl alcohol, 586 
Chinese wax, 149, 314 
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Chiiiovose, 675 
Chltarlc acid, 714 
Chitin, 699, 737 
Chltonlc acid, 714 
Chltopyrrole, 737 
ChltoBainliie, 699 
Chitose, 699 
Chloral, 238 
Chloralacetamide, 323 
Chloralacetone, 394 
Chloral acetyl chloride, 244 

alcoholate, 241 

aldol, 689 

(Jhloral-ammoiila, 249 
Chloral cyanohydrin, 433 

diacetate, 244 

ethyl acetate, 244 

■ hydrate, 239 

hydroxyiainine, 251 

Chloralide, 421 
Cliloraliinides, 250 
('hloraloae, 696 
Chloraloxirne, 251 
Chloraliirethane, 492 
Chloretone, 418 
Chloroacetic acid, 334 
Cliloroacetoacetic ester, 476 
Chloroacetone, 265 
Chloroacetylcarbinol, 590 
Chloroacetylcyanoacetlc esters, 661 
Chloroacetylene, 124, 352 
Chloroacetylurea, 498 
Cliloroacrylic acid, 342 
Chloroallyl alcohol, 151 
Chloroainylaraine, 381 
Chlorobroinoinaleic acid, 570 
(Jhlorobiitylamine, 381 
Chlorobutyraldehyde, 240 
Chlorobutyric acid, 336 
Chlorocaifeinc, (i44 
(’hlorocarbonlc esters, 485 
CdiJorocitramallc acid, 659, 660 
(dilorocrotonic acid, 343, 344 
('hloroi«ocrotonic acid, 343, 345 
Clilorodiethoxyacrylic ester, 481 
Chloroditldoearbonio ethyl ester, 490 
(’hloroethane, 164 
Chloroethanesulphonic acid, 376 
('hloroethyl acetate, 244, 373 
(diloroethylainine, 381 
C'hloroethyldimethylamiiie, 381 
Chloroethyl ether, 157, 243 
Chloroethyl iinidoformyi cyanid(‘, 540 
Chloroethyl propionate, 244 
Ciiloroform, 290 
Chloroforniainide, 493 
Chloroformic esters, 485 
Chlorofumarlc acid, 669 
Chloroglutaconlc acid, 576 
Chlorogiutaric acid, 558, 614 
Chloroguamne, 642 
Cldoroheptylamine, 382 
Chlorohexylamine, 382 
Chlorohydroxyi«obutyric nitrile, 433 
Chlorohy droxy propio uacetal ,589 
Chlorohydroxysucciuic acid, (559 
Chloroimidocarbonic ethyl ester, 502 
Chloroiodoacrylic acid, 342 
Chlorolodofumaric acid, 670 
Chloroiodomethanesulphonic acid, 1 76 
Chlorolactic acid, 421 
Chioromaleic acid, 569 
Chlorornalic acid, 669 
Chloromaionic acid, 544 
Chloromalonic dialdehyde, 591 
Chloromethane, 164 
Chloromethyl acetate, 244 
ether, 243 

■ ethyl ether, 243 

propyl ether, 243 

ChloroniCrobutanol, 397 
Chloronitroethane, 182 
Chloronltroform, 186 
('hloronltromethane, 182 
Cliloronitropropane, 182 


Chloronltropropanol, 397 
Chlorot«anl£rosoacetone, 465 
Chloronltrosoethane, 183 
ChJoronltrosopropane, 183 
Chlorophenylhydrazido-acetic ester, 542 
Chlorophyll, 762 
Chlorophyllin, 752 
Chloropicrln, 486 
Chloropropanol, 370 
Chloroproplollc acid, 351 
Chloropropionic acid, 335 
; Chloropropionic aldehyde, 240 
1 Chloropropyl alcohol, 370 
I Chloropropyldlniethylainlne, 381 
j Chlorosuccinic acid, 655 
I Chlorosulphinic esters, 169 
I Chlorosulphonic esters, 1 68 
Chlorotheophylline, 644 
I Chlorotrlnitromethane, 186 
I Chlorovalerolactone, 479 
I Chloroxethose, 158 
: Chloroxlmido-acetic ester, 542 
Cholamine, 379 
pseMdoCholestane, 755 
Cholesterol, 754 
Cholestrophane, 629 
Cholic acid, 753 
Choline, 379 
♦soCholine, 380 

Chondroltinsulphuric acid, 738 
I Chondroproteins, 747 
; Chondrosamine, 700 
j C'hromogens, 02 
I Chromoisoinerism, 52 
(Jhroraopiiores, 61 
Chroinoproteins, 748 
i Chrysean, 541 
' Cinchoiiic acid, 666 
j Cineolic acid, 661 
Cls-trans isomerism, 41 
I Citracetic acid, 648 
, Citrachloropyrotartaric acid, 555 
I dtradibromopyrotartaric acid, 557 
I Citraconeins, 571 
Citraconic acid, 571 
! Citramalic acid, 611 
tUtrazinic acid, 048 
Citric acid, 664 
isoCitric acid, 666 
Citronellal, 255 
Clupanodonic acid, 355 
(Jlupein, 744 
Collagen, 745 
Collodion, 736 

Colour of organic substances, 61 
Compound radicals, 21 
Conlugated proteins, 746 
Conjugated systems, 28 
Co-ordinate covaleni y, 31 
Coproporphyrin, 750 
Coprostane, 755 
(y'oprosterol, 755 
Coumalic acid, 616 
Coumalin, 454 
Creatine, 513 
Creatinine, 514 
I Creatinol, 614 
Crotolactone, 453 
Crotonaldehyde, 254 
Crotonic acid, 343, 344 
•isoCrotonic acid, 343, 344 
Crotonyl alcohol, 151 
Crotonylene, 112 
Cryptopyrrole, 750 
Cryptopyrrolecarboxylic acid, 750 
Crystalline form, 54 
Cy amende, 518 
Cyanamide, 528 

carboxylic acid, 501 

Cyanamido(h[thiocarbonic acid, 525 
Cyanethenylamid oxime, 544 
Cyanic acid, 517 
i«oCyanlc acid esters, 519 
itfoCyanides, 293 
isoCyanilic acid, 294 
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Cyanlinldocarbonlc acid ether, 640 
Cyanimidodicarboxylic ester, 602 
Cyaniminoacetoacetic ester, 663 
Cyanimlnomethylacetylacetone, 403 
Cyanoacetic acid, 644 
Cyanoacetoacetlc ester, 619, 624 
Cyanoacetone, 476 
Cyanoacetonedlcarboxylic ester, 667 
Cyanoacetylene, 351 
Cyanoaconitic ester, 670 
Cyauocarbamic acid, 601 
Cyanocarbonlc esters, 540 
Cyanodlmethyiacetoacetlc ester, 024 
Cyanodlmethylaconitic ester, 070 
Cyanodimethylamine, 529 
Cyanofonn, 646 
Cyanoformic esters, 540 
Cyanogen, 540 

bromide, 522 

chloride, 522 

iodide, 523 

sulphide, 525 

^/fCMitoCyanogen sulphide, 525 
Cyanoglutaric ester, 647 
Cyanoguanidlne, 515 
Cyanohydrins, 432 

Cyanoiminomethylacetylacetone, 652 
Cyanoiminoi#o8Uccinic ester, 067 
Cyanoketopyrrolidone, 661 
Cyanomalordc ester, 646 
Cyanomethazonic acid, 433 
Cyanoisonitroso-acetamide, 296 
Cyanooxaloacetlc ester, 667 
Cyanooximinobutyric acid, 023 
Cyanopropiouic ester, 546 
Cyanoi^opropylglutaric ester, 647 
Cyanorthoformic ester, 540 
iwCyanotetrabromide, 516 
Cyanothioformamide, 641 
Cyanourea, 502 
«>oCyanoxide, 516 
Cyanuramide , 530 
Cyanuramine chlorides, 531 
Cyanuramine dichloride, 531 
Cyanuric acid, 520 

amides, 630 

i«oCyanuric acid esters, 521 
Cyanuric bromide, 523 
— cliloride, 623 

esters, 521 

iodide, 523 

triacetate, 522 

tricarbonic ester, 522 

triurea, 522 

C:yanurodiamiiie monochloride, 531 
(Cyclic compounds, 87 

imines. 385 

Cysteine, 597 
’Jt^cysteine, 597 
Cysteinic acid, 697 
isoCysteinlc acid, 697 
Cystine, 697 
isoCystlne, 597 
Cytosine, 628 


Decamethylenediamine, 386 
Decamethylenediguanjdine, 613 
Decainethylene glycol, 365 
Decane, 98 

Decanedicarboxylic acid, 503 
Decanediol, 365 
Decanetetraone, 651 
Decarboxylases, 766 
Decenoic acid, 348 
Decenylglycerol dimethylin, 586 
n-Decoic acid, 305, 306 
Decoylacetic ester, 474 
Dehydracetic acid, 653 
isoDehydracetic acid, 626 
Dehydraceticcarboxylic acid, 623 
Dehydrocholic acid, 754 
Dehydromucic acid, 718 
Denaturation of proteins, 740 
Density of organic substances, 56 


Desmotropy, 48 
Desoxalic acid, 678 
Desoxyarabinose, 674 
Desoxy cholic acid, 753 
Desoxyfulminurlc acid, 296 
Desoxyglucose, 696 
Desoxy heteroxanthine, 643 
Desoxyribose, 651 
Desoxytheobromine, 643 
Desoxyveronal, 631 
Deuteroporphyrln, 750 
Dextrin, 733 
Dextrose, 092 
Diacetalylamine, 392 
Diacetamide, 824 
Diacetoadiplc acid, 664 
Dlacetoisobutyric ester, 608 
Diacetobutyric methyl ester, 603 
Diacetoglutaric acid, 664 
Diacetohydrazine, 324 
Diacetonamine, 274 
Diacetone alcohol, 395 

alkamine, 381 

arabitol, 071 

dulcitol, 681 

Diacetonefructose, 698 
Diacetonegalactose, 697 
Dlacetone hydroxylamine, 275 
Diacetonemannose, 692 
Diacetone peroxide, 265 
Diacetopropionic ester, 603 
Dlacetoaucclnic acid, 663 
Diacetoxymalonic ester, 618 
Diacetyl, 402 

osazone, 409 

osotetrazone, 409 

osotriazone, 409 

phenylhydrazone, 409 

semicarbazone, 408 

Diacetylacetic ester, 602 
Diacetylacetoacetlc acid, 653 
Diacetylacetone, 693 
Dlacetyl acetylhydrazone, 408 
Diacetylbromoglycurolactone, 710 
Diacetylbutane, 405 
Diacetyl creatine, 514 
Diacetyl cyanide, 464 
Diacetyldiketoadipic acid, 719 
Diacetyldioxline, 407 
Diacetylenedlcarboxylic acid, 578 
Diaoetylene, 117 
Diacetylethane, 405 
Diacetylethylenediamine, 384 
Dlacetyl orthonitrlc acid, 317 
Diacetylpentane, 406 

dioxlme, 408 

Diacetyl peroxide, 319 
Diacetylpyroracemic acid, 062 
Diacetylracemlc dimethyl ester, 656 
Dlacetyltartaric dimethyl ester, 058 
Diacetylurea, 498 
Dialdan, 390 
Dlaldehyde ketones, 592 
Dialdehydes, 398 

Hydrazine, Phenylhydrazine and Semi- 

carbazide derivatives, 408 
oximes, 406 

Dialkylamiuochlorophosphines, 200 
Dialky Icyanam ides, 529 
Dlalkylhydantoins, 600 
Dialkylhydroxyglutaric acids, 614 
Dialkylnitramines, 202 
Dlalkylsuccinic acids, 549 
Dlallyl, 117 
DIallylacetic acid, 864 
Diallylacetone, 276 
Diallylbutyrolactone, 464 
Diailylcarbinol, 152 
Diallylethylcarbinol, 163 
Diallylmalonic acid, 677 
Diallylmethylcarbinol, 152 
Diallylpropylcarblnol, 163 
Diallylthiocarbamide, 509 
Dlallyl urea, 497 
Dialuramide, 632 
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Dialuric acid, 631 
Diaminoacetic acid, 457 
Diaminoacetone, 500 
Diaminoadipic acid, 660 
Diaminoazelaic acid, 660 
Diaminobutane, 384 
Diaminobutyric acid, 597, 598 
Diaminocaproic acid, 598 
Diaminodiacetylvalcric ester, 719 
Diaminodiethyl sulphide, 382 
Diaminoethyl ether, 380 
Diaminoguaiiidine, 517 
Diaminohexane, 385 
Diamiiiomalonaniide, 618 
Diaminomethylbutane, 385 
Diaminomethylpentane, 384, 385 
Dlaminomonocarboxylic acids, 597 
Diamino-nonane, 385 
Diamino-octane, 385 
Diaminopontane, 385 
Diamino-propanol, 588 
Diaminopropionlc acid, 597 
Diaminopropylputrescine, 384 
Diaminosebacic acid, 660 
Dlamlnosuberic acid, 660 
Diamiuosuccinic acid, 659 
Diaminosulphonal, 382 
Diaminovaleric acid, 598 
Diisoamylarsenic acid, 212 
Diuoamylarsine, 212 
Diiaoamylarsine chloride, 211 
Diamylcyanamide, 529 
Diiaoamylene oxide, 368 
Diamylethylene glycol, 363 
Dltsoamylphosphine, 207 
Di-i#oamyl sulphate, 167 
Dianilinomalonic est-er, (518 
Dianllinonitropropane, 588 
Dianilido-oxalic ether, 541 
Dianiliiiopropanol, 588 
Dlanilinosuccinic ester, 659 
Diastase, 726 
Diastases, 732 

Diazoacetvlglycine ester, 458 
Diazoacetic acid, 458 
'i«oDiazoacetic ester, 458 
Diazoacetoacetic ester, 599 
Diazoaminomethane, 204 
Diazoaminoparattins, 204 
Diazobutyric ester, 465 
Diazocaffeine, 644 
Diazoisociiproic ester, 465 
Diazoethane, 252 
Diazoguanidine cyanide, 516 
Diazomethaiie, 251 

Dlazomethanedisulphonic acid, potassium 8alt,511 

Diazoparaltius, 251 

Diazopropionic ester, 465 

Diazosucclnamic methyl ester, 622 

DIazosuccinic ester, 622 

Dlazotetronic anhydride, 600 

Dibarbiturylmethylamine, 632 

Dibasic acids, 532 

Dlbenzal carbohydrazidine, 542 

Dibenzaldiaminoguanidine, 517 

Dlbenzal dulcitol, 681 

Dibromoacetaldehyde, 240 

Dibromoacetic acid, 335 

Dibromoacetoacetic ester, 476 

Dibromoacetone, 400 

Dibromoacetylacrylic acid, 481 

Dibromoacetylene, 125 

Dibromoacrylic acid, 342 

Dibromoadipic acids, 660 

Dibromo-alkyl acetoacetlc esters, 476 

Dibromobarbiturlc acid, 634 

Dibromobutane, 266, 372 

Dibromobutene lactone, 453 

Dibromobutyl ketone, 266 

Dibromobutyric acid, 336 

Dibromodiethylamine, 382 

Dibromoethyl alcohol, 144 

Dibromoethylene, 124 

Dibromomethyl ether, 244 

Dibromoethyl ketol, 591 


Dibromofluoroac^tic acid, 335 
Dibromofumaric acid, 670 
Dibromofuroxan, 296 
Dlbromoglutaric acid, 558 
Dlbromohexane, 373 
DibromolfiBvulinlc acid, 479 
Dibromomaleic acid, 570 
Dlbromomaleinaldehyde, 400 
Dibromomalonlc acid, 544 
Dibromomalonylurea, 634 
Dibromomethane diethyl sulphone, 490 
Dibromonitroacetamide, 433 
Dibromonitroacetic ester, 433 
Dibromonitroacetonitrile, 433 
Dibromonltroethane, 182 
Dibromonltromethane, 182 
Dibromonitropropane, 182 
Dibromopentane, 372 
Dibromophorone, 273 
Dibromopimelic acid, 562 
Dibromopinacolin, 400 
Dibromopropane, 266 
Dibromopropionic acid, 336 
Dibromopyrotartaric acids, 557 
Dibromopyruvic acid, 464 
Dibromosuccinaldehyde, 399 
Dlbromosucclnic acid, 556 
i«oDibroinosu(rciiiic acid, 556 
Dibromotetronic acid, 599 
Dibromovinylethyl ether, 158 
DiiHobutylaminochloroborlne, 201 
Dii«obutylamiiiochloroarsine, 201 
Dii«obuty laminochlorophosphine ,200 
Dli«obutylaminochloro8ilicane, 201 
Dii^obutylamlnosulphochlorophosphine, 201 
Diisobutylaminoxy chlorophosphine , 20 1 
Di-isobutylglycollic acid, 419 
DH«obutyl ketone, 264 
Di-i«obutyl sulphate, 167 
Dibutyryl, 365, 402 
Diisobutyryl, 402 
Dicaproyl, 402 
Dicnrbamidic ester, 501 
Dicarbethoxyglycerol, 584 
Dicarboxyaconitic pentamethyl ester, 678 
Dicarboxyglutaconic acid, 669 
Dicarboxyglutaric ester, 668 
Dicarboxylic acids, 532 
Dicarboxymethyltricarballylic ester, 678 
Dicarboxytricarballylic acid, 678 
Dicarboxyvalerolactone, 666 
Dichloral peroxide hydrate, 241 
Dichloroacetaldehyde, 240 
Dichloroacetal, 242 
Dichloroacetic acid, 334 
Dichloroacetoacetic ester, 476 
Dichloroacetone, 265, 400 
Dichloroacetylene, 125 
Dichloroacrylic acid, 342 
Dichlorobutane, 266 
Dichlorobutene lactone, 453 
Dichloroi«obutyl ketone, 266 
Dichlorobutyric acid, 336 
Dichlorodiethyl sulphide, 172 
Dichlorodimethylbutane, 266 
Dichloroethyl alcohol, 144 
Dichloroethylene, 124 
Dichloroethyl ether, 157, 244 
Dichlorohydantoin, 499 
Dlchlorolactic acid, 421 
Dichloromaleic acid, 569 
Dichloromalonic acid, 544 
Dichloromethylal, 242 
Dichloromethyl ether, 244 

sulphide, 172 

Dichloromuconic acid, 578 
Dichloropinacolln, 400 
Dichloropropane, 266 
Dichloropropionic acid, 336 
Dichloroiaopropyl alcohol, 390 
Dichloropropylene, 254 
Dichlorosuccinic acid, 556 
t«oDichloro8uccinic acid, 556 
Dichlorovinylethyl ether, 158 
Dichloroxalic esters, 538 
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Dicyandiamide, 615 
Dicyandlamidiue, 516 
Dicyanoacetoacetic ester, 667 
Dicyanoacetoacetic malonic ester, 719 
Dicyanobisacetoacetic ester, 719 
Dlcyanobisacetylacetone, 711 
Dicyanobismalonic acid, 720 
Dicyanoglutaconic ester, 670 
Dicyanomalonicacetoacetic ester lactam, 719 
Dicyanomalonlc ester, 667 
Dicyanopelargonic ester, 646 
Dicyanoproplonic ester, 646 
Dicyanoi^ovaleric ester, 646 
Dielectric constant, 67 
Diels-Alder reaction, 116 
Dl-epi-iodohydrin, 588 
Di-ethoxyacetic ester, 466 
Diethoxy-acetoacetic ester, 652 
Diethoxyacetone, 690 
Diethoxyacrylic ester, 481, 644 
Diethoxybutyric ester, 474 
Diethoxymalonic ester, 618 
Diethoxymethylene, 293 
Diethoxysuccinic eater, 621 
Diethylacetaiuide, 324 
Diethylacetic acid, 305 
Diethylacetoacetic ester, 474 
Diethylacetonedicarboxyllc ester, 624 
Diethylacetonitrile, 327 
aci-Diethylacetylacetaldehyde, 396 
Dlethylacetyl chloride, 317 
Diethylacetylene glycol dipropionate, 365 
Diethylalloxan, 634 
Dlethylamine, 197 
Diethylamlnoacetone, 397 
Diethylaminochloroborine, 201 
Diethylaminocldorophosphine, 200 
Diethylaminochlorosilicaiie, 201 
Diethylamiiiopropioiiltrlle, 444 
Dlethylaminosulphochlorophosphlne, 201 
Diethylaminoxycliloropho8])hine, 201 
Diethylarsenic, 211 
Diethylbarbituric acid, 631 
Diethyl beryllium, 218 
Diethylbutyrolactone, 428 
Dlethylcarbamyl chloride, 493 
Diethylcyauamide, 529 
Diethyldinitro-oxamide, 539 
Diethyldithlophoaphlnic acid, 208 
Diethylenediiniine, 387 
Dietliylene disulphide, 374 
Diethylenedisulphidethetine, 430 
Diethylene dlsulphone, 375 

^ycol. 363 

Diethylenelmliie oxide, 380 
Diethylene oxide, 367 
Diethylene oxide suJphone, 374 
Diethylcue tetrasulphide, 375 
Diethylethanetetracarboxylic ester, 608 
Diethyl formal, 242 
Diethylglutaric acids, 559 
Diethylglycldic ester, 695 
Dlethylglycocoll, 442 
DiethylglycolUc nitrile, 433 
Dlethylhydautoin, 600 
Diethylhydracrylic acid, 423 
Dlethylhydrazlne, 203 
Dlethylhydroxylamine, 205 
Diethylhydroxy thiourea, 511 
Diethyl ketazine, 269 

ketone, 264 

semicar bazone, 269 

Diethyllactlc acid, 419 
Diethylmalelc anhydride, 674 
Diethylmaionic acid, 546 
Diethylmalonurlc acid, 681 
Diethylmalonyl diurethane, 631 
Diethylmalonylmethylenedlamlde, 631 
Diethylmalonylthlourea, 631 
Diethylnltramine, 202 
Diethyl oxalic acid, 418 
Diethyloxamethane, 539 
Diethyloxamic acid, 589 
Diethyloxamlde, 539 
Dietbyloxetone, 690 


Diethylphosphlne, 207 
Dlethylsucclnlc acid, 550 
Dlethylsuccinlc acids, 660 

anhydride, 651 

Diethylsulphone dliodomethane, 490 
Diethylthiocarbamlde, 509 
Diethylthlolbutyrlc ester, 474 
Diethylthiolethylene, 374 
Diethyl tin, 216 

tin chloride, 215 

IMethylurea, 497 
Dlethylp^eurfourlc acid, 633 
Diethylviolurlc acid, 034 
Diethylxanthocheildonic ester, 677 
Diethylallylcarbinol, 152 
Dlethylcarbiiiol, 147 
Diethyl peroxide, 169 
Dlethylsllicon chloride, 214 

diethoxide, 214 

oxide, 214 

Diethyl sulphate, 107 

sulpliite, 169 

sulphone, 176 

thiosulphate, 177 

Difluoroacetic acid, 335 
Diformyl, 398 
Diformylhydrazine, 284 
Digalactosidoglucose, 730 
Digitoxose, 675 
Diglycide, 587 
Diglycollamic acid, 431, 443 
DiglycoUaniide, 431 
Diglycollic acid, 420 

anhydride, 420 

DiglycoUlde, 420 
Diglycollimide, 431 
Diglycylglycine, 448 
DiglycyJglycinecarboxylic acid, 493 
Dilialogenethylenes, 123 
Dihexosan, 730 
Dihydric alcoliols, 356 
Dihydroresorcyl, 626 
Dihydroxyacetoiie, 590 
Dihydroxyadipici acid, 600 
Dihydroxyaldehydes, 688 
Dihydroxybeheiiic acid, 594 
Dihydroxybutyl methyl ketone, 590 
Dihydroxybutyraldehyde, 589 
Dihydroxybutyric acid, 594 
Dihydroxyi«obutyric acid, 594 
Dihydroxy capraldeliyde, 589 
Dlhydroxycholanic acid, 753 
Dihydroxydiethylaniine, 380 
Diliydroxydimethyladipic acids, 661 
Dihydroxydiinethylglutaric acids, 660 
Dlhydroxyethyidiketopiperazine, 596 
Dihydroxyethyl peroxide, 241 
Dihydroxyglutaric acid, 660 
Dlhydroxyglutaric carboxylic acid, 678 
Dlhydroxyguaiddine, 517 
Dihydroxyketones, 590 
Dihydroxymaleio acid, 661 
Dihydroxymalonic acid, 617 
Dihydroxymethylheptanone, 690 
Dihydroxymethyl peroxide, 241 
Dihydroxy-monocarboxylic acids, 593 
Dlhydroxyisooctylic acid, 594 
Dihydroxypropanetrlcarboxylic acid, 678 
Dihydroxypropionlc acid, 593 
Dihydroxypropylmalonic acid, 053 
Dihydroxy pyrimidine, 628 
Dihydroxysebacic acid, 661 
Dihydroxystearic acids, 349 
Dihydroxysuberic acid, 661 
Dihydroxysuccinic acids, 653 
Dihydroxytartarlc acid, 662 
DLhydroxyundecoic acid, 594 
Dihydroxyvaleric acid, 594 
Dihydroxyvalerolactone, 652 
Di-imido-oxalic ether, 541 
Dliminobarbituric acid, 630 
Diiminotetraacetylbutane, 403 
Diiodoacetlc acid, 335 
Di-iodoacetone, 266 
Diiodoacetylene, 125 
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Dllodoacryllc acid, 342 
Dllodoethylene, 124 
Di-Iodofumaric acid, 670 
Diiodomalonic acid, 545 
Dliodomercuriethyl ether, 370 
Biiodomethanedisulphonic acid, potass! utii salt, 
490 

Diiodonltroethyleiie, 182 
Diketoadipic-dicarboxylic acid, 719 
Diketobehenlc acid, 352 
Diketohutaiie, 402 
Diketobutyl alcohol, 691 
Diketobutyric acid, 601 
Diketocarboxylic acids, 601 
Diketones, 401 

hydrazine, phenylhydrazine and senii- 

carbazide derivatives, 408 

oximes, 406 

Dikotopirnelic acid, 663 
Diketopiperazine, 387, 447 
Diketopiperazlnediacetamide, 610 
Diketopli)erazineB, 446 
Dlketostearic acid, 352, 602 
Diketovaleric acid, 602 

ester, 602 

Di-lactyl di-amide, 447 
DilcBVuiinic acid, 664 
Dilituric acid, 632 
Dimalonic acid, 667 
Dimethoxyheptaneol, 587 
Dimethoxy succinic acid, 668 
Dimethyl, 93 
Dimethylacetic acid, 304 
Dimethyl-acetoacetic amide, 475 
Dimethylacetoacetlc ester, 474 
Dimethyl-acetobutyric acid, 480 
Dimethylacetonedicarboxylic ester, 624 
Dimethylacetyleiie, 112 
Dimethylaconitic acid, 648 
Dimethylacrylic acid, 346 
Dimethyladiplc acid, 661 
a#-Dimethylallene, 114 
«2/7n-Dimethylallene, 114 
Dimethylalloxan, 634 
DimethylalJylcarbinol, 152 
Dimethylamine, 197 
Dimethylaminoacetone, 397 
Dimethylaminoacetonitrile, 441 
Dimethylaminobutene, 199 
Dimethylaminobutyric methyl ester, 449 
Dimethylaminoethauol, 379 
Dimethylaminoethyl ether, 380 
Dimethylaminopentene, 199 
Dimethylaminopropionic methyl ester, 448 
Dimethylaminovaleric methyl ester, 449 
Dimethyl-angelic lactone, 463 
Dimethyl arsenic, 211 
Dimethylarsenious acid, 211 
Dimethylarsine, 211 

trichloride, 211 

Dimethylaticonic acid, 575 
DImethylaziethane, 408 
Dimethylbarbituric acid, 630, 631 
Dimethylbishydrazimethylene, 408 
Dimethylbutadiene, 117 

oci-Dimethylci/ctobutanedionecarboxylic acid, 624 
Dimethylbutaneol, 149 
Dlmethylbutyrolactam, 451 
Dimethylbutyrolactone, 427 
Dimethylbut 3 rrolactone-dicarboxylic ester, 666 
Dimethylcarbamyl chloride, 493 
Dlmethylcarbinol, 146 
Dlmethylcitraconic anliydride, 573 
Dimethylcoumalic acid, 626 
Dlmethylcoumalin, 454 
Dlmethylcyanamlde, 529 
Dimethylcyanosuccinic ester, 646 
DimethylcyanotricarbaUyUc ester, 669 
Dimethylcyanuric acid, 521 
Dimethylpseiidocyanuric acid, 622 
Dimethyldlacetylacetone, 693 
Dimethyldi-acetylene, 117 
Dimethyldiacetylpyrazine, 591 
Dlmethyl-dlcyano-methyl-ammoniuin bromide, 
443 
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Dimethyldiethylammonium Iodide, 198 
Dlmethyldiethyltetrahydroftirfhran, 868 
Dlmethyldlhydroxyglutaric acid lactone, 624 
Dimethyl diketone, 402 
Dimethyldiketopiperazine, 447 
Dimethylene dulcitol, 681 
Dimethyleneimine, 386 
Dimethylenerhamnitol, 671 
Dimethylenesuccinlc acid, 678 
Dimethylethanetetracarboxylic ester, 668 
Dimethylethylacetic acid, 305 
Dlmethylethylacetonitrile, 327 
Dimethylethylacetyl chloride, 317 
Dimethylethylcarbinol, 147 
Dimethylethylene, 107 
Dimethylethylene glycol, 363 
Dimethylethylene oxide, 368 
Dimethyl-n-ethylguanidine, 512 
Dimethylethylhydracrylic acid, 423 
Dimethylethylmethane, 97 
Dimethyl-ethylpyrrole, 750 
Dimethylethyltrimethylene glycol, 364 
Dlmethylformocarbothialdine, 507 
Dimethylfumaric acid, 675 
Dimethylfurazan, 408 
Dlmethylfuroxan, 408 
Dimethylglucose, 696 
Dimethylglutaconic acid, 577 
Dimethylglutaric acid, 559 
Dimethylglycldic acid, 595 
Dimethyl glycocoll, 441 
Dimethylglyoxal, 402 
Dimethylglyoxlirie, 407 
Dimethylheptadiene, 117 
Dimethylheptenol, 152 
Dimethylhexadiene, 117 
Dimethylhexanediol, 366 
Dimethylhexlnenedioi, 366 
Dimethylhydantoin, 500 
Dimothylhydracrylic acid, 423 
Dimethylhydrazine, 203 
Dimethylhydroxytricarballylic lactone acid, 666 
DImethylhypoxanthine, 642 
Dimethyliodoamine, 200 
Dimethylisoxazole, 407 
Dimethylltaconic acid, 573 
Dimethyl ketaziue, 269 
Dimethylketen, 271 
Dimethylketol, 394 
Dimethyl ketone, 263 
DlmethyUeevulinic acid, 479 
Dimethylleevulinic methyl ketone, 405 
Dimethyl magnesium, 219 
Dimethylmalelc anhydride, 574 
Dlinethylmalic acid, 611 
Dimethylmalic lactone, 611 
Dimethylmalonic acid, 546 
Dimethylmesaconic acid, 574 
Dimethylmethyleneheptadiene, 117 
Dimethylnitramlne, 202 
Dimethyl-nitroso-hydroxy-urea, 505 
Dlmethyloxaloacetic ester, 621 
Dimethyloxamide, 539 
DimethyJoxetone, 590 
Dimethyloxypurlne, 643 
Dimethylparabanic acid, 629 
Dimethylparaconic acid, 612 
Dimethylpentaglycerol, 582 
Dimethylpentanediol, 364 
Dimethylpentanetriol, 682 
Dimethylpentanolone, 395 
Dlmethylphosphine, 207 
Dimethylphosphinic acid, 208 
Dimethylpimelic acid, 662 
DimethyK«opropylfulgenic acid, 578 
Dimethyhsopropylhydracrylic acid, 423 
Dimethylpropylmethane, 97 
Dlmethylisopropyltrimethylene glycol, 364 
Dimethyl-pyridone, 454 
Dimethylpyroracemic acid, 464 
DlmethylpyrroUdone, 461 
Dimethylpyrrylpropionic acid, 750 
Dimethylracemic acid, 660 
Dimethylsemicarbazide, 504 
Dimethylsorhic acid, 364 

3 D 
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Dimethylstannic oxide, 215 
Dimethylsuccinanil, 558 
DimethylBucclnanillc acid, 552 
Dimethylsuccinic acid, 550 

acids, 549 

anhydride, 551 

nitrile, 554 

Dimethylsucciniinide, 553 
Dimethylsuccinyl chloride, 551 
Dimethyl sulphat-e, 167 

sulphite, 169 

Dimethyl sulphone, 175 
Dimethyl tellurium oxide, 178 
Dimethyltellurone, 178 
Dimethyltelluronium iodide, 1 78 
Dimethylthetine, 430 
Dimethylthetinedicarboxylic acid, 430 
Dimethyltetrahydrofurfuraii, 368 
Dimethyltetrahydropyronedicarboxyllc ester, 67' 
Dimethyltetramethyiene glycol, 365 
oxide, 368 

Dimethylthlosemlcarbazide, 511 
Dimethylthiourea, 609 
Dimethyltriacetic ester, 603 
Dimethyltriazene, 204 
Dimethyltricarballylic acid, 647 
Dlmethyltrimethylene glycol, 364 
Dimethyluracil, 629 
Dimethyluramil, 632 
Dimethyluric acid, 637 
Dimethyl/)«ei«fourlc acid, 632 
Dlmethylvalerolactone, 428 
Dimethyl violuric acid, 634 
Dimethylxanthine, 643, 644 
Dlnltro-acetic ester, 457 
Dinitrobutane, 185 
Dinltrocaproic acid, 476 
Dinitrodlisoamyl, 186 
Dinitrodii«obutyl, 186 
Dinitrodimethylbutane, 186 
Dinltrodimethylhexane, 186 
Dinltroethane, 185 
Diultrohexane, 185 
Dinltroniethane, 185 
Dinltroparafflns, 185 
Dinltropropane, 185, 186, 434 
Dit«onltrosoacetone, 592 
Dlnltro8odit«opropylacetone, 275 
Dlwonitrosobutyric ester, 602 
Di-wonitrosopropionic aeid, 601 
Dinitrotartaric acid, 658 
Diolefine alcohols, 152 
Dioxaloacetic ester guanidine, 622 
Dioxalosuccinic ester, 720 

lactone ester, 720 

Dioximinosucciulc acid, 662 
Dioxypurlne, 642 
Dloxypyridine, 576 
Dipeptides, 445 
Diphenylbispyrazolone, 663 
Diphenylsucclnlc acid, 550 
Dlpivaloyl, 402 
Dipropargyl, 117 
Dipropenylethylene glycol, 366 
Dlpropionyl, 365, 402 

cyanide, 465 

Dipropionylethane, 405 
Diitfopropyl, 97 

Dipropyiacetylene glycol dibutyrate, 365 
Dlpropylamine. 197 
Diwopropylamme, 197 
Dipropylaminosulphochlorophosphine, 201 
Di-n-propylaminoxychlorophosphlne, 201 
Dipropylbarbituric acid, 631 
Dipropyl beryllium, 218 
Dipropylcarbodiimide, 529 
Dipropylcyanamlde, 529 
Dlpropylethylene glycol, 363 
Dipropylgylcollic acid, 419 
Dipropylhydroxylamine, 205 
Diisopropylidenesucclnic acid, 578 
Dl-i«opropyI ketone, 264 
Di-w-propyl ketone, 264 
Dipropyl ketone diethyl acetal, 266 
Dipropylmalonic acid, 547 


Dipropylmalonuric acid, 631 
Dlpropylnltramine, 202 
Dii«opropylpho8phine, 207 
Dipropyl sulphite, 169 
Disaccharides, maltose type, 722 

trehalose type, 722 

Disacryl, 254 
Disilane, 214 

Distillation of organic substances, 58 
Dithioacetal, 247 
Dithioacetic acid, 320 
Dithloacetyl acetone, 403 
Dlthiobluret, 510 
Dlthiocarbalkylaminic acids, 506 
Dithlocarbamic acid, 606 
esters, 607 

Dithiocarbamyldiallylamine, 511 
Dlthlocarbamylhydrazine, 511 
Dithiocarbazinic acid, 511 
Dlthlocarbonic acid, 488 
Dlthlocyanlc acid, 624 
Dithlodiethylamine, 200 
DithiodiglycoUic acid, 430 
Dlthlodilactic acid, 430 
Dithiodimethylamine, 200 
Dlthiodi propionic acid, 430 
Dlthloglycol, 374 
Dithiolbutane, 374 
Dithiolethane, 374 
Dithio-6i8-malouic ester, 545 
Dlthiomelanurenic acid, 625 
Dlthio-oxamide, 541 
Dithiourazole, 511 
Dithiourethanes, 507 
Dlurethaneglyoxyllc acid, 492 
Dii>ovaleralglutaric acid, 578 
Dli«ovaleryl, 402 
Divlnyl, 116 

Divinylethylene glycol, 366 
Dixanthydrylurea, 496 
Docosane, 98 
Dodecane, 98 

Dodecauedi carboxylic acid, 563 
Dodecanediol, 363 
Dodecenoic acid, 348 
n*Dodecoic acid, 305, 306 
Dotriacontane, 98 
Dulcltol, 680 
i8oDulcitol, 675 
Dulcitol hexanitrate, 681 

pentanitrate, 681 

Dumas' method, 8 

Dutch Chemists, Oil of the, 372 


Edbstin, 745 
Eicosane, 98 

Eicosanedicarboxylic acid, 563 

Elcosyl alcohol, 149 

Elaeostearic acid, 354 

Elaidlc acid, 349 

Elaidin, 685 

Elastin, 746 

Elayl, 102 

Elayl chloride, 372 

Electric conductivity, 75 

Electricity, Action of, on carbon compounds, 83 

Electro-chemical theory, 21 

Electronic theory of valency, 29 

Electrovalency, 30 

Elementary organic analysis, 2 

Empirical formula, 23 

Enanthonltriie, 327 

Enzymatic syntheses, 768 

Enzymes, 755 

Epibromohydrln, 588 

Epichlorohydrin, 587 

Epiethylin, 588 

Epihydrin alcohol, 687 

Epihydrincarboxylic acid, 695 

Epihydrin-ether, 588 

Epihydrinic acid, 594 

Epiiodohydrin, 588 

Eplmeric change, 712 

Ergosterol, 755 
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Eruclc acid, 350 

■ “ ‘ ',350 

Erythrene, 110 
Erythritol, 640 

diacetoiie, 650 

dibonzal, 650 

dichlorohy drill, 650 

diformal, 650 

■ ether, 650 

tetraacetate, 650 

tetranitrate, 650 

Erythroamylose, 733 
Erythrodextrin, 733 
Erythroglucic acid, 651 
Erythroglucin, 649 
Erythronic acid, 661 
Erythrose, 650, 651 
ErytliruIoBe, 651 
Ester- condenBatioii, 467 
Esters of fatty acids, 310 

of mineral acids, 1 50 

Ethal, 149 

Ethanal, 236 

acid, 455 

Ethanalamlne, 392 
Ethane, 93 

Ethanecarhodithloic acid, 320 
Ethanecarbothiolic acid, 320 
Ethane-diacid, 535 
Ethane dinitrile, 540 
Ethanediol, 362 
Ethanedlsulphinic acid, 377 
Ethanedisulphoiilc acid, 248, 377 
Ethanehexacarboxylic acid, 720 
Ethanesulphonic acid, 1 76 
Ethanetetracarboxylic acid, 667 
Ethanetricarboxylic ester, 646 
Ethanol, 138 

acid, 414 

Ethanolol, 389 
Ethanoyl ciiloride, 316 
Ethene, 102 
Ethenyl amidlne, 329 

amidoxime, 330 

trichloride, 121, 122 

Ethers, 154 
Ethine, 108 
Etliionic acid, 377 
Ethoxalonitrolic acid, 542 
Ethoxalo-oxime chloride, 542 
Ethoxyacetaldehydc, 390 
Ethoxyacetic acid, 419 
Ethoxyacetoacetic ester, 600 
Ethoxyacetonitrile, 432 
Ethoxyacetylacetone, 591 
Ethoxyacroloin acetal, 399 
Ethoxyacrylic acid, 452 
Ethoxybutyric aldehyde, 390 
Ethoxybutyronitrile, 433 
Ethoxycrotonic acid, 453, 474 
Ethoxyfumaric acid, 621 
Ethoxyglutaconic acid, 624 
Ethoxylamine, 205 
Ethoxyhydroxybutyric acid, 594 
Ethoxy maleic acid, 621 

anhydride, 621 

Ethoxymalonic acid, 604 
Ethoxymethacrylic acid, 457 
Ethoxymethyleneacetylacetone, 592 
J^thoxyoxaloacctlc ester, 661 
Ethoxypropionic acid, 419 
Ethyl, 32 

Ethylacetic acid, 304 
Ethyl acetoacetate, 473 
Ethylacetoacetlc amide, 475 
Ethylacotoacetic ester, 474 
Ethyl-acetobutyric acid, 480 
Ethylacetoglutarlc ester, 624 
Ethylacetylene, 112 
Ethylacetylenecarboxylic acid, 352 
Ethylacetylenylcarbinols, 1 52 
Ethylacrylic acid, 346 
Ethyladipic acid, 561 
Ethyl alcohol, 138 
Ethylalleue, 114 


Ethyl allyl ketone, 273 
Ethylamine, 196 
Ethyl aminoethyl sulphide, 382 
Ethyl tert.-amyl ketone, 265 
Ethylarsine, 210 
Ethyl-arsenic, 210 
Ethylarsenic acid, 210 
Ethylazaurolic acid, 330 
Ethyl barbituric acid, 631 
Ethyl borate, 169 
Ethylboric acid, 216 
Ethyl bromide, 164 
Ethylbromomalonic ester, 546 
Ethylbutene lactone, 453 
Ethyl butenyl ether, 158 
Ethyl tert. -butyl ether, 158 
Ethylbutylhydroxylamine, 205 
Ethyl tert.‘butyl ketone, 265 
Ethylbutyrolactone, 427 
Ethyl cacodyl, 211 
Ethylcarbamylchloride, 493 
Ethyl carbon-monothiolic acid, 488 

carbylamine, 293 

chloride, 164 

chlorosulphinate, 169 

— — chlorosulphonate, 168 

Ethylcitraconic acid, 573 
Ethylcrotonic acid, 347 
Ethyli«ocrotonlc acid, 347 
Ethylcyanamlde, 529 
Ethyl isocyanide, 293 
Ethyldichloroamine, 200 
Ethyldichlorophosphlue, 208 
Ethyl disulphide, 173 
Ethylene, 102 

bromide, 372 

bromohydrin, 370 

chloride, 372 

chlorohydrin, 370 

cyanide, 554 

• cyanohydrin, 433 

Ethylenediamene, 384 
Ethylene diethyl suli)hi(]c, 374 

sulphone, 375 

Ethylenediguanidine, 513 
Jithylenedimalonic ester, 668 
Ethylene dimethyl sulphide, 374 
Ethylenedlnitramine, 384 
Ethylene dinitroiirea, 498 

dithioethylidene, 375 

Ethylenediurea, 498 
Ethylene ethylidene ether, 307 

lluorohydrin, 370 

glycol, 362 

glycollate, 420 

Ethyleneguanidiiie, 513 
Ethyleneimiue, 386 
Ethylene iodide, 372 

iodohydrin, 370 

lactic acid, 422 

mercaptan, 374 

methylene ether, 367 

nitrate, 373 

pseudonitroBide, 104 

oxide, 367 

dicarboxylic acid, 059 

oxonlde, 103 

selenocyanide, 525 

Ethylenesulphorilc acid, 176 
Ethylenetotracarboxylic ester, 6()9 
Ethylenethiocarbamide, 509 
Ethylenepset<<iothlourea, 510 
Ethyleneurea, 497 
Ethylenepsst4fltourea, 503 
Ethyleneurethane, 492 
Ethylethanetetracarboxylic ester, 668 
Ethyl ether, 166 
Ethylethylene, 107 
Ethylethylene glycol, 363 
Ethyl, Existence of, 82 
Ethylfumaric acid, 574 
Ethylglutaric acid, 558 
Ethylglyceric acid, 594 
Ethylglycerol, 582 
Ethylglyceroldichlorohydrin 583 
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Ethylglycerol diethyl ether, 686 
Ethyl riyclde ether, 688 
Ethyl^ycocoU, 442 
Ethylguanldine, 512 
Ethylhydantoin, 500 
Ethylhydracryllc acid, 423 
Ethylhydranine, 203 
Ethyl hydride, 93 

hydrogen peroxide, 158 

sulphate, 168 

Ethyl hydroxyethyl sulphide, 374 
Ethylhydroxy-hydrosorbic ester, 453 
Ethylhydroxylamine, 205 
Ethyl-hydroxysorblc ester, 453 
Ethylhydroxy thiourea, 511 
Ethylhydroxyurea, 505 
Ethyl hypochlorite, 169 
Ethylideneacetoacetic ester, 481 
EthjdideneAP-et-one, 273 
Ethylidene bromide, 243 

chloride, 243 

cyanoacetic ester, 564 

diacetate, 244 

diethyl ether, 242 

mercaptal, 247 

sulphone, 247 

Ethylldenedimalonlc ester, 668 
Ethylidene dimethyl ether, 242 
EthylidenedlthioglycoUic acid, 429 
Ethylidenediurethane, 492 
Ethylideneglutaric acid, 577 
Ethylidene iodide 243 

lactate, 420 

lactic acid, 415 

Ethylidenemalonlc ester, 564 
Ethylideneraethylglutaric acid, 577 
Ethylidenemethylpyrotartaric acid, 575 
Ethylldenepropionic acid, 346 
Ethylidene succinic acid, 546 
Ethylideneurea, 497 
Ethylidenimine, 249 
Ethyllmldochlorocarbonic ester, 502 
Ethyl iodide, 164 
Ethylitaconlc acid, 573 
Ethylketen, 271 
Ethylketencarboxylic acid, 481 
Ethyl ketol, 394 
EthyllaevuUnic acid, 479 
Ethylmaleic acid, 573 
Ethylmalic acid, 611 
Ethylmalonic acid, 546 
Ethyl mercaptan, 171 
Ethyl mercuric hydroxide, 223 
Ethylmesaconlc acid, 574 
Ethylmethylenearaine, 250 
Ethylmeth 5 'lglyceric acid, 594 
Ethyliiltraraine, 201 
Ethyl nitrate, 166 

nitrite, 166 

Ethylnitrolic acid, 184 
Ethylnltrosolic acid, 330 
Ethyl orthocarbonate, 484 
Ethyloxaloacetic ester, 621 
Ethyloxamic acid, 639 
Ethyloxychlorophosphlne, 208 
Ethylparaconic acid, 612 
Ethylphosphine, 207 
Ethylphosphonic acid, 208 
Ethylplperidone, 451 
Ethyl propenyl ketone, 273 
Ethylpropylacetic acid, 305 
Ethyl selenlde, 177 

selenomercaptan, 177 

Ethylsilicic acid, 214 
Ethylsllicon trichloride, 214 

triethoxide, 214 

Ethylsorblc acid, 364 
Ethylsuccinaldioxime, 408 
Ethylsuccinlc acid, 649 

anhydride, 651 

Ethyl sulphide, 172 
Ethylsulpbochlorophosphine, 208 
Etbylsulphonylacetic acid, 480 
Ethylsulphonylproplonlc acid, 430 
Ethyl sulphoxide, 176 


Ethylsulphuran, 375 

Ethylsulphurlc acid, 168 

Ethyl tartronic acid, 605 

Ethyl tellurlde, 178 

Ethyltetronlc acid, 600 

Ef hylthiocarbamic ethyl ester, 506 

lOthylthiocarbainides, 509 

Ethyl thiocarbonic acid, 488 

Ethyl thiolacetic acid, 429 

Ethylthiolcrotonic acid, 474 

Ethylthionamic acid, 200 

Ethyltricarballylic acid, 647 

Ethyltrimethylene oxide carboxylic acid, 695 

Ethylurea, 497 

Ethylpseiirfourea, 503 

Ethylurethane, 492 

Ethyl- valerolactam, 451 

Ethylvlnyl ketone, 273 

Ethylxanthogenic acid, 489 

Eubeanic acid, 541 

Exaltation (of molecular refraction), 67 
Eykmann’s method for molecular weight deter- 
mination, 20 


Fats and Oils, 309 
Fatty acids, 296 

Synthesis and degradation, 307 

subst^inces, 87 

Fehling’s solution, 657 
Fibrinogen, 745 
Fibroin, 746 
Flaveanic acid, 541 

Fluorescence of organic compounds, 64 

Fluoroacetic acid, 335 

Fluorochlorobromoforin, 292 

Fluorochloroform, 292 

Fluoroethylenes, 124 

Fluoroform, 292 

Fluoromethane, 164 

Formal, 242 

Formalazine, 253 

Fonnaldehyde, 233 

peroxide, 241 

sulphoxylate, 245 

Formaldoxime, 251 
Formal glycerol, 687 
Formalin, 233 
Formamide, 284 
Formamldine, 289 
Formamidoxime, 289 
Formaminoacetic acid, 442 
Formates, 283 

Formazylcarboxylic acid, 642 
Formazyl hydride, 289 
Formazylsulphonic acid, 511 
Formi«obutyric aldol, 391 
Formhydroxamic acid, 289 
Formic acid, Esters of, 283 
Formimldo-ethers, 288 
Formoguanamine, 531 
Formonitrile, 284 
Formonitroxime, 289 
Formoximinochloride, 289 
Formoxyacetonitrile, 432 
Forinylacetic acid, 456 
Formylacetoacetlc acid, 601 
Formylacrylic acid, 457 
Formylbutyric a(;id, 457 
Formyli«obut 3 Tlc acid, 467 
Formylbutyric acid phenylhydrazone, 461 
Formyl chloridoxime, 289 
Formyldiacetylmethane, 592 
Formylglutaconic acid, 616 
oci-Forraylglutaconic acid lactam, 616 
oci-Formylglutaconic acid lactone, 616 
Formylgly cocoll, 442 
Formylnydrazine, 284 
Fonnylmalonic acid, 615 
Formylmethylthlosemicarbazlde, 511 
Formyl-methylvaleric acid, 457 
Formylproplonlc acid, 467 

ester phenylhydrazone, 461 

Formylpyrotartaric ester, 616 
Formylsuccinic acid, 616 
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m-Formylsuccinic acid lactone, 61ft 

Formyltrisulphonlc acid, 292 

Formylurea, 498 

Formyl valine, 444 

Fractional distillation, 60 

Free radicals. Existence of, 32 

Fructofuranose, 698 

Fnictosamine, 700 

Fructosan, 699 

Fructose, 698 

v-Fnictose, 698 

Fructose phosphoric esters, 698 

Synthesis, 700 

Fructosecarboxylic acid, 715 
Fruit sugar, 698 
Fucose, 675 
Fucoxanthin, 753 
Fulgenic acid, 578 
Fulgide, 578 
Fulminic acid, 294 
Fulminuric acid, 296 
Fumaric acid, 565 

and maleic acids. Isomerism, 567 

— — dialdehyde, 399 
Fumarylglycidic acid, 659 
Fungisterol, 755 
Furaiiose, 690 
Furazan, 408 

Furazancarboxyiic acid, 601 
Furazandicarboxylic acid, 662 
Furazanpropionic acid, 601 
Furazans, 408 
Furfural!, 369 
Furodiazoles, 408 
Furoxan derivatives, 408 


Galactamne, 681 
Galactans, 736 
Galactochloral, 697 
Galactonic acid, 714 
Galactosan, 729 
Galactosazone, 697 
Galactose, 697 

aminoguanidine chloride, 697 

Galactosecarboxyllc acid, 715 
Galactose mercaptals, 697 

oxime, 697 

pentanitrat-e, 697 

phenylhydrazono, 697 

Galactosido-arablnose, 724 
Galactosidogalactoses, 729 
Galactosidoglu coses, 728 
Galactosido-glucosido-fructosc, 730 
Galacturonic acid, 716 
Galaheptitol, 681 
Galaheptonlc acid, 715 
Galaheptosamlnic acid, 715 
Galaheptose, 700 
Galalith, 233 
Galaoctonolactone, 715 
Galaoctose, 700 

Galapentahydroxypimelic acid, 719 

Gallisln, 692 

Galtose, 687, 699 

Gelatin, 745 

Gelbkreuz, 172 

Gentlanose, 730 

Gentlobiose, 728 

Geometrical isomerism, 41 

Geranic acid, 354 

Germanln, 499 

Germanium, Alkyl derivatives of, 214 

Glaucophanic acid, 601 

Gliadin, 745 

Globin, 749 

Globulins, 745 

Glucal, 696 

Glucamines, 681 

Glucofuranose, 693 

Glucoheptltol, 681 

Glucoheptonlo acid, 715 

Glucoheptose, 700 

Gluconic acid, 713 

Glucononitol, 681 


Glucononose, 700 
Glucooctltol, 681 
Glucooctonolactone, 715 
Glucooctose, 700 

Glucopentahydroxypimelic acid, 719 
Glucoproteins, 746 
Glucopyranose, 690 
Glucosamine, 699 
isoGlucDsamine, 700 
Glucosamlnlc acid, 714 
Glucosan, 696 
Glucosazone, 693 
Glucose, 692 

estimation of, 694 

synthesis of, 700 

y-Glucose, 693 
d/-Glucose, 696 
Z-Glucose, 696 
Glucosealdazine, 693 
Glucose aminoguanidine chloride, 694 
Glucosecarboxylic acid, 715 
Glucosedlphosphorlc acid, 695 
Glucose mercaptals, 696 
Glucose monacetone, 696 
Glucoseoxime, 693 
Glucose phenylhydrazone, 693 
Glucosephosphorlc esters, 695 
Glucose semicar bazone, 693 
Glucosidases, 756 
Glucosido-anhydroglucose, 730 
Glucosido-anhydromannose, 730 
Glucosido-arabinose, 724 
Glucosldofructoses, 724, 728 
Glucosido-fructosldo-glucose, 730 
Glucosidogalactose, 728 
Glucosidoglucoses, 724 
Glucosldomaltose, 730 
Glucosldomannoses, 728 
Glucosone, 686 
Glucosyl chloride, 696 
Glucuronic acid, 716 
Glutaconlc acid, 575 

anhydride, 576 

Glutamine, 614 
Glutaminic acid, 613 
Glutaric acid, 557 

semialdehyde, 457 

aldehyde, 400 

dIazide, 558 

dlhydrazide, 558 

peroxide, 558 

Glutarimlde, 557 
Glutathione, 597 
Glutazine, 624 
Glutlnic acid, 578 
Glutose, 687 
Glyceraldehyde, 588 
Glyceric acid, 593 
Glycerides, 584 
Glycerol, 580 

bromohydrln, 583 

carbonates, 584 

chlorohydrin, 583 

dibromohydrin, 583 

dlchlorohydrin, 583 

dilodohydrin, 583 

ethers, 686 

fatty acid esters, 684 

iodohydrin, 583 

trlbromohydrln, 583 

trichlorohydrin, 683 

Glycerolsulphurlc acid, 684 
Glycerophosphoric acids, 584 
Glycerose, 689 
Glyceryl chloride, 583 

nitrate, 583 

nitrite, 584 

trlurethaue, 588 

Glycide, 687 
Glycidlc acid, 694 

acids, 694 

Glycine, 440 

anhydride, 447 

Glycine-n-carboxylic anhydride, 492 
Glycocoll, 440 
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Glycocyamidlne, 613 
Glycocyamlne, 618 
Glycopen, 733 
Glycol, 862 

bromoacetin, 373 

chloroacetln, 373 

chlorohy drill, 370 

dlacetatc, 374 

diethyl ether, 366 

diformin, 373 

diiiitrat^, 373, 378 

dipalmitatc, 374 

distearate, 374 

esters, 369 

ethers, 366 

ethyl ether, 3(i6 

fluoroacetin, 374 

Glycolic acid nitrile, 432 

aldehyde, 389 

Glycoliminohydrin, 432 
Glycol lodoacetin, 373 
GlycoUaraide, 431 
Glycollic acid, 414 

esters, 419 

anhydride, 420 

Glycollogly collie acid, 420, 600 
Glycollyl azide, 432 

hydrazide, 432 

Glycollyliirea, 499 

Glycol methylene acetal, 367 

inonoacetate, 373 

Glycolylp>Toracemic acid phenylhydrazone, 600 

Glycols, 356 

Glycoluric acid, 499 

Glycolurll, 498 

Glycolyl Ruanidiue, 513 

Glycolylmalonic acid, 661 

Glycosides, 672 

Glycnronic acid, 716 

Glycyl-alanlne, 447 

Glycylaspartic anhydride. 610 

Glycylaspartyilenciiie, 610 

Glycylglyciiie, 447 

Glycylglycinecarboxylic acid, 493 

Glyoxal, 398 

blsRuanidine, 408 

Glyoxalcarboxylic acid, 600 
Glyoxal disemicar bazone, 408 
Glyoxalic acid, 465 
Glyoxaline propionic acid, 601 
Glyoxal osazone, 409 

OBotetrazone, 409 

Glyoxime, 407 
Glyoxyhaobutyric acid, 601 
Glyoxylic acid, 455 

oxime, 460 

phenylhydrazone, 461 

Glyoxylpropionic acid, 601 
Glyoxylthlocarbimide, 628 
Gossypyl alcohol, 149 
Grape sugar, 692 
Qrignard reagents, 219 
Guaiol, 255 
Guanamines, 531 
Guanazine, 617 
Guanazole, 515 
Guanidine, 512 
Guanidineglyoxylic acid, 628 
Guanidinoacetic acid, 513 
Guanldinocarboxylic ester, 515 
Guanidinopropionic acid, 514 
Guanine, 641, 642 
Guanoline, 515 
Guanylguanldlne, 615 
Guanylthiourea, 515 
Guanylurea, 615 
Gulonlc acid, 713 
Gulose, 696 
Gum, 736 

arable, 736 

Senegal, 736 

tragacanth, 736 

Gun-cotton, 736 


Hasmatin, 749 
Hsematln chloride, 740 
Hasmatinic acid, 760 
Haematoidin, 753 
Haematoporphyrin, 750 
Haemin, 749 
Haemochromogen, 749 
Heomoglobins, 748 
Haemoporphyrin, 750 
Haemopyrrole, 750 
Haemopyrrolecarboxylic acid, 750 
HaBmotricarboxylic acid, 647 
Halogen alkylamines, 199 

derivatives, 118 

fatty acids, 331 

Halogens, Determination of, 10 

Heat, Action of, on carbon compounds, 80 

Heat of combustion of carbon compounds, 78 

Hedonal, 491 

Hemicelluloses, 736 

Heneicosane, 98 

Hentriacontane, 98 

Heptaacetylbromolactoso, 729 

Heptaacetylchlorolactose, 729 

Heptaac^etylmethyllactosidc, 729 

Heptachloroethylideneacetone, 273 

Heptachloropropane, 266 

Ueptacosane, 98 

Heptadecane, 98 

Heptadecanedicarboxylic acid, 563 
n-Heptadecoic acid, 305 
Heptadienonedlcarboxylic acid, 626 
Heptaldehyde, 238 
Heptamethylene chloride, 373 
Heptamethylenediamine, 385 
Heptamethylene glycol, 365 

iodide, 373 

Heptane, 98 
Heptanedial, 400 
Heptauedione, 405 
Heptanehexacarboxylic acid, 720 
Heptanetetracarboxylic acid, 669 
Heptanotrlone, 593 
fleptatriene, 117 
isoHeptenoylacetic acid, 481 
Heptenyl amidoxime, 330 
H^tinic acid, 600 
n-Heptoic acid, 305, 306 
Heptoic ethyl ester, 314 
Heptolactam, 451 
Heptolactone, 427 
Heptolactone-acetic acid, 615 
Heptyl alcohol, 149 
Heptylamine, 197 
Heptyl halides, 163 
Heptylpropiolic acid, 352 
Hesperldin, 675 
Heterolcevulosan, 699 
Heteroxanthine, 643 
Hexaacetyl dulcitol, 681 
Hexabromoethane, 122 
Hexachloroethane, 121, 122 
Hexacontane, 98, 149 
Hexadecane, 98 
Hexadecyl alcohol, 149 
Hexadiene, 117 
isoHexaldehyde, 238 
Hexabenzoyl mannitol, 680 
Hexadecanedicarboxylic acid, 663 
n-Hexadecoic acid, 305, 306 
Hexadienediol, 866 
Hexadiene dioxide, 650 
Hexadiinenediol, 366 
Hexaerythritols, 650 
Hexaethoxydisilane, 214 
Hexaethyldisilane, 214 
Hexaethyldistannane, 216 
Hexaethylidenetetramine, 249 
Hexaethylmelamine, 531 
Hexahydric alcohols, 679 
Hexahydropyrazlne, 387 
Hoxahydropyridlne, 386 
Hexamethyldisilane, 214 
Hexamethylene bromide, 373 
chloride, 873 


Ham, 749 
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Hexamethylenediainine, 385 
Hexamethylene Rlycol, 365 
Hexamethyleneimine, 387 
Hexamethylene iodide, 373 
Hexamethylenetetramine, 248 
Hexainethylinelamine, 531 
Hexamethyltrlmethylenc glycol, 364 
Hexamine, 248 
Hexane, 97 
i«oHexane, 97 

Hexanedecacarboxylic ester, 720 
Hexanedial, 400 
Hexanediol, 365 
Hexanedione, 402, 405 
Hexanehexacarboxylic ester, 720 
Hexanetetracarboxylic ester, 669 
Hexanetrlol, 582 
Hexanitroethane, 187 
Hexanolide, 427 
Hexanolone, 395 
Hexatriene, 117 
Hexenaldchyde, 255 
i«oHexenoic acid, 347 
Hexenoic acids, 347 
Hexenyl aniidoxiinc, 330 
Hexinenediol, 366 
Hexinlc acid, 6(M) 

Hexitols, 679 
n-Hexoic acid, 305, ,306 
Hexoic acids, Esters of, 314 
Hexosans, 731, 736 
Hexoses, 683 

Constitution, 689 

Hexylamine, 197 
Hexyl alcohols, 149 
Hexylat iconic acid, 575 
Hexylcitraconlc acid, 573 
Hexylene glycol, 365 
— - oxide, 368 
Hexylglycerol diethyliii, .586 
Hexyl halides, 163 
Hexylitaconic acid, 573 
Hexylmesaconic acid, 574 
Hexylpropiolic acid, 352 

aldehyde, 255 

Hippurylaspartic acid, 610 
Histones, 744 
Homoaspartic acid, 611 
Homocholines, 380 
Homoconiinic acid, 450 

lactam, 451 

Homolsevulinic acid, 479 
Homologous series, 33 
Homomesaconic acid, 577 
Homopiperidic acid, 449 
Homopyruvyl pyruvic acid, 652 
Hordenin, 745 
Hudson’s rule, 711 
Hyalogens, 747 
Hydantoic acid, 499 
Hydantoln, 499 
Hydracetamide, 249 
Hydracetylacetone, 394 
Hydracrylic acid, 422 

nitrile, 433 

Hydracrylic aldehyde, 390 
Hydrate cellulose, 734 
Hydrazidicarbohydrazide, 505 
Hydrazidicarbonazide, 505 
Hydrazinecar boxy lie acid, 503 
Hydrazinedicarboxylic ester, 504 
Hydrazine valerolactone, 431 
Hydrazinoacetaldehyde, 392 
Hydrazinoacetic acid, 452 
Hydrazinoisobutyric acid, 452 
Hydrazino-fatty acids, 452 
Hydrazinopropionlc acid, 452 
Hydrazo-isobutyric acid, 452 
Hydrazodicarbonamide, 504 
Hydrazodlcarbonamldine, 516 
Hydrazodicarbonic ester, 504 
Hydrazodicarbonlmlde, 505 
Hydrazo-fatty acids, 462 
Hydrazoformamide, 604 
Hydrazone, 253 


Hydrazones, 252 

Hydrazopyrazolonecarboxylic acid, 663 
Hydrocarbons, Halogen derivatives, 118 
Hydrochelidonic acid, 625 
Hydrocyanic acid, 284 
Hydrocyanic acid salts, 286 
Hydrocyanurlc acid, 631 
Hydroferrocyanlc acid, 288 
Hydrogen, Active, Estimation of, 11 

Determination of, 2 

Mlcroestlmation of, 7 

Hydrogen cyanide, 284 
Hydroglucal, 696 
Hydromuconic acids, 577 
Hydrosorbic acid, 347 
isoHydrosorbic acid, 347 
Hydrouracil, 500 
Hydroxamic acids, 329 

oximes, 330 

Hydroximic acid chlorides, 329 
Hydroxyacetic acid, 414 
Hydroxyacetoacetic-carboxylic acid, 661 
Hydroxyacetone, 393 
Hydroxy-acids, 410 
Hydroxy acids, amides, 431 
Hydroxy-acids, Anhydride formation of, 419, 424 
Hydroxy acids, azides, 432 

— hydrazides, 432 

Hydroxy acids, imidohydrins, 431 
Hydroxy-acids, nitriles, 432 

sulphur derivatives, 429 

Hydroxyac^llc ester, 456 
Hydroxyadipic acid, 615 
Hydroxy-aldehyde-ketones, 591 
Hydroxyaldehydes, 389 
Hydroxyalkylamines, 378 
Hydroxy-amino-carboxylic acids, 595 
Hydroxyaminoglutaminic ester, 624 
Hydroxyaminopropionacetal, 589 
Hydroxyarainopropionic acid, 596 
Hydroxyaminosuccinic acid, 659 
Hydroxyasparagines, 659 
Hydroxyaspartic acid, 659 
Hydroxy azelaic acid, 626 
Hydroxybehenlc acid, 429 
Hydroxyt«obutyl Imidohydrin, 432 
Hydroxy-<er<.-butylacetic acid, 419 
Hydroxybutyraldehyde, 390 
Hydroxyiwbutyraldehyde, 390 
Hydroxybutyric acid, 418, 423 
Hydroxyisobutyric acid, 418, 423 

nitrile, 433 

Hydroxycaffeine, 645 
Hydroxy capraldehyde, 391 
Hydroxycaproic acid, 418, 423, 429 
Hydroxyisocaproic acid, 418, 423 
Hydroxy caprolactone, 595 
Hydroxyi^ocaprolactone, 595 
Hydroxycaprylamide, 431 
Hydroxycaprylic acid, 419 
Hydroxycitric acid, 678 
Hydroxycholanic acid, 753 
Hydroxy-dialdehydes, 591 
Hydroxy-dicarboxylic acids, 604 
Hydroxy-diethylacetic acid, 418 
Hydroxydiethylbut>Tic acid, 423 
Hydroxy-diketones, 591 

Hydroxy-dimethylaminoacetdimethylamide, 458 
Hydroxydimethylglutaric acid, 615 
Hydroxydimethylglutolactonic acid, 614 
Hydroxy-dimethyl-pentenoic acid, 453 
Hydroxy-dipropylacetic acid, 419 
Hydroxy-di-i«opropylacetic acid, 419 
Hydroxyethanesulphonic acid, 375 
Hydroxyethylamine, 379 
Hydroxyethylbutyric acid, 423 
Hydroxyethyl carbaraic anhydride, 492 
Hydroxyethylraalonic ester, 605 
Hydroxyethyltrimethylammonium hydroxide, 
379 

Hydroxyfumaranilic acid, 620 
Hydroxyfumaric acid, 620 
Hydroxyfurazanacetic acid, 622 
Hydroxyfurazancarboxylic acid, 622 
Hydroxygluconic acid 716 
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Hydroxyglutaric acid, 613, 614 
Hydroxy isoheptoic acid, 423 
Hydroxyi«oheptolactone, 595 
Hydroxyhexadeceneoic acid, 454 
Hydroxyhydantoincarboxylic acid, 634 
Hydroxy-hydrosorbic acid, 453 
Hydroxyisoxaroledicarlxixylic ester, 624 
Hydroxy-keto-carboxylic acids, 598 
Hydroxyketones, 893 
Hydroxylactones, 477 
Hydroxylsevulinlc acid, 600 
Hydroxylaininoacetic acid, 434 
Hydroxylamlno-terC.-butylglycerol , 650 
Hydroxjdaniinobut>Tic acid, 434 
Hydroxylamlnoj>obutyric acid, 434 
Hydroxylamino-fatty acids, 434 
Hydroxylauric acid, 419 
Hydroxyloxarnide, 540 
Hydroxymaieic acid, 620 
Hydroxy maleic anhydride, 620 
Hydroxymaleinanilic acid, 620 
Hydroxymalonic acid, 604 
Hydroxymethanesulphonic acid, 247 
Hydroxymethyladipic acid, 615 
Hydroxymethylbutyric acid, 418, 423 
Hydroxymethyleneacetic ester, 456 
Hydroxymethyleneacetoacetic ester, 60 1 
Hydroxymethyleneacetone, 396 
Hydroxjmiethyleneacetylacctone, 592 
Hydroxymethylenediethy] ketone, 396 
Hydroxymethylene ketones, 396 
Hydroxymethylenemalonic ester, 615 
Hydroxymethylenepropionio acid, 457 
Hydroxymethylenesuccinic ester, 616 
Hydroxymethylerj^thritose, 675 
Hydroxy-methyh^fopropylacetic acid, 419 
HydroxymethylpropylbutjTic acid, 423 
Hydroxymethylurethane, 492 
Hydroxymethylvaleric acid, 423 
Hydroxy myristic acid, 419 
Hydroxynicotinlc acid, 616 
Hydroxynonadecaldehydc, 391 
Hydroxyi«ooctolactone, 595 
Hydroxy ifioocty lie acid, 423 
Hydroxypalmitic acid, 419 
Hydroxyparaconic acid, 660 
Hydroxypentenoic acid, 452 
Hydroxypivalic acid, 423 
Hydroxyproline, 652 
Hydroxy propionic acid, 415 

aldehyde, 390 

Hydroxypyroracemic acid, 598 

aldehyde, 591 

Hydroxypyrotartarlc acid, 61 1 
Hydroxypyrrolidinec^rboxylic acid, 652 
Hydroxysebaclc acid, 615 
Hydroxystearlc acid, 419, 429 
Hydroxysucclnic acid, 605 
Hydroxyi«osuccinlc acid, 604, 605 
Hydroxytetxahydrofurancarboxylic acid, 652 
Hydroxytetrlnlc acid, 571 
Hydroxytricarballyllc acid, 664, 678 
Hydroxytrimethyladipic acid, 615 
Hydroxyirlmethylglutaric acid, 615 

dinitrile, 614 

Hydroxytrimethylglutolactonic acid, 614 
Hydroxy-trimethylsuccinlc acid, 611 
Hydroxyundecoic acid, 429 
Hydroxyurea, 505 
Hydroxyurethane, 505 
Hydroxyvaleraldehyde, 391 
Hydroxy valeric acid, 418, 423 
Hydroxyt«ovalerlc acid, 418, 423 

nitrile, 433 

Hydroxsrvalerolactone, 595 
Hydroxyvalerolactone-carboxylic ester, 653 
Hydurillc acid, 634 
Hyodesoxycholic acid, 753 
Hypochlorous acid, Esters of, 169 
Hypogseic acid, 349 
Hypoxantbine, 641, 642 

IDONIO acid, 714 
Iditol, 680 

Idosaccharic acids, 717 


Idoses, 697 
Imldoallantoln, 628 
Imidocarbonlc ester, 502 
Imidochlorides, 327 
Imidodlcarboxyllc hydrazide, 504 
Imidodioxlmidocarbonic acid, 502 
Imido-ethers, 328 
Imido-oxalic ether, 541 
Imidothiodisiilphazolidine, 524 
Imino-acetoacetlc ester, 475 

nitrile, 476 

Imino-acetonltrlle, 443 
Imlnobarblturlc acid, 630 
Iminocarboxylic ester, 501 
Imlnodipropionlc acid, 444 
Iminosuccinic monoethyl ester, 659 
Insect wax, 314 

Intramolecular atomic rearrangements, 46 
Inulin, 733 

Itfivulin, 734 

lodoacctal, 242 
lodoacetaldehyde, 240 
lodoacetlc acid, 335 
lodoacetone, 265 
lodoacryllc acid, 342 
lodoallylene, 125 
lodohutyrlc acid, 336 
lodoisobutyric acid, 336 
lodoethane, 164 
I Todoethylamine, 381 
Iodoform, 291 
lodofumaric acid, 569 
lodoglutaric ester, 558 
lodolactic acid, 421 
lodomercuriethanol, 370 
1 Todomethane, 164 

j lodomethanedlsulphonic acid, potassium salt, 490 
j lodomethyl ether, 243 
lodopropiolic acid, 351 
; lodopropionic acid, 335 
: lodosochloro-chlorofu marie acid, 343 
, lodosuccinic acid, 555 
lodotetronlc acid, 600 
pseudo-Jonone, 276 
I Isaconic acids, 575 
1 Isethionlc acid, 375 
I Isologous series, 34 
! Isomerism, 34 
j Isoprene, 116 
I Isoxazole, 407 

I Isoxazolonehydroxamic acid, 622 
Itabromopyrotartaric acid, 555 
! Itachloropyrotartaric acid, 555 

f aeuctoltaconanilic acid, 612 
taconic acid, 571 

j Itadibromop^otartaric acid, 557 


Kammerkr’8 porphyrin, 750 
Keratin, 746 
Kerosene, 300 
Ketazines, 268 
Keten, 271 

Ketenacetalcarboxylic ester, 481 
Keten acetals, 271 
Ketencarboxylic acids, 481 
Ketens, 269 
Kctipic acid, 663 
Ketoaldehydes, 400 

hydrazine, phenylhydrazine and semicar- 

bazide derivatives, 408 
oximes, 400 

Keto- and Enol- forms, Estimation, 60 
Ketoazelaic acid, 625 
Ketobiityrlc acid, 406 
Ketoglutarlc acid, 623 
Ketonexoses, 698 
Ketohydroxystearic acid, 354, 600 
Ketoketens, 270 
Ketols, 303 
Ketomalonlc add, 617 

Ketomethylcaprolactone-carboxylic acid, 662 
Ketone acetals, 266 
Ketone-alcohols, 303 
Ketone bisulphites, 266 
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Ketone carboxylic acids, 461 

cyanohydrins, 433 

Ketone-dicarboxylic acids, 616 
Ketone halides, 266 
Ketones, 265 
— — unsaturated, 271 
Ketonlc acids, 461 

nitriles, 464 

Ketoplmellc acid, 625 
Ketoses, 682 

Ketostearic acid, 348, 480 
Ketosuccinic acid, 619 
Ketotetramethylpimelic acid, 625 
Keto valeric acid, 477 
Ketovalerolactone-carboxylic acid, 661 
Ketoximes, 267 
Kjeldahl’s method, 9 


LAOTALBUMIN, 745 
Lactamide, 431 
Lactams, 450 
Lactic acid, 415 

anhydride, 420 

esters, 419 

fermentation, 415, 688 

Metabolism, 417 

nitrile, 432 

Lactic aldehyde, 390 
Lactlde, 420 
Jjactimido, 447 
Lactimidohydrin, 432 
Lactobionic acid, 729 
liactones, 424 
Lactonlc acid, 714 
Lactosazone, 720 
Lactose, 728 

Ijactosecarboxylic acid, 720 
Lactosidoislucose, 730 
Lacturamic acid, 500 
Lactyllactic acid, 420 
Lactylurea, 500 
Leeluvic aldehyde, 400 
Laevoglucosan, 696 
I^vulin, 734 
Laovuiinic acid, 477 

hydrazide, 480 

oxime, 480 

phenylhydrazone, 480 

TiSevulochloral, 690 
Lrovulosan, 699 

trinitrate, 699 

LfiBvulose, 698 
Lauraldehyde, 238 
Lauramide, 324 
Laurie acid, 305, 306 

ethyl ester, 314 

Laurone, 264 
Lauronltrile, 327 
Lauryl amidoxiine, 330 

ketoxime, 268 

Lead, Alkyl derivatives of, 215 
Lecithins, 685 
I^egumins, 745 
Leiocome, 733 
Lepargylic acid, 562 
Leucic acid, 418 
Leucine, 444, 450 
i«oLeucine, 445 

Leuclne-w-carboxylic anhydride, 492 
Leucoturic acid, 634 
Leucylasparaginc, 610 
Leucylleucine, 448 
LeucylpenUglycylglycine, 448 
Leucylproline, 698 

Leucyltrlglycyl-leucyltriglycyl-leucyltriglycyl- 
leucylpentaglycylglycine, 448 
t>r»Llchenin, 733 

Light, Action of, on carbon compounds, 81 

Lignin, 737 

Llgnose, 784 

Llgroln, 100 

Linoleic acid, 354 

Llnolenic acid, 354 

LinoUc acid, 854 


Lipases, 756 
Liquid crystals, 57 
Litnium methyl, 223 
Lithocholic acid, 753 
Liver starch, 733 
Lutein, 752 

p««Mdo-Lutldo8tyril, 454 
Lycopene, 118, 752 
Lycoperdin, 738 
Lysldine, 884 
Lysine, 698 
Lyxonic acid, 676 
Lyxose, 675 


Magnesium, Alkyl derivatives of, 218 

alkyl halides, 219 

dialkyls, 219 

Magnetic rotatory power, 74 
Maleic acid, 666 

semialdehyde, 457 

anhydride, 566 

Maleinaldehyde tetraethylacetal, 399 
Malic acid, 605 
i«oMalic acid, 604 
Malonamic ester, 544 
Malonamide, 544 
Malondialdehyde, 399 

oximeanhydride, 407 

Malondiamidoximc, 544 
Malondihydroxamic acid, 544 
Malonic acid. 542 

anhydride, 543 

esters, 643 

ester imidoether hydrochloride, 544 

hydrazide, 644 

semi-amidoxime, 644 

seminitrile, 644 

Malonic semialdehyde, 456 
Malononitrile, 544 
Malonyl chloride, 544 

monoethyl eater. 544 

Malonyldimethylurea, 630 
Malonylguanidine, 630 
Malonylthiourea, 630 
Malonylurea, 630 
Maltobiose, 726 
Maltose, 726 
tAoMaltose, 728 
Malt sugar, 726 
Mannamine, 681 
Mannans, 736 
Mannite, 679 
Mannitol, 679 

dichlorohydrin, 680 

hexaacetate, 680 

hexanltrate, 680 

triacetoue, 680 

tribenzal, 680 

triformal, 680 

Mannoheptitol, 681 
Mannoheptonlc acid, 715 
Mannoheptose, 700 
Mannonic acid, 712 
Mannononouic acid, 716 
Mannononose, 700 
Mannooctitol, 681 
Mannooctonic acid, 715 
Mannooctose, 700 
Mannosaccharic acid, 717 
Mannose, 691 

Mannosecarboxylic acid, 715 
Mannose oxime, 692 

pentanitrate, 692 

phenylhydrazone, 692 

Mannotriose, 730 
Margaric acid, 306 
Margaric aldehyde, 238 
Marsh gas, 91 
Melam, 530 
Melamine, 530 
Melampyrin, 680 
Melanurenic acid, 530 
Melecitose, 780 
Melem, 530 
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MelezitoBe, 730 
MeUbiose, 729 
Melissic arid, 305, 307 
MellssyJ alcohol, 149 
Mclitose, 730 
Melitriosc. 730 
Mellon, 530 

Meltinp point of (»r^ra?iic siilwtancca, 50 
Mercapt-als, 247 

Mercaptan carboxylic acids, 429 
Mercaptaus, 170 
McrcaptoJea, 267 
Mcrcarbide, 537 

Mercury, Alkyl derivatives of, 222 

alJyJ alcohol iodide, 588 

iodide, 223 

«cc.- butyl, 223 

diethylene oxide, 370 

ethyl, 223 

iodide, 223 

methyl, 223 

iodide, 223 

propylene-glycol iodide, 588 

Mesachloropyro tartaric acid, 555 
Mesaconic acid, 571 
MesadibromopjTotartaric acid, 557 
Mesitene lactam, 454 

lactone, 454 

Mesitonic acid, 479 

phenyl hydrazone, 480 

Mesityllc acid, 614 
Mesityl nitrimine, 275 
Mesityl oxide, 273 

oxime, 275 

semicarbazone, 275 

sesquimercaptol, 395 

MesityloxJde oxalic acid, 603 
Mesobilirnbin, 753 
Mesobilirubinogen, 753 
MesoporphjTin, 750 
Me8oporph>Tlnogen, 750 
Mesotartaric aldehyde, 051 
Mesoxalic acid, 617 
Mesoxallc diaidehyde, 592 

semialdeh^’^de, 600 

Mesoxalylurea, 633 
Metacetaldehyde, 237 
Metacrolein, 254 
Metaformaldehyde, 236 
Metaldehyde, 237 
Metamerism, 34 

Metaphosphoric acid. Esters of, 170 
Metasaccharic acid, 717 
Metasaccharin, 076 
Metasaccharopeutoso, 676 
Methacrylic acid, 345 
Methsnal, 233 
Methane, 91 

Methanecarbothiolic acid, 320 
Methanedlsulphonic acid, 247 
Methanesulphonlc acid, 176 
Methanesulphonyl isoryanat^e, 520 
Methanetetracar boxy lie acid, 667 
Methane tricarboxylic acid, 646 
Mcthane-tripropionlc ester, 648 
Methanetrisul phonic acid, 292 
Methanol, 136 

Methanoltrisulphonic acid, 490 
Methazonic acid, 391 
Methenylbis-acetoacetic ester, 664 
Methenyl-bis-acetylacetone, 592, 651 
Methenylbismaionic ester, 669 
Methenylcarbohydrazide, 505 
Methionlc acid, 247 
Methionine, 697 
Methoxyacetic acid, 419 
Methoxyacetonitrile, 432 
Methoxybutyronitrile, 433 
MethoxycafFelne, 644 
Methoxycrotonlc ester, 474 
Methoxydimethylacetoacetlc ester, 600 
Methoxylamine, 205 
Methoxyl, Estimation of, 11 
Methoxymesityl oxide, 396 
Methoxymethyleneglutaconlc ester, 616 


Mcthoxyproidonic add, 410 
Methoxyl rlcarballyllc acid, 666 
Mcthylacctic add, 303 
Mcthylacctoac'ctJc amide, 475 

ester. 474 

nitrile, 475 

Mcthylacelobutyl alcohol, 395 
Mcfhi'Jacetopyrononc, 653 
Methylacetosuccinic ester, 622 
MethylacetyJene, 112 
MetliylaeetylenoearlKixylic acid, 352 
Met hy laeetylenyiearbi nols, 1 52 
Methyiacoidtic acid, 648 
I Methyladlpic acid, 561 
Methylal, 242 
Methyl alcohol, 136 

aldehyde, 233 

Methylallene, 114 
Methylallophanic ester, 503 
Methylalloxan, 634 
Methylallyl alcohol, 151 
Methyl allyl ketone, 273 
Mothylallylnitraminc, 202 
Methylallylthiosem icarbazide .511 
Methylaminc, 196 
Mcthylaniinoethyl sulphide, 382 
j Methyl -tert. -amyl ether, 158 
I Met liylarabinosido, 674 
y-Me,thylarjvl)inosi(le, 674 
Methyl-arsenic, 210 
Methylarsenic acid, 210 
Methylarsenoxide, 210 
Methylarsine, 210 

sulphide, 210 

I Methylasparagine, 611 
i Methylazide, 204 
I Methylbarblturic acid, 631 
Methylbiuret, 503 
Methyl borate, 169 

bromide, 164 

Methyl bromobiityl ketoue, 266, 395 
Methyl bromopropyl ketone, 395 
Methylbutadiene, 116 
i Methylbutanalone, 400 
: Methyl butanetricarboxylic ester, 647 
I Methylbutanolone, 394 
I Methylbuteuedicarboxylie add, 575 
; Methyl butene lactone, 453 
Mcthylbutylacetic acid, 305 
Methylbutylamine, 197 
i Methyl-tert.-butyl ether, 158 
Methylbutylglutaric acid, 559 
Methyli^obutylglutaric acids, 559 
Methyl-tert.-butylglycollic nitrile, 433 
Methylwbutylglyoxinie, 408 
Methylt«pbutylideneaniine, 250 
Methyl «ec.-butyl ketone, 264 

tert.-hutyl ketone, 264 

n-butyl ketoxime, 268 

tert.-hutyl ketoxime, 268 

Methylbutylnitramine, 202 
Methylbutyltetrazoiie, 204 
Methyl butyrolactone, 427 
Methylbutyrolactoueearboxylic acid, 605 
Methyl-isobutyrylvaleric acid, 480 
Methyl caprolactams, 451 
Methylcarbarayl chloride, 493 
I Methyl carbylamine, 293 
! Methyl chloride, 164 
! Methyl chloroamylamine, 381 
I Methylch]oro7«obutyl ketone, 266 
I Methyl chloroform, 121, 122, 330 
Methyl chlorosulphinate, 169 

! chlorosulphonate, 168 

Methylcitraconic acid, 573 
Methylcltraconic anhydride, 574 
MethyH»ocitrIc acid, 666 
M ethyl crotonlc acid, 346 
Methylcyanamide, 629 
Methyl cyanide, 327 

t«ocyanlde, 293 

Methyl decyl ketone, 264 
Methyldlazoimide, 204 
I Methyldicarboxyaconltlc ester, 678 
I Methyldichloroamine, 200 
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Methyldlchloroarglne, 210 
Methyl dlchloropropyl ketone, 402 
Methylcliethylacetle ac^icl, 305 
Methyldlethylmethane, 07 
Methyldihydroxyvaleraldehyde, 589 
Methyl disulphide, 173 
Methyl dodccyl ketone, 264 
Met hyleneacetone, 273 
Methy leneami noacet/onitrile, 441 
Methylene bromide, 243 

chloride, 243 

citric acid, 666 

cyanide, 544 

diacetate, 244 

Methylenediainene, 384 
Methylene diethyl ether, 242 

mercaptal, 247 

BUlphone, 247 

Methylenedimalonic ester, 668 
Methylene dimethyl ether, 242 

dii«onItramine, 184 

Methylenedisuccinic acid, 669 
Methylenediurethane, 492 
Methylene ethyl phenyl disulphone, 247 
Methyleneglucose, 69fi 
Methyleneglutaric acid, 577 
Methylene glycollate, 420 

iodide, 243 

lactate, 420 

Mcthylenenialonic estar, 5()4 
Methylenesuccinic acid, 571 
Methyleneurea, 497 
Methylcnitan, 699 
Methyl ether, 156 
Methylcthylacetaldehyde, 238 
Methylethylacetic acid, 303, 304 
Methylethyl-acctoacetic amide, 4 75 
Methylethylacetoacetic ester, 474 
Methylethylacetonitrile, 327 
Methylethylacetylcnc, 1 1 2 
Mothylethylacrolein, 255 
Methylethyladipic acid, 561 
Methylethylamine, 197 
Methylethylaticonic acid, 575 
Methylethylbutyrolactone, 428 
Methylethylcarbinol, 146 
Methyl ethyl diketono, 402 
a«-Methylethylene, 107 
«l/w-Methylethylcne, 107 
Methylethylenediguanidliic, 513 
Methylethyl ether, 1 58 
Methylethylethylene glycol, 363 
Methylethylonelmine, 38(5 
Methylethylethylene oxide, 3(58 
Methylethylfuroxan, 408 
Methylethylglutaric acid, 559 
Methylethylglycidic ester, 595 
Mcthylethylglycollic acid, 418 

nitrile, 433 

Methylethylglyoxlme, 407 
Methylethylhydantoin, 500 
Methylethylhydracrylic acid, 423 
Methylethylhydroxybutyric acid, 423 
Methylethylitaconic acid, 573 
Methyl ethyl ketazine, 269 

ketone, 264 

diethyl acetal, 266 

sulphone, 267 

seraicarbazone, 269 

ketoxlme, 268 

Methylethylmalelc anhydride, 574 
Methylethyl malic acid, 611 
Methylethylmalonic acid, 546 
Methylethylmelamine, 531 
Methylethyl nltramine, 202 
MethylcthyHsonitramiiie, 201 
Methylethyloxaloacetie ester, 621 
Methylethylphenylphosphine oxide, 209 
Methyl-ethylpyrrole, 750 
Methylethyl selenide, 177 
Methylethylsemicarbazide, 504 
Methylethylsuccinic acid, 550 

anhydride, 551 

Methylethylthetlue, 430 
Methylothylvalerolactone, 428 


Methyl fluoride, 164 
Methylfnictofuranosides, 699 
Methylfructoside, 698 
Methylfumaric acid, 571 
I MethyI-r/-galacto8irlc, 697 
I Methylglyoxirne, 407 
Methyl gloxalidine, 384 
Methylglucofuranoside, 694 
y-Methylglucoside, 693, 694 
Methylglucosides, 694 
Methylglutaconlc acid, 577 
Methylglutaric acid, 558 
Methylglutaric-carboxylic ester, 647 
Methylglutolactonlc acid, 614 
Methylglyceraldchyde, 589 
Methylgly ceric acid, 594 
Methylglycidic acid, 595 
Methyl glycocoll, 441 
Methylglycocyamidiiie, 514 
Methylgiycocyamine, 513 
Methylglyoxal, 400 

osazone, 409 

— — osotetrazone, 409 

OBotriazone, 409 

oxime, 407 

phenylhydrazone, 408 

phenylhycirazoxime, 409 

Methylguanidinoacetic acid, 513 
Methyl heptadecyl ketone, 264 
Methylheptanedione, 405 
Methyl heptanoltrione, 651 
Methylheptenone, 276 
Methylheptylamine, 197 
Methyl heptyl ket/ono, 264 
Methyl hexadecyl ketone, 264 
Methylhexenedicarboxylic acid, 575 
Methylhexose, 698 
Mcthyl-n-hexylacetonitrile, 327 
Methyl hexyl ketazine, 269 

ketone, 264 

Methyl-n-hexylpyrrole, 737 

Methylhydantoin, 500 

Methylhydracrylic acid, 423 

Methylhydrazine, 203 

Methyl hydride, 91 

Methyl hydrogen sulphate, 168 

Methylhydrouracil, 501 

Methyl hydroxy-hydrosorbic ester, 453 

Methyl hydroxylamiiie, 205 

Methylhydroxyurea, 505 

Methyl hypochlorite, 169 

Methyllmidodithiocarbonicdimethyl ester, 507 

Methylimldothlohiazoline, 511 

Methyl Iodide, 164 

iodouhloride, 164 

Methylisoxazole, 407 
Methylitaconic acid, 573 
Methylketcn, 271 
Methylketoglutacouic ester, 662 
Methyllsevulinaldioxime, 408 
MethylioBViilinic acid, 479 
Methylmaleic acid, 571 
Methyl malic acid, 611 
Methylmalonic acid, 546 
Methyl-rf-manuosidc, 692 
Methyl mercaptan, 172 
Methylmesaconic acid, 574 
Methylmethionic acid, 248 
Methylmethyleneamlne, 250 
Methylmethyluracil, 503 
Methylnltramlne, 201 
Methyl nitrate, 166 

nitrite, 166 

Methylnltrolic acid, 184, 289 
w-Methylnitrosourethane, 493 
MethyMtrourethane, 493 
Methyluonadienone, 276 
MethylnouylglycoUic acid, 419 
Methyl nonyl ketone, 264 

ketoxlme, 268 

Methyloctadlenone, 276 
Methyl orthocarbonate, 484 
Methyloxaloacetanil. 621 
Methyloxaloacetic ester, 621 
Methyloxamic acid, 539 
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Methyloxy purine, 643 
Methylparabanlc acid, 629 
Methyl par aconlc acid, 612 
Methyl pentadecyl ketone, 264 
Methylpenta methylene oxide, 368 
Methylpentanedlol, 364 
Methylpentanolone, 395 
Methylpentenaldehyde, 255 
Methylp>entenolc acid, 347 
Methyl ^rchlorodlthioformnte, 490 
Methylphenylpyridazolonc, 480 
Methylphosphine, 207 
Methylphosphonic acid, 208 
Methylpimelic acid, 562 
Methyl-piperidone, 451 
Methyl propaneol, 146 
Methylpropanetrlcarboxylic acid, 647 
Methyl propenyl ketone, 273 

i«opropenyl ketone, 273 

Methylpropiolaldehyde, 255 
Methyl-w-propylacetaldehyde, 238 
Methyl-n-propylacetylene, 112 
Methyh'^opropylacetainide, 324 
Methyl-n-propylacetinnide, 324 
Methylpropylacetic ac id, 305 
Methyl? «opropylacetic' acid, 305 
Methyliifopropyladlpic acid, 561 
Methylpropyla'llylcarl)inol, 1 52 
Methylprojjylamine, 197 
MethylpropylbutjTolactone, 428 
Methyh«opropylbutyrolactono, 428 
Methy It «opropy l-caprolactains ,451 
Methylwopropylca,prolactonp, 428 
Methylpropylcarbinol, 147 
Methyli^opropylcarbinol, 147 
Methylisopropyldecadienone, 276 
Methylpropyl ether, 158 
Methyl isopropyl ether, 158 
Methylpropylplutaric acdd, 559 
Methylisopropylglutaric acid, 558 
Methylpropylglyoxime, 407 
Methylpropylhydracrylic acid, 423 
Methyl propyl ketazine, 269 

ketone, 264 

isopropyl ketone, 264 

n-propyl ketone pheuylhydrazone, 269 

isopropyl ketoxime, 268 

n-propyl ketoxime, 268 

Methylpropylmalelc anhydride, 574 
Methyl isopropyl maleic anhydride. 574 
Methylpropylmalonlc acid, 546 
Methylisopropylinalonic acid, 546 
Methylpropylnitramlne, 202 
Methylisopropylsuccinic acidn, 550 
Methyl purines, 638 
Methylpyrazole, 409 
Methylpyridazinone, 480 
MethylpjTToUdlne, 38(5 
Methyl -pyrrolldone, 451 

Methylpyrrolidone-carboxylic acid nitrile, 614 
Methyl^micarbazide, 504 
Methylsorbic acid, 354 
Methylstanuouic acid, 215 
Methylsuccinlc acid, 648 

anhydride, 651 

Methyl sulphide, 172 

snlphoxide, 175 

Methyltsrtronlc acid, 604 
Methyl teUurlde, 178 
Methyl tetradecyl ketone, 264 
Methyltetrahydrofurfuran, 368 
Methyltetramethylene glycol, 304 
Metbyltetronlc acid, 599 

lactone, 652 

Methyltetrose, 651 
Methyl thlaldine, 247 
Methylthlolaminobutyric acid, 697 
Methylthlolethylamlne, 382 
liethylthiosemlcarbazide, 511 
Metbylthlouxea, 509 
Methyl tin trichloride, 215 
Methyltriaoetonamine, 274 
Methyltrlcarballylic acid, 647 
Methyl trldecyl ketone, 264 
Methyltrimethylene glycol, 304 


Methyltrimethyleneurea, 498 
Methyl undecyl ketone, 264 
Methyluracil, 628, 629 
Methyluramll, 632 
Methylurea, 497 
Methyl pse^idomnA, 503 
Methylurethane, 492 
Methylisouretiu, 289 
Methylurlc acids, 636 
Methylpsewcfouric acid, 632 
Methyl- valerolactam, 451 
Methylvalerolactone, 428 
Methyl vinyl ketone, 273 
Methylxanthlne-carboxylic acid, 645 
Methylxanthlnes, 643 
MethylxyloBide, 675 
Milk sugar, 728 
Millons reaction, 739 
Molasses, 725 
Molecular compounds, 26 

conductivity, 75 

dispersion, 67 

formula, 11 

refraction, 65 

rotatory power, 69 

weight. Determination of, 12, 13, 15 

Monobromoacetal, 242 
Monochloroacetal, 242 
Monochloroacetaldehyde, 240 
Monohydrio alcohols, 127 
Monoses, 683 

Monothio-5is-inalonic ester, 545 

Monotrimethylgliicose, 696 

Montanyl alcohol, 149 

Morpholine, 380 

Moss starch, 733 

Mucic acid, 718 

Mucilage, 736 

Mucins, 747 

Mucobromic acid, 467 

Mucochlorlc acid, 457 

Mucoidinsulphuric acid, 738 

Mucoids, 747 

Mucolactonic acid, 615 

Muconic acid, 577 

Murexan, 632 

Murexide, 635 

Muscarine, 379 

isoMuscarine, 392 

Mustard gas, 172 

oils, 526 

Mutarotation, 69 
Mycosin, 738 
Myosin, 745 
Myricyl alcohol, 149 

chloride, 149 

halides, 1 03 

palmitate, 314 

Myristamide, 324 
Myristic aldehyde, 238 

acid, 305, 306 

ethyl ester, 314 

Myristln aldoxime, 251 
Myrlstone, 264 
Myristyl amidoxime, 330 

ketoxime, 268 

nitrate, 166 

Myristonltrile, 327 


Naphthalenkbulpho-alanink, 443 

Naphthalenesulphoglyciiie, 442 

Naringln, 675 

Neftigll, 101 

Neroli oU, 137 

Neuridlne, 385 

Neurine, 199, 380 

Jfinhydrin reaction, 439, 740 

Nitramines, 201 

Nltramiiioacetlc acid, 451 

isoNitraminoacetlc acid, 462 

isoNltramlnoisobutyrlc acid, 452 

Nltramlno-fatty acids, 461 

Nitric acid, esters of, 165 
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Nitriles, 324 
isoNitriles, 208 
Nltrllomalonic acid, 544 
NitrllomaloTiimidoxime, 544 
Nitrllo-oxalic esters, 540 
Nitrilosuccinic dimethyl ester, 001 
Nltroacetaldehyde, 391 
Nitroacetamlde, 433 
Nitro-acetic ester, 433 
Nitroacetone, 39« 

Nltro-acetonitrile, 433 
Nitroaldehydes, 391 
Nitroaminoguanidine, 510 
Nitrobarbituric acid, 632 
Nitrobiuret, 502 
Nitrobromomalonic acid, 018 
Nltrobutane, 181, 182 
Nitroisobutylene, 182 
Nitro-tert.-butylglycerol, 650 
Nitroisobutyl glycol, 588 
Nltro-i«obutyric acid, 434 
Nitrobutyrlc est/cr, 434 
Nltrocarbamic acid, 493 
Nltrocelliiloses, 735 
Nitrochloroform, 485 
Nltrocyanacetamide, 296 
Nitro-dimethylacrylic acid, 454 
Nitroethane, 181 
Nitroethyl alcohol, 144, 378 
Nitroethyli«oiiitramine, 184 
Nitroethyl nitrate, 378 
Nitro-ethyliirea, 498 
Nitro-fatty acids, 433 
Nitroform, 186 

Nitrogen, Determination of, 7 

Stereochemistry of, 44 

Nitrogen carbonyl, 504 

tricarboxylic ester, 502 

Nitroglycerin, 583 
NltroglycolUc acid, 420 
Nitroguauldlne, 515 
Nltroiwhexylene, 182 
Nitrohydantoln, 499 
Nltroketones, 390 
Nitrolacetic ester, 542 
Nltrolactlc acid, 420 
yseudoNitroles, 183, 184 
Nltrolic acids, 183, 184 
Nitromalic acid, 007 
Nltromalonlc acid, 545 

dialdehyde, 591 

Nitromalonyldimethylurea, 032 
Nitromalonylurea, 632 
Nltromannitol, 680 
Nitromethane, 181 
Nltromethylbutane, 182 
Nitromethylhydantoin, 500 
Nltromethylraalonic ester, 545 
Nitronitrosobutauc, 184 
Nitronltrosoparattins, 184 
Nitronltrosopropane, 184 
Nitrooctane, 182 
NItrooctylene, 182 
Nitroparaflans, 178 
Nitropropane, 181, 182 
Nitropropanol, 378 
Nitropropionic acid, 434 

ester, 434 

Nitro-i«opropylacetone, 275 
Nltropropyl alcohol, 378 
NItroisopropyl alcohol, 378 
Nitropropylene, 182 
i«oNItrosoacetainlde, 433 
tsoNitrosoacetic acid, 460 
isoNltrosoacetoacetic ester, 602 
isoNltroso-acetone, 407 
isoNltrosoacetonedicarboxylic ester, 624 
Nitrosoalkylhydrazines, 203 
Nltrosoalkylhydroxylamines, 200 
Nitroso-amlnes, 201 
i^oNltrosobarbituric acid, 634 
Nltrosoisobutane, 183 
Nltrosoisobutyric acid, 434 
Nitrosocarbamic methyl ester, 493 
Nltrosochloroethane, 329 


isoNitrosocyanoacetlc acid, 618 
Nitrosodichloroethane, 329 
r>oNltroso-dlethyl ketone, 407 
Nitroso-dlethylurea, 498 
Nltrosodlmethylhydrazine, 203 
i«oNitro 80 -ethyl methyl ketone, 407 
Nitroso-fatty acids, 434 
Nitrosoguanidine, 515 
isoNltrosolflevuUnic acid, 602 
Nitrosollc acids, 330 
isoNitrosomalonic acid, 618 
isoNitroso-methyl isoamyl ketone, 407 

butyl ketone, 407 

isobutyl ketone, 407 

isocapryl ketone, 407 

Nitrosomethylhydrazine, 203 
Nltrosomethylhydroxylainine, 200 
isoNitrosomethylisoxazolone, 002 
isoNitroso-methyl propyl ketone, 407 
Nitroso-methylurea, 498 
Nitrosooctane, 183 
Nitrosoparaldimine, 249 
Nitrosotsopentane, 183 
isoNltrosopropionic acid, 465 
Nitroso-isopropylacetone, 275 
Nitrosoureas, 498 
Nitrosourethane, 493 
Nitrosoximes, 330 
Nltrotartaric acid, 658 
Nitrotetronlc acid, 600 
Nitrourea, 498 
Nitrourethane, 493 
Nitrous acid. Esters of, 166 
Nitro-isovaleric acid, 434 
Nomenclature of carbon compounds, 89 
Nonadecane, 98 
Nonamethylene glycol, 365 
Nonane, 98 

Nonane^carboxylic acid, 563 
Nonanediol, 365 
Nonenolc acid, 348 
Nonocoeane, 98 
n-NonoIe acid, 305, 306 
Nonoic ethyl ester, 314 
Nonyl alcohol, 149 
Nonylamlnes, 197 
Nonyl ketoxime, 268 
NonylpropioUc acid, 352 
Nucleic acids, 748 
Nucleins, 747 
Nucleohistone, 744 
Nucleoproteins, 747 


OCTACOSANEDICARBOXYLIC acid, 563 

Octadecane, 98 

Octadecenol, 152 

n-Octadecoic acid, 305, 300 

Octadienediol, 366 

Octadienone, 276 

Octadiinenedlol, 366 

Octaldehyde, 238 

Octamethylenediamine, 385 

Octane, 98 

Octanedial, 400 

Octanediol, 363, 365 

Octanedlone, 405 

Octanetetradecacarboxyllc ester, 720 
Octanetetraone, 651 
Octanolactam, 451 
iso-Octenolactone, 453 
Octoacetyllactose, 729 
Octobromoacetylacetone, 403 
Octocliloroacetylacetone, 403 
n-Octoic acid, 305, 300 
Octoic ethyl ester, 314 
Octomethylene glycol, 365 
Octyl alcohol, 149 
Octylglycerol diethylin, 586 
Octyl halides, 163 
Octylic anhydride, 319 
Octyl nitrate, 166 

nitrite, 167 

CEnantbal, 238 
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CEnanthaldoxime, 251 
CEnanthamide, 824 
lEnanthic acid, 805, 300 

anhydride, 319 

CEnanthoiie, 264 

Oil of the Dutch Chemists, 872 

Oieflant gas, 102 

Oiefine alcohols, 150 

Olefines, 101 

Oleic acid, 349, 350 

»>oOIeic acid, 350 

Oleic acid series, 337 

Oleyl alcohol, 152 

Ooporphyrin, 750 

Opsopyrrole, 750 

Optical rotatory power, 08 

Organic analysis, Elementary, 2 

Organometalilc comiMjunds, 217 

Ornithine, 598 

Omithuric acid, 598 

Orthoacetic trlethyl ester, 380 

Orthocarbonic esters, 484 

Ortho-fatty acid derivatives, 330 

Orthoformic esters, 290 

Ortho-oxalonitrilic ethyl ester, 540 

Orthophosphoric acid. Esters of, 170 

Orthopropionic ester, 330 

Orthothioformlc ester, 290 

Osazones, 409, 686 

Osmotic pressure, 15 

Osones, 686 

Osotetrazones, 409 

Osotriazones, 409 

Ovalbumin, 746 

Ovomucoid, 747 

Oxalamldlne, 541 

Oxalan, 630 

Oxalantin, 634 

Oxaldehyde, 398 

Oxalic acid, 535 

amides, 538 

ester-chlorides, 538 

— esters, 637 

ester nitrile oxide, 433 

phenylliydrazido-chloride, 542 

hydrazide, 540 

nitrile imido ether, 540 

Oxalimlde, 539 
Oxaloacetanilic acid, 620 
Oxaloacetic acid, 619 
oci- Oxaloacetic anhydride, G20 
Oxaloacetoacetic estt'r, 063 
Oxalobutyric ester, 621 
Oxaloi»obutyric ester, 621 
Oxalocitric lactone ester, 720 
OxaJocrotonic acid, 626 
Oxalodiacetlc acid, 663 
Oxalodiamidoxime, 542 
Oxalodiethylacetoacetic ester, 063 
Oxalodihydroxamlc acid, 542 
Oxalodi-imlde dihydrazide, 541 
Oxalodimethylacetoacetic ester, 603 
Oxaloleevulinic acid, 663 
Oxalomalonic ester, 666 
Oxalonitrile, 540 
Oxalopropionic ester, ()21 
Oxalosuccinic ester, 667 
Oxaluramide, 630 
Oxaluric acid, 630 
Oxalylblsacetylacetone, 711 
Oxalyl chloride, 538 
Oxalyldiacetone, 651 
Oxalyldiglycocoll, 539 
Oxalyldimalonic acid, 719 
Oxalyldlmethylethyl ketone, 051 
Oxalyldlmethylurea, 629 
Oxalylguanidlne, 630 
Oxalylmethylurea, 629 
Oxamazide, 540 
Oxamethane, 539 
Oxamic acid, 538 
Oxamide, 539 
Oxamidlnes, 329 
Oxamldoacetic acid, 539 
OxaxninJc hydrazide, 539 
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Oxazomalonic acid, 619 
Oxetones, 690 
Oxidases, 756 
Oxime-anhydride, 407 
Oxiininoacetlc acid, 460 
Oximinoadlplc ester, 625 
Oximinobutyric acid, 465 
Oximino-fatty acids, 465 
OxJminoketobutyroiaetone, 600 
Oximinomalonylurea, 634 
Oxlminomethyladipic eater, 625 
Oxlminoplmolic ester, 625 
Oxlminopropionic acid, 461, 465 
Oxlminosucclnic acid, 621 
Oxlmlnotetronlc acid, 600 
Oxyamluopyrimidine, 628 
Oxy-cellulose, 734 
Oxycltraconlc acid, 659 
Oxy haemoglobin, 748 
Oxylylurea, 629 
Oxynenriiie, 380, 442 
Oxypurine, 642 
Oxytetraldine, 254 
Ozokerite, 101 


Palmitamide, 324 
Palmitic acid, 305, 306 

— aldehyde, 238 

— anhydride, 319 
Palmltoleic acid, 349 
Palmitone, 264 
Palmitonitrlie, 327 
Palmityl amidoxime, 330 

ketoxlme, 268 

Pantochromy, 62 
Parabanic acid, 629 
Paracasein, 747 
Parachloralose, 696 
Parachor, 77 
Paraconic acid, 612 

acids, 612 

Paracyanogen, 541 
Paraffin, 100 
Paraffins, 91 
Paraformaldehyde, 236 
Paralactic acid, 417 
Paraldehyde, 237 
Paraldol, 390 

Pararu, 515 
Paramucic acid, 718 
ParamyJum, 733 
Parasaccharin, 676 
Parasorbic acid, 454 
Paratartaric acid, 655 
Parax an thine, 643 
1‘artial valency, 28 
Pectic acid, 737 
PectinoBo, 674 
Pectin substances, 737 
Pelargonamide, 324 
Pelargonic acid, 305, 306 

anhydride, 319 

Pelargonitrile, 327 
Pentaacetylfructose, 698 
Pentaacetylgalactose, 697 
Pentaacetylglucose, (i94 
Pentaacetyl-d-inaimose, 692 
Pentabcnzoylglucose, (i94 
Pentabromoacet<jne, 265 
Pentachloroacetone, 2(i5 
Pentachloroethane, 121, 122 
Pentaciiloroglutaric acid, 558 
l*entadecaldehyde, 238 
Pentadecane, 98 

Pentadecanedicarboxylic acid, 563 
n-Pentadecoic acid, 305 
Pentadecylamlne, 197 
Pentadiene, 114, 116 
Pentaerythrltol, 650 
Pentaglycerol, 582 

aldehyde, 589 

Pentaglycol, 864 
Pentaglycylglycine ester, 448 
Peutahydric alcohols, 671 
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Pentahydroxyaldehydes, 683 
Pentahydroxy-n-caproic acid, 712 
Pentahydroxycarboxylic acids, 711 
Pentahydroxyketones, 683 
Pentahydroxypimelic acid, 719 
Pentamethylene bromide, 373 

chloride, 373 

Pentamethylenediamine, 385 
Pentamethylene dicyanide, 562 
— — glycol, 365 
PentamethyJenelniine, 386 
Pentamethylene iodide, 373 

oxide, 368 

sulphide, 375 

Pentamethylethyl alcohol, 149 
Pentainethylguanidine, 613 
Pentanalone, 400 

Pentandlenonedicarboxyllc acid, 626 
Pentane, 97 
isoPentane, 97 

i«oPentanecarbodlthioic acid, 320 
Pentanediethyl sulphone, 267 
Pentanedimethyl sulphone, 267 
Pentanediol, 364, 365 
Pentanedlone, 402 
Pentanehexacar boxy lie ester, 720 
Pentanetetracarboxylic acid, 669 

ester, 668, 669 

Pentanetricarboxylic acid, 647, 648 
Pentanetriol, 582 
Pentanetrione, 592 
Pentanitromannitol, 680 
Pentanolide, 427 
Pentanolone, 394 
Pentanone acid, 477 
Pentatriacontane, 98 
Pentenetricarboxylic acid, 648 
Pentenoic acids, 340 
Pentinlc acid, 600 
Pentitols, 671 
Pentosans, 731, 736 
Pentoses, 672 

Pentoses, Space-isomerism, 702 

Pentylene oxide, 368 

Peracetic acid, 319 

Per-acids, 319 

Perbromoacetone, 265 

Perchloric acid, Esters of, 169 

Perchloroacetylacrylic acid, 481 

Perchlorobutadieiiecarboxylic acid, 353 

Perchlorobutinecarboxylic acid, 353 

Perchloroethane, 121, 122 

Perchloroethylene, 124 

Perchloroethyl ether, 157 

Perchloromesole, 125 

Perchloromethyl mercaptan, 490 

Perchlorovlnyl ether, 158 

Perproploui(! acid, 319 

Perseltol, 681 

Perthiocyanic acid, 525 

Petroselinic acid, 350 

Petroleum, 99 

PhfiBophytin, 752 

Phaseolin, 745 

Phasotropism, 52 

Phenoxyacetal, 390 

Phenoxycapronitrile, 433 

Phenylasparaginanil, 608 

Phenylaspartic acid, 608 

Phenylethylbarbituric acid, 631 

Phenylglucoside, 694 

Phenylhydrazones, 269 

Phenyllmido-oxalic methyl ether, 541 

Phenylmethylpyridazonecarboxylic acid, 662 

Phenylpyrazolecarboxylic ester, 602 

Phenyl-pyridazone, 554 

Phenyl succinimide, 553 

Phenyltolylmethyltelluronium iodide, 178 

Phenyluric acid, 638 

Phenylpseudouric acid, 633 

Phorone, 273 

— — tetrabromlde, 273 

Phoronic acid, 625 

Phosgene, 486 

Phosphagen, 514 


Phosphines, 206 
Phosphocreatine, 514 
Phosphoproteins, 747 
Phosphorous acid. Esters of, 170 
Phosphorus, Alkyl derivatives of, 206 

Determination of, 10 

Stereochemistry of, 45 

Phthalimidomalonic ester, 545 
Phycitol, 649 
Phyllopyrrole, 750 
Phyilopyrrolecarboxylic acid, 750 
Phytochlorin, 752 
Phytol, 152 
Phytosterols, 755 
Pimelic acid, 561 

aldehyde, 400 

Pinacol, 363 
Pinacolin, 264 
Pinacolyl alcohol, 149 
Pinacolyi thloc^rbamlde, 509 
Pinacone, 363 
Piperazine, 387 
Plperidic acid, 449 
Piperidine, 386 

Piperidine«/?iropiperazine«pi>opiperid ine dibrom- 
ide, 387 
Piperidone, 451 

Piperidonecarboxylic acid, 615 
Pivalic acid, 303, 304 
Pivaloin, 394 

Pneumococcus polysaccharides, 738 
Plum gums, 736 
Plus sugar, 730 
Polyamyloscs, 730 
Polychromy, 52 
Polyethylene glycols, 363 
Polyglycerols, 587 
Polyglycollide, 420 
Polyhydric alcohols, 679 
Polymerism, 34 
Polypeptides, 445 
Polysaccharides, 731 
Porphin, 751 
Porphyrins, 750 
PorphjTinuria, 750 
Potassium methyldiazotate, 203 
l*rimary alcohols. Conversion into secondary and 
tertiary, 134 
Priraverin, 724 
Primverose, 724 
Prolamins, 745 
Proline, 598 
Prolylalanine, 598 
Prolylglycine anhydride, 598 
Propanal, 238 

Propanaldisulphonic acid, 400 
Propanalone, 400 
Propane, 97 

Propanecarbodithioic acid, 320 
Propanediol, 363, 364 
P*ropanediolal, 588 
Propanediol diacid, 617 
Propauediolone, 590 
I»ropanedisulphonic acid, 377 
Propanepentacarboxylic acid, 678 
Propanetetracarboxylic acid, 669 
ester, 668 

Propane tetraethyl sulphone, 399 
Propanetricarboxylic acid, 646 

ester, 646 

Propanetriol, 580 
Propanol acid, 422 

diacid, 604 

Propanone, 263 
— acid, 462 
Propargyl alcohol, 152 
Propargylamine, 199 
Propargylcarbinol, 152 
l*ropargyI ethyl etiier, 158 
— h^des, 165 
Propargylic acid, 351 
Propargylic aldehyde, 255 
Propenol, 150 
Propenylamine, 199 
isoPropenylethyl ether, 158 



784 


INDEX 


PropenylglyooIUo add* 452 
Proplnol, 152 
Propiolaldehyde, 255 
Propiolic acid, 351 
Propionaldazine, 253 
Propionaldehyde, 238 

phenylhydraroiie, 253 

Propionaldoxime, 251 
Propionamide, 324 
Propionaside, 824 
Proplone, 264 
Propionic acid, 303, 626 

anhydride, 819 

estera, 814 

fermentation, 688 

peroxide, 319 

Propionic aldol, 391 
Propionoin, 394 
ProplonitrUe, 827 
Propionylacetlc ester, 474 
Propionylacetoacetic ester, 475, 603 
Propionylacetonltrlle, 475 
Propionyl carbinol, 894 

chloride, 816 

cyanide, 465 

cyanoaoetio ester, 619 

fluoride, 316 

Propionylformamide, 465 
Proplonylformic acid, 464 
Propionyl hydroperoxide, 319 
Propionylmalic methyl ester, 607 
Propionylmethylcarbinol, 894 
Propionylpropionaldioxime, 408 
Pr^ionylpyroracemic ester, 602 
i«o]mpylacetic acid, 304 
Propylacetoacetic ester, 474 
i*o]hropylacetylene, 112 
n-Propylacetylene, 112 
Pr^ylacetylenecar boxy lie acid, 352 
isoftopylacetylenecarboxyllc acid, 352 
i«oPropyl-acetyl valeric acid, 480 
Propylacroleln, 255 
i*oPropylacrylic acid, 347 
i^oPropyladlpic acid, 561 
Propyl alcohol, 145 
isopropyl alcohol, 145 
Propyl allyl ketone, 273 
Propylamine, 196 
i«oftopylamine, 196 
Propyfbarbituric acid, 631 
Propyl bromide, 164 
isoPwpyl bromide, 164 
i«oPropyl-f«r<.-butyl ether, 158 
i«oPropyli«obutylglyceric acid, 594 
i#oPropyl-<ert.-butyl ketone, 265 
Pr^ylbutyrolactoiie, 427 
woPropylbutyrolactone, 428 
Piupylcarbinol, 146 
i*oft-opylcarbinol, 146 
Propylchloroamine, 200 
Propylchloroamylamine, 381 
Propylcltraconic acid, 573 
i*ol%opylcitraconic acid, 573 
Propyl i«ocyanlde, 294 
Propyldlchloroamine, 200 
Propyldichlorophosphine, 208 
Propylene, 107 

bromide, 372 

chloride, 372 

Propylenedlamlne, 384 
Propylene glycol, 363 

chlorohydrin, 370 

diacetate, 374 

Propylene, Halogen derivatives, 124 

iodide, 872 

oxide, 868 

fuilphide, 173 

Propylenetetracarboxyllc acid, 670 

ester, 669 

Propylenepseudothiourea, 510 
Propylenepseudourea, 508 
Pr^yl ether, 158 
itoftopyl ether, 158 
Pr^ylethylene, 107 
uol^opylethylene, 107 


tfoPropylethylene glycol, 363 

oxide, 868 

Pr^ylfumarlc acid, 574 
i»o]^opylfumarlc acid, 574 
i«oPropylglutaric acid, 558 
t»oPropylglutolactonic acid, 614 
Propylglycerlc acid, 594 
isoPropylglyc-eric add, 594 
Propyfglycerol diethylin, 586 
tsoPropylglyoxal, 400 
Propylhydracrylic acid, 423 
Pr^ylideneacetic acid, 346 
»#oft‘opylideneacetoacetic ester, 481 
isoPropylideneisobutylidenesucclnic acid, 578 
Propylidene chloride, 243 
isoPropylidenecyanoacetic ester, 564 
isoPropylidenedlthloglycolllc acid, 429 
Pr^ylidene diethyl mercaptal, 247 
i«olTopylldenemalonic acid, 564 
Propyl iodide, 165 
r«oPropyl iodide, 165 
I*ropylidoneproploiilc acid, 347 
Propylitaconic acid, 573 
i^oft-opylltaconic acid, 573 
Propylmaleic acid, 573 
i«o]ft-opylinalic acid, 612 
Propylmalonlc acid, 546 
isoPropylmalonlc acid, 546 
isoPropyl mercaptan, 172 
n- Propyl mercaptan, 172 
Propylmesacouic acid, 574 
iaoPropylmesaconic acid, 574 
Propylmethyleneamine, 250 
Propylnitramlne, 201 
Propyl nitrate, 166 
i«oPropyl nitrate, 166 
Propylpseudonitrole, 184 
PropylnitroUc acid, 184 
Propyl orthocarbonate, 484 
Propyloxychlorophosphlne, 208 
Propylparaconic acid, 613 
i«oPropylparaconic acid, 613 
i«oPropyli8oparaconic acid, 613 
Propylphosphlne, 207 
i«o^opylpho8phine, 207 
Propyfphosphonic acid, 208 
Propylpiperidone, 451 
Propyl propenyl ketone, 273 
I*ropylene selenomercaptan, 177 
Propylsuccinic acid, 549 
i^olh'opylsuccinic acid, 549 

anhydride, 551 

i>oPropyl8uccinimido, 653 
n- Propyl sulphide, 172 
Propyltartronic acid, 605 
i«oPropyltartronic acid, 605 
Propyltetronlc acid, 600 
Propylthlourea, 509 
Propyltricarballyllc acid, 647 
tjro^opyltricarballylic acid, 647 
Propyl valerolactam, 451 
Propylvlnyl ketone, 273 
Prosthetic group, 746 
Protamines, 744 
Proteases, 756 
Proteins, 789 

Constitution, 742 

Degradation, 741 

Products of liydrolysis, 741 

- Putrefaction, 742 
Protones, 744 
Protoporphyrin, 750 
Prussic acid, 284 
Pseudomerisra, 48 
Pseudomucin, 747 
Purine, 638 
Purone, 636 
Purpuric acid, 635 
Putrescine, 384 
Pyranose, 690 

Pyrandlcarboxylic acid, 663 
Pyraxoles, 409 
Pyrazolonopyrazolone, 663 
Pyrldazolone, 480 
Pyrldone, 454 
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Pyrocilichouic auliydride, 574 
Pyroglutamlnic acid, 618 
Pjnromucic acid, 718 
Pyrone, 691 

Pyronecarboxylic acid, 616, 626 
Pyroracemic aldehyde, see Metliylglyoxal 
Pyroracemlc acid, 462 

amide, 466 

~ ester hydrazone, 465 

mercaptole, 463 

nitrile, 464 

phenylhydrazone, 466 

reaction with ammonia, 465 

ureide, 600 

Pyrotartarlc acid, 548 
n-Pyrotartarlc acid, 557 
Pyrotartarlc anhydride, 551 

nitrile, 564 

Pyrotartramlde, 554 
PjTTotartrimide, 563 
Pyrotartryl chloride, 551 
Pyroterebic acid, 347 
i’yroxylin, 735 
Pyrrolidine, 386 
Pyrrolidinecarboxylic acid, 508 
I'yrrolylene, 116 

i’yruvic acid, see Pyroracemic acid 
i'yruvic alcohol, 393 
i^yruvil, 628 

Pyruvyl ethyl imidochlorlde, 465 

hydroximlc chloride, 465 

Pyruvylpynivlc acid, 652 


Quartenylic acid, 344 
Quercitrin, 675 


Racemic acid, 665 
Racemic- bodies, 71 

Racemization of optically active substances, 
73 

Raffinose, 730 
Rapic acid, 850 
Rational formula, 23 
Reductases, 756 

Refractive index of organic compounds, 64 

Resolution of inactive carbon compounds, 72 

Rhamniuose, 675, 780 

Rhamnitol, 671 

KliamnohexiU)!, 681 

Rhainnohexose, 698 

Rhamnonic acid, 676 

t«oRhamnonic acid, 67<» 

Rhamnose, 675 
Rham nose, 675 

Rhamnosecarboxylic acid, 714 
Rhamnose hydrazone, 675 

mercaptals, 675 

osazone, 675 

oxime, 675 

Rhodanic acid, 507 
Rhodeose, 675 
Rhodinal, 255 
Ribonic acid, 676 
Ribose, 676 

Rlbotrihydroxyglutaric acid, 677 
Ricinelaidlc acid, 354 
Ricinoleic acid, 354 
Ricinostearolic acid, 354 
Ring-chain tautomerism, 4S 
Rocellic acid, 563 
Rochelle salt, 657 
Rongalite, 245 
Rotatory dispersion, 74 


Sacchararkb, 756 
Saccharates, 694 
Saccharic acid, 717 
isoSaccharic acid, 719 
Saccharic acids, 676 
Saccharin, 676 
isoSaccharln, 676 
Saccharins, 676 


Saccharoue, 677 
Saccharoplc add, 677 
Saccharose. 724 
Salkowsky^s test, 764 
Salmin, 744 
Sarcolactic acid, 417 
Sarcoslne, 441 

anhydride, 447 

Sativic acid, 854 
Saturated alcohols, 136 
Saturated compounds, 27 

hydrocarbons, 91 

Scleroproteins, 745 
Sebacic acid, 562 
Seignette salt, 667 
Selachyl alcohol, 586 
Selenetines, 480 
Selenides, 177 
Selenltes, 178 

Selenium, Stereochemistry of, 45 
Selenomercaptans, 177 
Selenotrehaloses, 726 
Semicarbazide, 508 
Semicarbazones, 269 
Seminose, 691 
Semi-oxamazide, 589 
Semipoiar double-link, 31 
Sericln, 746 
Serine, 595 
isoSerine, 596 
Serumalbumin, 745 
Senimglobulin, 746 
Silicic acid. Esters of, 170 
Silicon, Alkyl derivatives of, 213 
Silicononane, 213 
Silicon, Stereochemistry of, 45 
Silicon tetraethyl, 213 

tetramethyl, 213 

Silico-oxalic acid, 214 
Slnapoline, 497 
Sinc^n, 879 
Sitosterol, 755 
Smokeless powder, 736 
Sodium benzyl, 223 

ethyl, 223 

— ferrofulminate, 296 

methyl, 223 

methylwodiazotate, 203 

nltroprusside, 288 

Solid paraffin, 100 
Solubility of organic substances, 60 
Solution, Substances in, determination of molecu- 
lar weight of, 1 5 
Sorbic acid, 353 

ethyl ketone, 27»» 

Sorbin oil, 454 
Sorbinose, 699 
, Sorbitol, 680 
Sorbitol triformal, 680 
Sorbose, 699 

Specific Gravity of organic substances, 55 

refractive power, 65 

rotatory power, 68 

' Spermaceti, 149, 314 
Spermidine, 384 
' Spermine, 384 
Sphingosine, 588 
Spirits of wine, 1 38 
i Squalene, 118 
Stachyose, 730 
Starch, 731 

Constitution, 732 

Starches, 731 
, Starch gum, 733 
Stearaldehyde, 328 
stearamide, 324 
I Stearic acid, 305, 306 

anhydride, 319 

I Stearolactone, 429 
Stearolic acid, 848, 35-2 
Stearone, 264 
Stearonitrile, 327 
Stearoxylic acid, 852 
Stearyl amidoxime, 33o 
ketoxime, 268 
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Stereoisomerism, 36 
Sterols, 754 
Stigmasterol, 755 
Stovaine, 379 
Structural formula, 23 

theory, 24 

Stuffer’s law, 375 
Suberic acid, 562 

dialdehyde, 400 

Suberone, 562 

Succinaldehyde dioxime, 408 
Snccinamic acid, 552 
Suocinaraide, 554 
Succinanil, 553 
Succinanilic acid, 552 
Succimsobutylimide, 553 
Succindialdehyde, 399 
Succinethylenediaraide, 554 
Succinethylimide, 553 
Succinic acid, 547 
7\soSuccinic add, 546 
Succinic acid semialdehyde, 457 

anhydride, 551 

hydrogen peroxide, 552 

Succinlmide, 552 
— — dioxime, 554 
Sucdnimidoxidime, 554 
Succiniodoimide, 553 
Sucdnmethylimide, 553 
Succinobromimide, 553 
Succinochloroimide, 553 
Succinodibromodiamide, 554 
Succinohydrazide, 554 
Succinonitrile, 554 
Succinophenylhydrazide, 554 
Succinyl chloride, 551 

hydroxamic acid, 554 

tetracetate, 554 

peroxide, 552 

Sucrose, 724 
Sugar anhydrides, 730 
Suiphaminobarbituric acid, 632 
Sulphatases, 756 
Sulphoacetic add, 431 
Sulphoi<»obutyric add, 431 
Sulphocarbonic acid, 488 
Sulphocaxboxethyl disulphide, 480 
Siilphocarboxylir acids, 430 
Sulphocyanit' acid, 523 
Sulphonal, 267 
Sulphones, 174 
Sulphonic adds, 175 
Sulphonium coiiijTounds, 173 
Sulphonyl ftjs-aminovaleric acid, 440 
Suiphonyldiacetic acid, 430 
Sulphonj Idipropionic acid, 430 
Sidphosuccinic acid, 608 
Sulphotetronic acid, 600 
SulphothiocarlM)nic acid, 480 
Sulphourea, 508 
Sulphoxides, 174 
SuJphurans, 374 
Sulphur, Determination of, 10 
— — Stereochemistry of, 45 
Sulphur diryanide, 524 
Sulphuric acid, Esters of, 167 
Sulphurous acid, Esters of, 168 
Sulphur thiocyanate, 524 
Synthalln, 513 


Taoatose, 690 
Talitol, 681 
Talomucic acid, 710 
Talonic add, 714 
Talose, 697 
Taririnic acid, 353 
Tartar emetic, 657 
ontiTartaric acid, 658 
d-Tartaric add, 656 

Conflwation, 710 

/-Tartaric acid, 658 
ntCMo-Tartarlc add, 658 
'J’artaric acids, 663 
— — aldehyde, 651 


Tartronlc add, 604 

semi-aldehyde, 598 

Tartronyldlmethylurea, 632 
Tartronylurea, 681 
Taurine, 376 
I Taurobetaine, 377 
Taurocarbamic add, 377 
I Tautomerism, 48 
I Teichmann’s crystals, 749 
! Tellurides, 178 
Tellurium, Stereochemistry of, 45 
Telluromercaptans, 178 
Teraconic acid, 673 
Teracrylic add, 847 
Tetraacetohydrazino, 324 
! Tetraacetylarabinose, 674 
I Tetraacetyldiiminobutane, 711 
i Tetraacetylenedicarboxyllc acid, 578 
: Tetraacetylethane, 651 
j Tetraacetylinannitol didilorohydrin, 080 
I Tetraalkylammonium salte. Optical resolution of , 
I 199 

Tetraalkylpliosphonium bases, 207 
I Tetraalkyltetrazones, 204 
I Tetraisoamylsilicane, 214 
I Tetrabromobutyric aldehyde, 240 
I Tetrabroinodiacetyl, 402 
j Tetrabromoethylene, 124 
; Tetrabromofonnalazine, 616 
; Tetrabromometliane, 485 
I Tetracarboinethoxyarabinose, 674 
; Tetracarboxylic adds, 667 
, Tetrachloroaeetone, 265 
I Tetrachlorodiacetyl, 402 
Tetrachlorodikotoadipic ester, 063 

■ Tetrachlorodinitroethane, 186 
j Tetrachloroethane, 121, 122 

: Tetrachloroethylene, 124 
1 Tetrachloroethyl ether, 244 
i Tetrachioroglutaconic add, 576 
i Tetrachloromethane, 484 
I Tetrachloro-n-phenylpyrrolc, 57o 
Tetrachlorosucdnanil, 557 
Tetracosane, 98 

I Tetraco8anedicarlK)xylic scid, 663 
! Tetradecane, 98 

! TetradecAnedicarboxylic add, 563 
' w-Tetradecoic acid, 305, 306 
Tetradecylpropiolic add, 352 
, Tctraethenyl hexasulphidc, 320 
Tetraethylacetone, 264 
j Tetraethylaininoniuni iodide, 198 
Tetraethylarsoniuin hydroxide, 212 
iodide, 212 

Tetraethylhydrazoniuin iodide, 203 
Tetraethyl lead, 216 

' Tetraethylphosplionium liydroxide, 208 
i Tetraethylsilicane, 213 
; Tetraethylstibonium iodide. 212 
; Tetraethylsucdnic add, 550 

anliydride, 551 

I Tetraetliyltetrazone, 204 
I Tetraethyl tin, 215 
Tetraethylurea, 497 
Tetratluoroinethane, 484 
Tetrahydri(; alcohols, 649 
Tetrahydrocarvonc isooxiine, 451 
Tetrahydrofurfnran, 368 
Tetraliydropyrrole, 386 
Tetrahydrothiophen, 375 
! Tetrahydroxystearic acid, 354 
j Tetrahydroxyisovaleric acid, 676 

■ Tetrah yd roxy valeric adds, (>75 
Tetraiodoethylene, 1 24 

I Tetralodoinethane, 485 
1 Tetraldan, 390 
1 Tetrainethyla(;etone, 264 
I Tetramethylallene, 114 
I Tetramethyialloxantin, 634 
; Tetramothylaininoninm hydroxide, 198 
i iodide, 198 

Tetrametbylarsonium hydroxide, 212 
iodide, 212 

Tetramethyldiaminoacetic methyl ester, 457 
Tetraniethyidiaminomalonie ester, 618 
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Tetraniethyldlamlnonitropropane, 588 
Tetramethylene bromide, 873 

chloride, 873 

Tetramethylenediamine, 384 
Tetramethylenedithioglycol, 374 
Tetramethylene glycol, 8fi4 
Tetramethyleneimine, 386 
Tetramethylene iodide, 373 

oxide, 368 

sulphide, 375 

Tetramethylethylene, 107 

bromide, 372 

chloride, 372 

— — glycol, 363 

nitrosocliloride, 377 

oxide, 368 

Tctramethylethyltri methylene glycol, 364 
Tetramethylfructose, 698 
Tetramethylfulgenic acid, 578 
Tetramethylgalactose, 697 
Tetramethylglucose, 694 
'Fetramethylglutaric; acids, 559 
Tetramethylglycerol, 582 
Tetramethylhydracryllc acid, 423 
Tetraniethylhydroxyethylamine, 38 1 
'Fetramethyl lead, 216 
'I’etramethylmethane, 97 
Tetramethylmethyleiiediamine, 250 
'retrumethyl inethylfructoside, 698 
Tetrametliyl-methylgulactoside, 697 
’retramethylmetliylglucosidc, 694, 696 
Tetramethyl-methylmuiinosidc, 692 
TetramethyJoclanedione, 405 
Tetramethyloxamidc, 539 
TetramethyJpentanedioJ, 364 
Tetramethylphosphoniuiii hydroxide, 208 
Tetramethylsllicane, 213 
Tetramethylstibonium iodide, 212 
Tetramethylsuberic acid, 562 
'J'etramcthylsucciiiuuil, 553 
Tetramethylsuccinic acid, 55(» 

— anhydride. 551 
Tetramethyltetrahyd rofurfuran, 36)8 
'retramethyltctramelliylenedla mine, 384 
Tetramethyltetramethylene glycol, 364 
Tetramethylp^^iw/othiomea, 510 
Tetramethyl tin, 215 
Tetramethyltriamlnopioi)auc, 588 
Tetramethyluric acid, 638 
Tetranltroethaiie, 187 
Tetranltromethane, 186 
Tetrapropylsuccinic acid, 550 

anhydride, 65 1 

Tetrapropylurca, 497 
Tetrasaccharides, 730 
I’etrathiodlacxjtic acid, 430 
Tetrlnic acid, 699 
Tetrolaldehyde, 255 
Tetrolic acid, 352 
Tetronal, 267 
Tetronic acid, 599 
Tetronic-c^rboxylic acid, 061 
Tetrose, 650 

Thallium. Alkyl derivatives of, 217 

dialkyl hydrides, 217 

Theine, 644 
Theobromine, 643 
pttezidoTheobromine, 643 
Theophylline, 644 
Thetines, 430 
Thialdine, 247 
Thlamides, 828 
Thiele’s Theory, 28 
Thioacetals, 247 
Thioacetamlde, 328 
Thioacetic acid, 320 
Thioacetoacetic ester, 599 
Thio-acids, 319 
Thio-alcohols, 170 
Thioaldehydes, 246 
Thloaminobutyrlc acid, 597 
Thloamlnopropionlc acid, 597 
Thioammeline, 626 
Thlobarblturic acid, 630 
p-sct/zi^oThiobiiret, 510 


] Thiocarbamic acid, 605 
! Thiocarbamide, 608 
I Thiocarbonic acids, 488 
I Thiocarbonyl chloride, 490 
j Thiocyanic acid, 523 

1 esters, 525 

i t/f«Tliiocyanic acid esters, 526 
1 Thiocyanic anhydride, 524 
Thlocyanoacetic acid, 626 
: Thiocyanoacetone, 626 
! Thiocyanodlamldlne, 515 
Thlocyanogen, 624 
Thlocyanuric acid, 528 
tsoThiocyanuric esters, 528 
Thiodialkylamlnes, 200 
' Thiodibutyric acid, 430 
I Thiodicarbonic ester, 488 
; Thlodiethylamine, 200 
I Thiodiglycol, 374 
i ThiodiglycoIUc acid, 429 

anhydride, 430 

Thiodilactic acid, 463 
i Thiodilactylic acid, 430 
Thioethylene glycol, 374 
I Thioformamide, 328 
I Thioformethylimide, 289 
1 Thioformi(; acid, 289 
1 Thioglycollic acid, 429 
1 Thio^ycoUide, 429 
pxeM^Thiohydantoin, 510 
Thio-imido-ethers, 328 
Thioketones, 266 
Thiolacetic acid, 429 
Thiolactic acid, 429 
Tliiolbutyric acid, 429 
Thiolwebutyric acid, 429 
Thlolpropionlc acid, 429 
Thiomalic acid, 608 
; Thlonamic acids, 200 
Thionuric acid, 632 
Thionyli«obutylamine, 200 
; Thlonyldiethylamine, 200 
, Thionyldiethylhydrazine, 203 
: Thlonylethylamine, 200 
I Thlonylethylenediaminc, 384 
Thionylmethylamine, 200 
Thio-oxalic acid, 541 
Thiophosgeue, 490 

I Thiophosphoric acid, Esters of, 170 
' Thlopropionamide, 328 
! Thiopropionic acid, 320 
: Thiosemicarbazide, 511 
: Thlosinamine, 509 
! Thiosuccinanll, 552 
j Thiosuccinanillc acid, 552 
I Thiosugars, 700 
j Thiotrehaloses, 726 
i Thiouramil, 633 
; Thiourazole, 511 
Thiourea, 508 
j Thiourethanes, 506 
; Thiop«et<douric acid, 633, 636 
Thioveronal, 631 
Thioxanthine, 636, 642 
Thiuram disulphides, 506 
Thluram monosuJphide, 507 
Threose. 651 
Thymine, 628 
Thyminose, <)51 
Tiglic acid, 346 

aldehyde, 255 

Tiglyceric aeid, 594 

Tin, Alkyl derivatives of, 214 

Stereochemistry of, 45 

Trehalose, 724 
i«oTrehalose, 724 
Triacetamide, 324 
Triacetic acid, 603 
Triacetodibromoglucose, 696 
Triacetxihydraziue, 324 
Triacetonamine, 274 
Triacetone diaicohol, 590 
Triacetonedihydroxylamine, 275 
Triacetone dlurea, 497 
Triocetone-glucoheptitol ,681 
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TriafetoneliydrDxylainjno, 27r> 
Triscotone |>exoxide, 265 
Triacetone sorbitol, 680 
Triacetonyltriamlnetrloxime, 697 
Trlacetyl borate, 817 
Trlacetylglucal, 696 
Trialkylamine oxides, 205 
Triallylcarbinol, 153 
Triamlnoguanidlne, 517 
Trlamiuopropane, 588 
Trlamlnopyriinldine, 63(» 
Triisoamylsilicane, 214 
Trit#oamyl8illcol, 214 
Tribenzal-d-talitol, 681 
Tribenzal trianiinoguanidiiie, 517 
Tribromoacetic acid, 335 
Tribromoacrylic acid, 343 
Tribromoaldehyde, 240 
TribromobutjTic add, 336 
Tribromoethyl alcohol, 144 
Tribromoethylene, 124 
Tribromolactic acid, 421 
Tribromolaotlc acid nitrile, 433 
Tribromopyruvic acid, 464 
'rribromosucciiiic acid. 557 
Tributyrin, 584 
Tricarballylic acid, 647 
Tricarbamldic ester, 502 
Tricarbethoxyglycerol, 584 
Tricarblmide esters, 521 
Tricarboxylic acids, 645 
Trichloroacetal, 242 
Trichloroacetaldehyde, 238 
Trichloroacetic acid, 334 
Trichloroacetoacetic ester, 477 
Trichloroacet-oacr>’lic acid, 481 
Trichloroacryllc acid, 343 
Trichlorobutyl alcohol, 146 
Trichloro-tert.-butyl alcohol, 418 
Trlchlorobutyraldehyde, 240 
Trichlorobut>Tic acid. 330 
Trichlorocrotonic acid, 344 
Trlchioroethaiie, 121, 122, 33(i 
Trlchloroethyl alcohol, 1 44, 239 

carbamate, 145 

Trichloroethylene, 124 
Trichloroethyl ether, 157 
Trichloroethylldene glycol, 239 
Trichloroethylldeiieinalonic ester. 564 
Trichloroethylldene trichlorolactate, 421 
Trichloroethylldeneure thane, 492 
Tiichlorolactlc acid, 421 
Trichlorome thane, 290 
Trichloromethanesulphonic acid, 490 
'rrichloromethylparaconlc acid, 612 
Trlchlorophenomallc acid, 481 
'Piichloropropane, 583 
Trichlorowopropyl ah-ohol, 145 
Trlchloropyrimidine, 630 
Trichloropyroracemic acid, 464 
Trichlorosucclnic acid, 557 
Trichlorovalerolactic acid, 421 

nitrile, 483 

Trlchloryl taocyanuric acid, 523 
Trioosane, 08 
Tricyanogen chloride, 523 
Tridecaldehyde, 238 
TrldecaDe, 98 

TzidecaDedicarboxylic acid, 563 
a-Trideooic add, 305 
Trldecylamide, 324 
Tridecylonltrile, 327 
Trletboxyaoetonitrlle, 540 
Triethyl almnlnlum, 216 
TrtothylazBine, 212 

sulphide, 212 

TriethylarscDOxlde, 212 
Triethylbetaine, 442 
Triethyl bismuth, 213 
Trlethylborine, 216 
Triethylene glycol, 863 
Triethyl^yooooU, 442 
Trletiiylbydroxylamine, 206 
Trlethylidene dlsulpbone sulphide, 247 
teisulphone, 247 


Triethyl lead chloride, 2 1 6 
Triethylmelaminc, 631 
Triethyl isoinelamine, 531 
Triethylphosphlne, 207 

oxide, 208 

sulphide, 209 

Trlethylsllicol, 214 
Triethylsilieon ethoxide, 214 
Trlethylstlblne, 212 
Triethyl thaUium, 217 
Trlethylthiocarbamide, 509 
Triethyl tin chloride, 215 

hydroxide, 215 

Triethyluroa, 497 
Triglycylglycine, 448 
Triglycylglycinecarboxylic acid, 4l»o 
Trigiycollaniic acid, 443 
Tiihexosan, 730 
Trihydrlc alcohols, 579 
Trlhydrocyanlc acid, 58J 
TrihydroxyadJpIc acid, 677 
Trihydroxybutyxic acid, 651 
Trihydroxyisobutyric acid, 652 
Trlhydroxycholanlc acid, 753 
Trihydroxy-n-glutarlc acids, 677 
Trihydroxymethylglutaric acid, 677 
Trihydroxy raethyltetrahydrofiira near 1 )ox yl i( 
acids, 714 

Trihydroxytriethylamine, 381 
Trihydroxyvaleric acid, 652 
Trliminobarbiturlc acid, 630 
Triiodoacetlc acid, 335 
Trllodonltroethylene, 182 
Triketocholanic acid, 754 
Trlketoheptane, 593 
Triketoliexane, 592 
Triketones, 592 
Triketopentane, 592 
Triketo-n- valeric acid, 652 
Trimercuriacetlc acid, 537 
Trlmethylacetaldehyde, 238 
Triinethylacetamlde, 324 
Trlmethylacetic acid, 303, 304 
Trlmethylacete nitrile, 327 
Trlmethylacetyl chloride, 317 
ttci-Trimethylacetylacetaldehyde, 39r> 
Triniethylacetylitainalic anhydride, 613 
Trimethylallene, 114 
Triniethyl aluminium, 216 
Trimethylamine, 197 

oxide, 205 

Trimethylarabinose, 674 
Trimethyl-y-arablnose, 674 
Trimethylarslne, 212 

bromide, 212 

sulphide, 212 

Triinethylarsinoxide, 212 
lYimethyl bismuth, 213 
Triniethyl boriiie, 216 
Triiiiethyl-butenolactone, 453 
Trlmethylbutyrobetaine, 449 
Trlmethylbutyrolactone, 428 
Triinethylcarbimide, 521 
Trlmethylcarbinol, 146 
Trlmethyldlethylplperidone, 590 
Trimethylene bromide, 372 

chloride, 372 

t;hlorohydrin, 370 

- - cyanide, 558 
Triinetbylenediainine, 384 
TrlmethyloucdicyanoHuccinic csOt, 720 
Trimethylenedimalonic ester, 668 
Trimethylene diphenylhydrazine, 253 
Trlmethylenedlsucclnlc acid, 669 
Trimethylene disulphide, 375 

disulphone, 375 

sulphide, 247 

Tiimethyleneethylenedilmlne, 388 
Trimethylene glycol, 364 

diacetate, 374 

Trlmethyleneimine, 386 
Trlmethylenelmlnesulphonlc acid, 588 
Trimethyleno iodide, 872 
Trimethylene mercaptan, 874 
— oxide, 8ti8 
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Trimethyleue trisulphonc, 247 
Trlmethyleneurea, 498 
Trimethylethylene, 107 

Rlycol, 863 

— oxide, 868 
Trlmethylethyliiiethaiie, 07 
Trlmethyl-ethylpyrrole, 750 
Trimethylglucose, 696 
Trimethylglutaeonic acid, 577 
Trimethylglutaric acid, 559 
Triinethylglycldic ester, 595 
'J’riniethylgJycocoll, 380, 442 
Triinethylhydracrylic acid, 42:{ 
Trimethylhydrazonium iodide. 203 
'Friinethylketol, 394 
'rrimethylmalic acid, 6J 1 
'rrimethylmelaminc, 53] 

Trlmethyl ?>omelamlnn, 531 
I’riiiiethylmetliane, 97 
TrinjcUiyimethylarablnosidc, 674 
Trimethyl-y-methylarabinosidc, 67 i 
Trimelliyljjaraconlc acid, 613 
Triraethyl-phenylpyridazoloiio, IHO 
'I'riinetljylphosphine, 207 
Trimethyl piinelic acid, 562 
Trimetliylpropiobetaine, 444. 44H 
Trimethylpyroracemic acid, 464 
Trimethylpyrrylpropionic ac-id, 75(» 
Trimethylstannic hydroxide, 215 
'rrimethylstibine, 212 
'J’rimethylaiiccinic acid, 550 

anhydride, 551 

Trimethyl sulphoniuin hydroxide, 174 

iodide, 174 

'I'rimethyl tin iodide, 215 

Trimethyltricarballyllc a(dd, r>47 

Trimethyltrl methylene glycol, 364 

Trimethyltrlose, 690 

Trirnethyliiracil, 629 

Trimethyluramll, 632 

Trimethyluric acid, 637 

'rrimethylp«eu<ioiiric acid, (*32 

ITlmothylvalerobetaine, 449 

Tiimethylxanthine, 644 

Trimyristin, 585 

Trlnitroacetonitrile, 540 

Trlnitroethane, 186 

Trlnltromethane, 186 

Trlnltromethylbutane, 397 

Triolein, 685 

Trional, 267 

Trloxymethylenc, 230 

Tripalmitin, 585 

Triphenylmethylgalactosc, 097 

Triphenylmethylglucose, 096 

Triphenylmethyltetramethyiamiiionium, 198 

Tripropylamine oxide, 205 

Trisaccharides, 730 

Tristeartn, 585 

Trithloacetaldehydes, 240 

Trithioacetone, 267 

Trlthlocarbonlc acid, 489 

Trithlodiacetlc acid, 430 

Trlthloformaldehydes, 240 

Trlthlo-6if-malonic ester, 545 

Turacin, 760 

Turanose, 728 

Type Theory, 21 


Undecalpehydk, 238 
Undecane, 98 
Undecanoic acid, 480 
Undecenoic acid, 348 
Undecenol, 152 
Undeoenylamine, 199 
n-Undecoic acid, 305, 30(‘> 
Undecolic acid, 362 
Qndecylamine, 197 
llnsaturated compounds, 27 
Uracil, 628 

Uracllcarboxyllc est^r, 622 
Uracilimide, 628 
Uracils, 628 
UramU, 682 


Urazolc, 50.5 
Urea, 494 

chlorides, 493 

Urease, 496 
Ureides, 498 

of aldehyde- and keto-moioiarboxylic adds 

627 

of dlcarboxylic acids, 629 

of hydroxy-acids, 499 

Urethane, 491 
Urethanes, 491 
/5<oUretin, 289 
Uric acid, 635, 641 

oxidation, 63 h 

synthesis, 63!> 

v5>oUric acid, 634 
'pneudoVTic acid, 632 
Uric acid group, 626 
Urobutylchloralic acid, 219, 7L<‘. 

Urochloralic acid, 716 
Uroporphyrin, 750 
Urotroplne, 248 


Valency, Electronic Theor> of, 2.) 

180 Valeraldehydc, 238 
n-Valeraldehyde, 238 
180 Valeraldoxlme, 251 
Valeramide, 324 
i8oValerlc acid, 303, 304 
n-Valerlc acid, 303, 304 
Valeric acids, Esters of, 3 1 4 
Valeroin, 394 
Valerolactam, 451 
Valerolactones, 427, 428 
Valerolactone-acetic acid, 615 
Valerolactone-carboxyllc acid, ♦>I 4 
Valerolactone-dicarboxylic acid, 66* , 
isoValerone, 264 
Valeronitrile, 327 
i«oValeronitrile, 327 
o<n-i8o- Valery lacetaldehyde, 396 
Valeryl chloride, 817 
i8oValeryl chloride, 317 
Valine, 444 

Vanadlc acid, Esters of, 170 
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weight from, 13 
Vaseline, 100 
Veronal, 631 
Vinyl, 123 

Vinylacetic acid, 345 
Vlnylacetonitrile, 345 
, Vinylacetylene, 117 
I Vinylacrylic acid, 353 
; Vinyl alcohol, 150 
VInylamine, 199 
! Vinyl azide, 204 

bromide, 123 

chloride, 123 

Vinyldimethylacetic acid, 347 
Vinyl ether, 158 
Vinylethyl ether, 158 
Vinyl ethyl ethylene sulpiiidc, 374 
' Vinylglutaric acid, 577 
VlnylglycolUc acid, 452 
Vinylhydroxypivalic acid, 453 
Vinyl sulphide, 173 

Vinyltrlmethylammoniiim liydruxidc, 199. 
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Violuric acid, 634 
Virtual tautomerism, 52 
Vitamin A, 114 
Vitamin D, 755 
Vitellin, 745 
Vitiatine, 513 
Volemitol, 681 
Voluntal, 145 
Vulcanite, 73t) 


Walden Inversion, 70 
Waxes, 314 
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